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LOW DI STORTI ON | NTERLAYER FI ELD OF THE | NVENTI ON The
present invention is in the field of nultiple |ayer

w@bk@s®9anel s conprising a pol yner sheet havi nBCT/US2006/006357

desirabl e surface properties, and nore specifically,
the present invention is in the field of nmultiple

| ayer gl ass panell®W@IBTORITON MOTERVAWER but yral )
having a finished surface of relatively | ow wavi ness
and hi gh roughness di sposed in contact with

poly(ethylene teregﬂEthaIEHEaNVENHRMNher pol y(vi nyl
butyral) ers stromthick or..
©hi 2icEie PR Tavepon 5 i Pt it 478 batK coPping o
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e di spos n. any appr ia ubst r suc
EihiAc WITK GO ethleBn lsgePhhplaia) i Srclies PRI f@ﬁgpe layers.
terephthalate) (PET) filmor simlar naterlm

form known as an |nterég angﬁﬂh%éte conprlses at

| east one | ayer of refl@ec sandw ched bet ween
refl a@ﬁgs@dsm-%lbiﬂpbﬁﬁﬁzkﬂgaﬁfs dAitotald, @fetad CrhRnGE, @h®6thér agents

lized filmsuch as an jnterfer hce

b Bivepdonal e aaet ineriohie Lo sSSP R S emodoeine
pifased émmn vfhﬂe uamﬁﬂing visiblelight hTlds©1ayérd 8t bedriing &l in
o P b did P b dhors o Ae GRIBeP s SUbaIp Ssphis Bialy
ﬁtfemnaa,h&rmsgdst@&)o@@tmwn&eﬁhtmﬁ)l(BET)‘mmV&rsnﬁllle@ nferial. One

rom a forei eck fron1out5|9e t he, vehicl e wi t hout
b oo 26 B D oG e Gt L SR e fegtitg et
saivichéd m@ﬁgmmﬁ&n-s@pﬁebm & alnﬁét&lecﬁ% dgledié Riybyl ene
o RSP B FOR 55 b e S RSl i e m
ﬁﬁltilp‘leaa}teh slass lhaete, ﬁs)t Exteipld 1@ atvihitle vindsb{RRE 6 Wdtkl d¥ssipating
AT CEpRsiyie oty bBd BETDy BB 35 Eiin Ttz Buftapiee Riew
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al | al Ccan arly _noticeanl e a
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e L D ORI 1 bty & B EIF oo bt i

meqhéntlyshspséed besbei ﬁ;v&lay@g o8dlaser ThyfidiSiRd nRiliple layer glass
panepha(se B es combmed benefit of safety and radiation transmission control.

An optical quality defect that can be particularly noticeable at oblique viewing
angles can occur in such safety glass panels as a visually apparent, isotropic, wave-like
reflected image estimated to have an amplitude of about 0.002 to 0.012 mm and a
wavelength of 2.5-7.5 mm. It is referred to hereinafter by the term "applesauce.”
Applesauce is believed to occur because the polyethylene-type layer, which reflects light
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Appl esauce is believed to occur because the
pol yet hyl ene-type | ayer, which reflects |ightat

wo@blob@eEeovi ewi ng angl es, conforns to the poly(RCTYE2006/006357

butyral )-type | ayer dur| ng lam nation and will assune
any non-linearity, or waviness, that is present on
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The present invention includes a method of producing a multiple layer interlayer,

comprising the steps of: forming a first polymer sheet comprising poly(vinyl butyral) and
a plasticizer, wherein said first polymer sheet has a first surface and a second surface and
wherein said first surface has a waviness index of less than 20,000 square micrometers,

an R value of at least 20 micrometers, and a permanence of between 10 and 95;



wherein said first surface has a wavi ness i ndex of
| ess than 20,000 square microneters, an Rz val ue of at

WO e@s9207 mi cronmet ers, and a permanence of bet WeEOS2006/006357
and 95;di sposing a |layer of polyner filmin contact
with said first surface of said first polynmer sheet to
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eff?ob‘ 1000 SR P&-ng the steps of: forning
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and a. pl asti sheet
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tjn
I‘%‘dFﬂ b BAtg sq matic illustration

of a | am nated pol yner sheet//polynmer filmconstruct.

20 {rvention, it FREEDESCAEIORER Ak etRE tet oot

kn OWI’FlQﬁ'e 1 agppdsena bl schematidlillg firaGiam oL Bbinatdd pdliinter BeBt//polymer

@ Yer ass panel s that incorporate a polyvinyl
ﬂﬂi ‘t ype sheet disposed in contact with a pol yner

f|In1Iayer such as polyethyl ene terephthalate), can
of the present i nveRETOLERBESAATTIAB ¢ 1 o def ects can

25 be siAvcbdingito Hedi&ett inRelion Rihas been discovered that the defect known
as “applesauce,” which can occur in multiple layer glass panels that incorporate a
poly(vinyl butyral)-type sheet disposed in contact with a polymer film layer, such as
poly(ethylene terephthalate), can be reduced by using a polymer sheet and/or the methods

1

o

(=]

. of the present invention. Further, mottle defects can be similarly reduced. Polymer
30  sheets of the present invention have a low waviness index, or WL, which is a measure of

the undulations of the surface of the sheet, and a high roughness value, or R,, which is a
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sheets of the present invention have a | ow wavi ness
i ndex, or W, which is a nmeasure of the undul ati ons of

wo b@esordace of the sheet, and a hi gh r oughnesBCT/EB2006/006357

or R, which is aneasure of the smaller irregularities
that occur, generally by intention, on the surface of

inBBuws e tHe.smAlerdopMlaritids thatitod, dergRI1 bt lidtyhtidh, cklhe S@fie of
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ﬁﬂ% |f§m§r= Eng ﬁBfedé‘ﬂBW dfiortien tibe Mfegtace 12
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va ent invention includes polyner sheet s

S R BB PO G ME AR TR Gifes A WEh g vatue.
i nverhé pﬂ:senThﬂ'eﬂicﬁtSﬁé]ﬁdels PYIGMES DBeté Mhe] M6 BediifbRES] Bf 2
r ner sheet t hat conprlse the steps of
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SSi t hat, surface of the polyner sheet w
WG I 4 o R M PGP B et the

pozymbe shelf ®ith 9 tisughiids€padeh th InpRONESoPS high Mﬂgﬁaés§ value,
applﬁsauce have, ot her things, involved

or od BBV AHRR DTSSR 6 LS FERMSa1Sa 3T PR giber thiRgs
iafllved praiici@ ¥ ipBRS&izdd B Xvinyl butyral) layer that had a low waviness index.

Such attempts often produced layers lacking desirable qualities because the roughness

value of the smooth layer produced was low, thereby creating difficulties with the
lamination steps of the assembly process. Other attempts at reducing applesauce have

involved a process in which a layer of polymer film, such as poly(ethylene terephthalate),



10

15

20

25

30

Such attenpts often produced | ayers | acking desirable
gualities because the roughness val ue of the snooth

wo ayen9pbduced was | ow, thereby creating diffPCUUB1086006357

with the |am nation steps of the assenbly process.
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of v I us enbo (g?‘ggnt S Q resent
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PR R e s met s Tt 00D S Rt oo P R
slqaramcmmeibtsmlehseh& 6h D@Bﬂuﬁorg aficrdfie@ord s @i 5,000 sqxlxare
cronet er ess t han squar.e ni cropeters ess
PERIES BT & Rt P e ek 1 Moty B B
mpuamersnlafss thmﬂe lﬁﬁcroﬁtﬁlﬁrsaleiﬂhgfmz ﬁﬁﬁoﬁétbrb,ﬂesféfthdnﬁﬁﬁicfdﬂ@d?elo TS,
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B P 5 ShE T R g SR O a4 Be re
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400 levi thao ﬁmuabmitetsee:saré Ieasmhéxﬁlﬂ@m sqwrﬁﬁ@crmgs%%gﬁa ®sSthan 5
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" pre- g%ﬁ 38'0 SR “Id%’? %@Fﬁ%@ ]j’(n“' op g?ﬁ sy surfaces

is/are embossed w1th a roughness pattern. This roughness pattern can be any suitable

pattern, and, in various embodiments, resulis in a polymer sheet having a final roughness
value (post-embossing value) of at least 20 micrometers, at least 25 micrometers, at least
30 micrometers, at least 35 micrometers, at least 45 micrometers, or at least 55

micrometers. Because this embossing step is carried out prior to lamination of the layer
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In the next step of these enbodinents, the relatively
snoot h surface or surfaces is/are enbossed with a

w0 ougloss pattern. This roughness pattern canP@EUSIUP6/006357

suitable pattern, and, in various enbodinments, results

in a polynmer sheet having a final roughness val ue
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ast 25 micr
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000, s r r LoL,
B8 el i R R TRt SahrLe B s
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m,Cr o ers gast rs t |

R BHEED Sut B PR ool o ERRESundimerfet o part of e
predeneisvaitive whedo ouly tharougimiessnaliis pivele unduidt thcoWliessd to
%g}agggge?%?gay%org%%ed in any conbination, where

appro 1ues given in this paragraph are
t he 'IpedditientoalssWihgid reaghness vafuesypulynRs sheatd df the pERARSS .

t hese an ot her odi ment s of e. present
bt BB ariitired B 1R Plpaipapo g’aﬁﬁm’g‘n@ afthe are
ajfiexability aftthe ﬁﬁq)@mﬂca’tgpdgmﬂnh of the sl Inaﬁmﬁnabﬁ ﬁﬂbcﬁﬁaﬁ@% for
Rr esent ve ere onl e .youghness
s o B BHFREF e Bl iy oSigPindlasronaty2 4ElBP Bty o
dehtmhsdlekmhere;mm In addition to the W and roughness
val ugs
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R 0 TR e BT BR 55
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1%bso? \é\fgger % 16&r ﬂenx'ralue of the permanence that is imparted to a polymer sheet will

depend on the desired application and lamination processing conditions that may be
employed. For applications in which it is desirable to maximally reduce applesauce, for

example, polymer sheets of the present invention may have permanence values of less
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Pol ymer sheets of the present invention that are
produced with | ow roughness and wavi ness and are
wepwedssad7t o a hi gh roughness val ue can have pRCTYHAENEE6357
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©shio s phatiguiant Aaifaceaing PEREIsN Gor binle(  permahdnde bi B0 can be

ressure associ at ed t h hi her er nanenc |
B T A e i sl s SRt S1aP 0 S W used for
mme@@ﬂilﬁgaviﬁamhoﬂgprefp@gss exanpl e R heaters, wth
i ncr socj at.ed
per rrgﬁ’t? ucg‘ﬁbo a\Pél Yﬂeﬁ off that 1% ﬁ%ﬂ%rn@sﬁw Brodpgspe pre-
élﬂk)@smg)vafl;ﬁsgn&h aﬁ@e}hmmﬁt, is,\Wad Sufli@¥Rly El)b‘&v RevEReaakfex and
associ at W t i, ghe rmanence. By alterin

-~ B R ldlob fort RRICHGSRHEPT (b pebymer

shaetab@)rdm'gtdlhemlbm@ui t a particular manufacturing
pr ocess. | e, a permapence f 25 to_40 can
used %1%5 P“GE‘ o ‘Eépég‘gmﬁ@r ’ﬂ@ﬁ‘é“hrﬁ © ’rsd‘lsﬁ’ rpé"db‘F‘v’e@g PoLYpgr Sg‘eet an
epmmellsr&ﬁmethdﬁye'ﬁ Cari 12 pﬁ&ﬁue@r{]bﬁﬁcréaﬁsﬂ% th®dic & @ér@p“e%&e 'dﬂh@ die
a.vac a ess e qdu p
Sty o efe B drchcioaiog pipes ﬁess%ﬁmgmem@nﬁxg “embossing

padebmdet agl fdﬁ’gtmeﬁ pgtamecarsa ey &iouk BAbodimenthaBe die lip

suf fici entl i ndex_ and
garlicient! S 1785 o 230°C, 190°C to 210°C, or 195°C to 205°C.

For apphcatlons that use a die roll to produce polymer sheets, smoothness can be

attained by using a mirror finish casting roll, for example, made of chrome, having no, or

very little, surface roughness or waviness and/or using a high blade temperature. Other
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roughness val ue- can be achieved by altering
conventi onal production of the polyner sheet according

wao oooblog170Dl | ow ng: For net hods of production i PCTMIBZN6/606357

die is used to produce the polyner sheet, an extrenely
snoot h | ayer can be produced by increasing the die Hp
érﬁlbﬂ@lﬁﬁd ?ﬁdﬂs@ a?ﬁm«*ﬁhﬁ?m @stigfrbll fd'hzﬁiﬂelk\;é’thb @alﬁafﬁ@:t.t %}ﬁlerally, the
rqduc n of shee vi ng..t he _above-nmeptio ,
s picbe gt Riade S atlve etttk i e b falh o the
WBvikes bﬂﬂg dﬁ?@l@&idiiﬁfﬁl %ﬁg%tttb &vglggomm?%mﬁroc | tmzhfgigséfea waviness
nained. a om 0, 0 ., Or
q Iged ghgst 6%61““3{)%6?5 SRRl B e i) e RBms L
PHr A€ oPRLYIEON BREAE Ssed SADALFUAR 56 dﬁ?@lﬁ%r&ﬁelt@kémm%é
usi.ng mrror finish casting roll, for exanple, made
BRChE B baingshy aRoduse thy @plymer ghepts butdhat ey acceptable
SIOALURRGSBCARTindAY the BFeSerd Rfvefion4sh Béreadily 4RiekédIsaliering
tepperature. O herenbqodi nents use a mrror finish
Erﬁa:%t‘ﬂﬁp?rWFte’ES@SE{?ﬂPw e same effect Generally, the

wavi MR seddhd klg, WSk eRbediag @dovdhhdss Paich bih 1hdsmb&h pbBmer
f the surface %f the die roll, so the wavi ness of the

egl: §ag1be Perigyied by @ny apronrigte s ds Inc g on PAAmplsyPY BSing
tollers Uehg @ﬂ)u‘é&és@%@m&f) ihpiet thé %@B@ﬁ“ﬁ&%ﬁ% infabe’) PhicLon
one of or |naéy skill inthe art wll recognize that
PGP ggﬂlé 385 of the Py R beto Mhe pet pitent of thisstendp 1o ingrease the
mﬂglglbts Vﬂﬁie)t%@ésirﬂ? higli&lﬁéluaﬂ do%mtxﬁ@g adtidaﬁ%ﬁagﬂleﬂs SaPd 16d
use 0 pr.odyce e pal yner sheet,  bu at an
%ﬂé%@ﬁﬁ%%éﬂ@ﬁﬁ*&f%waﬁ thy shest endile vasiop gepsyof dheqnethod, as needed
foivedttahd for@ahe fRetkeadi | y achi eved by altering
prod%&%kqg araneters as disclosed herein. The second

st ep, timyvegiignjaelpdy the fp guyiovs swbedimeyfyy ( he

SNDOtIA viaiduy BRbodiResk, th@ﬁ';}’@sehﬁnﬁ&ﬁf)@ ¥R MedY pdi¥er sheet, such as
udi_ng, .for exanp usi n

appr.opys.i at thod, inc . l'e, by

H@ﬁf’]@?@b‘%@? H*SVI%E % difgirne Sufags ith the Rost-gmbpsping yajues for Wland -
RpdRBiabeve( "The §rdsént envieiR@GuntheP Biclueda HElyBOShed:, a0k & '
S éfac pol ynmer sheet. The net effect of this

s of the .
WV@’%@ f%%‘?%ea@@ sPHaces Bifg Hisaegt-cphossing wlues &or Wiang R,
dfivghdoveral ues. One or nore additional rollers can be
used, bet ween,the, point of extrusion of the sheet and
t he VaFPEH &vepionssoripdudssp pefymenshesieigh s paly(yinyblytyral), -

lawthgloné 67 tWdSuFhRe Wwth 1R snS8Hhg VaMER B WNad d Y€ giHA Sbove,
t%%.fq%gomnn various enbodi nents: |In various,

RO IFeRes s ek coplaetarith gy otk fagsrs: bHbiatheeis asingls nphper
shB® @bt dispesdd idSnPRInidayd. Nyl butyral ) having at |east one
surface with the post-enbossing values forW. and R

gi ven®™ ¥Bulacm prte dhsresent/ayrofionwelydes rmultiglellaygr teglayer
foDise e fan i@t glass UeHerdds the interlayer comprises a polymer sheet, such as

poly(vinyl butyral), that has a sutface with the post-embossing values for WI and R,

given above prior to laminating that surface to a polymer film, such as poly(ethylene
terephthalate).
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pol yvi nyl butyral) having two surfaces with the

post - enbossi ng values for W and Rz gi ven above. The
w@e@sont70T nventi on al so i ncludes a pol yner sheRCT/US20061006357

as pol y(vinyl butyral), having one or two surfaces

wi th the post-enbossing values for W and R given

abovethe \pt'esem invettive ihayds anysmiymen sheat onmahmlevlayeh iragriayer

th t h t
iV ol Sucalh Bty B el B LT B R e R B bl
jpvadient | nvent| on i ncI udes a multiple | ayer i nterl ayer
f I d wWh
comprin Sarits RBPORS. f BB i Heliey 4 rpd Hiihiing o
rhultnplea:iy)er glhds @hndi,aswn@n&ng fstaciéngm pdiyméreshm of the ptesas invgntion
val W I t.
AR iR pe P i R < PRV el o e R pBer
tere ﬂh&haiw&m))odﬂnents;rthsmsent inventibh hroluldm:d meltﬁed afmakmg a
l. t t ayer

BNV HveE RS oty porpisoe AiHira et S e Ribsche
ipventios Besst@k withenp bes®E polyive filthoOdr. polyiney Slide BB rming an
SRR g i Ao Y Z s dp S sl e B e s
mmm«_glagerpof glmr Thb&qian?é cahl*befapylf Bpe Bflaminal edtglBn struttiie,

t.ack w.th r r.. pa
BREe Wga RO oo ReLF e gad aslpm ot Pripddclos
e ?‘o odn maitius embdmpits Sm’gtreéemliﬁvdnhom incldésudemdséhisle bhwihdow

ass coppri si ng,
Siopo A, S S BB Shesly S p RS o B et i B IR |
st ackn Wu}dns a_nbodnneﬁmrthae pllede;tﬂﬁfrenhbﬂl felhudes ?ﬁb&lﬁ?bf making a
0 an i.nt erl ayer en form
IR Tovgt leflal, ok Sing Forfhi # nelifsr b i b6t Suaces of
timp@gxirmwheet he&te\mfepre{embobsmge\ramem giver ﬂ?&e, elibessingBn pdlgmer
e _an §s. Structure,

$80 of Ené b P o pRECPAIPGR ARBRHLERIS I 4 griesbaying
thejpmmbdmmgnvaidﬁmﬁndﬁ)ovd andxlamumﬂsg ma‘poﬁmﬁmesmo tp6lymer

re r*gventl on..i ncl.udes, a wi n I d_.or

d
R oo B et oyrien e LiHp ag Brer gt

t h e [Fuetbermbbdithent Ium:tude ﬂmg@hspoe;md dihﬁ%k fwieen tidepolymer
sentlnvent Laclu od of making a .

sy ShE et b LR SESs SRR enst Sheeby crigag vith the

mmrﬂmmmducmaﬂmgb@tﬂe psasélft&B&ﬁh@f Elhﬁ%rrbﬁibﬁﬂiﬂients
t, have t enbos ue i yven aboye,

ARG R o e o et EBeetbelipn 360 ot ofgess.
&wr ﬁzahesxamjsle,rsema embbdlﬁﬁntﬁ Qad’ l&S’bl htose thiih GnePolyindee Eim, for
qump ga construct such as: polymer sheet//polymer film//polymer sheet//polymer
film//polymer sheet.

In a further embodiment, a construct having the layout of glass//polymer
sheet//polymer film can be formed by laminating the polymer sheet and polymer film
first and then laminating the combination to the glass, or by laminating all three together
at the same time. Any of the polymer sheets of the present invention can be used in this
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t he post-enbossi ng val ues gi ven above, and | am nating
the polyner sheet to a polyner film wherein the

w@ologaer70f i I mis di sposed on an enbossed surf aPET/U820061606357

pol ymer sheet. Further enbodi nents include |am nating
the polynmer filmbetween two polyner sheets, wherein
it difient) oml%omfenﬁ&t(al @ph&amms inofhithhbisphley hper ssteardlysisived, the

o g e e SRR o ey s B Rt SPHE ffer
thaiihe gblw?gv\;) filhe ugﬁiiﬂfslﬁ g}a}s@mgieglﬁlm&gﬂea;ﬁgrasshdﬁiogdmmlr ieIhBCbxn‘a
Gk astrbieizdfp ok e e BeidnL i STy s T BP9 and
cfoﬁi&eqﬁéﬁﬂ Bpﬂuﬁl defecfaRAtEndad osdie Whada sd@&h@&ﬁ@d pane of glass is not

|

et/ nmer r.sheet//
B poliizdyery, o BGTES o YR G Hpyention having 2

glﬁm $€{y;ei/q @tplofyﬁiér ﬂf@_ettdﬂmel paesgmtmﬁaﬁm@%I aed4 lzcﬂsadnyﬂmm the resultmg

e Q mer 1] mcgan.pe rne am
e e Lt 8 o AT Rt poLHPS TR boge DR aperor el of
thamlyﬁbﬂ dhget§ SRbhepsRntialdndion hﬂ‘oﬂhﬁpﬂivaﬁ&dudﬂibn byopucal defects.
| am all three oether‘g $ g%r? %1 \éx% ¢
t he y Fot SygRan cgp D5 used inreues disede it lngiym g8 eradien
ni6ifie, Gradicht mewib e deistt observe @ Mvwinditididd maRphithogidiens i n

BN e B SR SyRS 5L b S b ASAT

doekiaplet hathat=a)ear belyGvitgl b@lay) liyht. cCRiergridian (shidedppdry ofhe

f| I 1ﬁse egh:%}fﬁ\l ass/./ sh et//f!l sgéréq?’sh?gt//g;gp$l§tsamndshleld
agmnfa&d alpoly(dilyddne deroptittealdté)gieh b s%omr b?ﬂécnsﬁ nlﬁrﬂas b@sbd
ef.ormat j on .and consequent aqptjca efects that ten
?é‘%&ﬂtﬁmﬁp esé?lé‘??cfﬁﬂal’l?eﬂfﬂgﬂiéﬂ’é Wb‘? Y-glass is not used
to s uﬁapmzaﬁdne 1mwmﬁgmbﬁ¥,eiy|8s of alha«ﬁgaﬁ's mamkisi obrebiea
re t Jnvention a S er, ol ynmer .
SRt selop watin Dbera oo meon ook S SR, shogtysing
the fiathol$\6f thé'l;lireséni iayekion Wil ref@t) intaiods &fboliirhatas, h a product
wﬁéne{; merfl m bec usetglﬁ? usglgrlor ualtle
B SR e piss i sSSP ssapens mipatigp g th
pdlmnmwt h@d&gth ¢ @ﬁ%l@ﬁt 118@@1&16@58&%}% G;gm or Wﬁoﬂ&oﬁ?& Myers will
ention can further bhe to reduce the de
R & St e R tle, Apsadipelnthe Breninyectsn ekdey
dﬁhﬁbﬁhﬂﬁt‘bl mmgmhraciﬁlymkl ﬁh?elefmﬁ!@a %lbﬂ'gr@ﬁ&ﬂ(hjﬂﬁ'ﬁdlﬁ&ll afc(cu%dmg to the
and si.m | ar rs ere a dar ol ore
Pl s ertergon, Bt D el et g panels pgeporating
n@@rﬂe(r‘ﬁhemslthhqﬁwuaéd) | ayer. The gradient (shaded) part
of t dca exh i formdark and
1 oo RbOM et Fal A LA At Wch 4 Agray Symtlitecturl
colirédlamSnates mhy(vﬁh iyt RE cle a0 Pidhahal @blytmhynbﬁ@fal)aﬁ lcaritact
@Hg tlonld_g(g case, radl ent rmttle 31
a%?m’ﬁ pogedhat iy s lar to gradient mottle.

Various embodiments of the present invention involve architectural multiple layer glass

panels having multiple polymer sheet layers. These embodiments of the present

invention include methods for making a multiple polymer sheet construct in which two or

10
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In applications in which pignents, dyes, or other

agents are used to create a darkened region within a
wowedsiizet d, for exanpl e, production of the poPEIEL2006/006357

sheet using e nmethods of the present invention wll

result, in various enbodinents, in a product with the

above-gi ven pre- and post-enbossi ng val ues. Subsequent

| am nation of the pol yner, sheet haV| th r d'ent in

TROTG mabfgleag@éﬁw&east\m@ pif WCWStPﬁ%*F%‘t %&3 GRrpyent

ihGuba, abdstakELAUShh&Riffond ﬁ@(ﬁh@nﬁnd"%ﬁbﬁaﬁy aReBRice g ayer
the present invention jnclude

iments in Mhlcgnﬂh
96t rRoly(ehlene tirephhalateland elass Kueramndithen Jampigpied o a tmished
HSARL diRge &Jﬂb&'ﬂﬁedi‘?é Se fo JobRviR f/p&ﬁﬁal)m\@s@hﬁpsheas that

as multiple Iayer | ass pane

s i ncorpor af Ir?F
%@1%6@%@%0%@@% d ong, ot heth ofihe prlymer sheets can have
ARl bk @ﬁ@ac%tﬁﬁfetpk@and\ff%tfe&b%@dihw GiveR elsewhere hercm and

architectural colored | am nates nade wth | ayers of
%PéﬁPm%ﬁﬁﬂEmeﬁﬁﬁTéﬁaﬁéﬂy%wm%§¢aﬂﬁ%JFQ??rP%b gkt p polymer
Sedt R BR Gt BentidrAPIRH & i RBtaB WRPRREHAPS SmédbBbet] and

simlar to gradient nottle. Various enbodi nents of the
wté%rémmemf&%w&mw%%%m ectural multiple |ayer
gl ass panel s having nmultiple polynmer sheet |ayers.
These enbodi nents of the present invention include
?@%¥Qﬁﬂ35¥ﬁ4naklng a multiple polymer sheet construct

i N whing BokyWRr ﬁmsr@f 1BRhMWIET KL San Rlany gﬁﬁb1emneﬁlasuc
%@y@h i S produced { t he et hods of the resent

iy acrﬁwetgw@a%}t%e atp prriopmance epbansing lagerdn yrligiayer glass

R Els. ORL Vafib @ driybodinR@ksy 1H8 F)olfyhiefrﬁinﬁwsaér 1$UeHa Bsckness of 0.013 mm
pog%(ethygé tere ht ha

ate) and gl ass | aye and
Rl G 94%3 d‘“&“??ﬁl%‘ﬁéﬂ &f@aﬁ@?mﬁ@é@dmfﬁhﬂ

1@5?6@ Q6 ic AP sPtRon SIS Y sufffcetidRied 6F &{atéurwim;kiu&eydna loy mbiselqﬁopemes,

sheets_that are | n1nat d ct with ?
%ﬁ%%%?éﬁwﬂ% infipge d%we Ctiofe Tse PO Bfogmangg layers
ﬁﬁui&: Q:E%x&ﬁplb Qf ulfillsfen@fdk fot ﬁefle&d\%% 1@2@1@;@ Bélar radiation and

0S e Qs. ues giyen e ere herein nd one.

HEtre Bl {eﬁ%hfp% Faposed povalight Thig Fwtt- @@eraf*aa% own in
186 B (se€ THOSaRBR! WO 88/010BY BRd USheabntaf 79 hﬁS)Qﬁl&%Q{‘éompnse, for
i nvention is disposed i on act wi th anothe po
AWRE: ong g MOLT AR Oﬁsmﬂﬁne °§’é‘§r%(r f two)
s!étluéﬂﬁﬂly d%@bsw&,%pﬁbdw cmﬁrmlgmwaﬂd 1hy8rd. azysei& aﬂ;@kﬁiwv(bee, for

i n f e .t her tlc fil

e BrioRAR 0D R dpadeish TR0S e el ShRRR oLy g
éla:yxafauy Fesi¥tihtd Iplated tf@mﬁo@ing ssdﬁaggethg%f 2o a360¢ihtodi Slass Iayers
enbo %ﬂ} gp hg ner f|| er. 16 has_a thicknes

of 0. e B1 159 i s Bbeiigity inosRan et
dhfect. aafhcérﬁ ofe 6 oithe hHi@ cpObydRifoftatlykeen by the sye of a partlcular
observer looking through the layer from the other side), and usually bas a greater, in
some embodiments significantly greater, tensile modulus regardless of composition than
that of the adjacent polymer sheet 14. In various embodiments, the polymer film layer 16
comprises a thermoplastic material. Among thermoplastic materials having suitable

properties are nylons, polyurethanes, acrylics, polycarbonates, polyolefins such as

11
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performance |ayers include, for exanple, a multi-I|ayer
stack for reflecting infra-red solar radiation and
Iiomaﬁgmehé lcemlwseaacahtes dridgtiscewtes)vieyl pbiveide paymen lancgd;upolymers

N e
smemsrrbseetcﬁddrﬂlméﬁpm@ fl08 Bavdig e nﬁe&m@pemmwmmmkude
e
gyl @HHIl 1G)! (L:J Mswafgm&ﬁhm&é@gd@(eﬂimml tezéphdﬁl78 a;ég(ﬁsrusecti, axéd in
AP espognels e Dlsditon b ipu i Pet bep Dipch subitao
vﬁtsﬁﬁigﬁl, hﬁ’c&h&%d)leérolgeadﬁibi_rl%ﬁ tgodde e slﬂ.gkd@ ctrmfrimﬁ;sucs
R T LA
ﬁhrﬁrmﬁmﬁ@hanRHC)one side of the |ayer can be
conf tably seen by the e of a.

| ook iEORHRatEhe I RoRjsp S hon oo e Sgpiatate)

filg kBt cyin b@ﬁsea vathehd gresent MV@mBEazemtwld’sdfmﬁtpabhshed European
g nlfl%ﬁnhlg gheater, tensil e nodul us regardl ess of
'Bﬁﬁ Fan NG 31030 ¢ hat of the adj acent pol ymer sheet
In various enbodi nents, the polynmer filmlayer 16
?ﬁﬁﬁﬁﬁﬁﬁﬁhﬁh her nopl asti c naterial. Anong
materi al s having suitable properties are
ny: OIthe ffcnmlv\ymg @Eﬂitaﬂﬁﬁcnbaﬂhy IVhIﬁ‘(ﬁlsl nﬁtﬂrilﬁllsallizh @malbeafsed to form
i N ch a ro ene, .ce os a
B el TR prent B PP B Sesd* 3h oS LUy e
Ilaﬁﬂerﬁdﬁ?géﬂﬂk«ﬁanliﬂteﬂ@éﬂ ﬁuﬁe@'mdlsmﬂﬁs%oly(ﬁﬁylmtyyﬂﬁr film
ayer es. materials suc re-stretc
t o 5B Rl i SR T SRS BRI|E T bR
émy@hlwgﬁhxﬁfth()&&fo@[ 1g1n lﬁ{bﬁr XA rmke@quef I)@tabl?]lh Hmlﬂayer in laminated
tere al at e olLy(efl et t hal at e
% EBreotpe T vsof Fitetly IR eSO PSRt PRI R viny
Myrap)moh@b@dneﬁhat 18 rétb®@d fromcthe miktma maowsmwmmdthaaém Ratalysis
ht hal at e) has heen b axi al

eth ene te
S SR ot & PR Preson e Bantl Agigpatly have
&het bmhpmdtswacnﬁﬁw td ehel vyn&hd rfblﬂ%ka@@leq:bﬁl(ﬁﬁﬂﬂmtyi‘iﬂ), @6ch as

te ur es . less .

s S Rt AiRgB- s el SR 0L Bt By bl iRt gin
with 4 pladic)zer A{ﬁlrdpﬁtiﬁaugr@aiet agiaesl surface treat nent
t ech ues fo t hyl ene e hal at e t hat
o ot giels o s e becERgs GRIGRT huptadiEhe i
intenpiti hidshe thclode OPREIA b pecAthedvdiion.0157030. POLYMER
SHEE-E'he polymer sheets of the present invention can comprise any suitable polymer,

and, in a preferred embodiment, as exemplified above, the polymer sheet comprises
poly(viny! butyral). In any of the embodiments of the present invention given herein that
comprise poly(vinyl butyral) as the polymeric component of the polymer sheet, another

12



10

15

20

25

30

The follow ng section describes the various materials
that can be used to form pol yner sheets of the present

W0 p0oeq9i7oh as shown as element 14 in figure 1 PEEUSIVOVE6357
properties useful as an interlayer in safety gl ass,
such as pol y(vinyl butyral). As used herein, a
enfboliyHERL is &i&&ﬁéd innEeistha wlymf JoREonQN BB Htd dfon cdmistie d

by a UIt met t.hin I er. t hat.
oSt b Doy B in fttecknthotinents, el biatShs i o
ﬁﬁihué‘st m&ﬁﬂm%g :ﬁ&sﬁtﬁfb@s idB;E:bde hefelre@inbe usedfveittsthée polyiner sheet
msrl C or,. ex vin nent
it Tl et O BT SIS S ere P d i SRR e e
aci d I erictimbdilitnei) m@mm gledat cdihﬁiﬂsésad pol;lafxer(bﬁsedfontpbﬂlaﬂy
r i.Cc ur.s ra ot her
RO e P TG Iy motpet sabosimee pgerpac s pises a
ﬂoghge@h yemydd fhosh the grdup cdbENing Bf @xﬂﬁi(tvﬂiy]l?ﬁmyﬁm ﬁdyma}ﬁ?le
(o0) er el ers (0]
ST eiside, plf et et sl bR tihg tsfhoh aHa fegike. Tn
ddne Iambo(ﬁﬁgmh fihy gaymElOéhymmE@ﬁf@e ?ﬁlymﬁ/@ bﬁityial)h én mhtec esses d
I.S ose er.eln par (0] (5 e n ve 1.0 n
SRR RO O PR REPES e Bl REY A RS
@ﬂioﬁﬁﬁhtssﬁmﬂbl )Snelﬁi)fshéeh eorﬂ;ﬁrﬁssi‘;ﬁﬁly(lviﬁyﬂﬂitﬁf o.)) amd hrcTabQﬂ mme Sifter
Sul e (0] , rererre e od
R, QAR LAY e o iyt o A L pesRr G glko b
ped. ﬁﬁ\anynﬁ thé)s&wnalh)arelﬂ i valiigh piéfeiré‘tﬁaﬁg‘éé OGIuEE, rﬁlﬂ/o@fneﬂtxb&s are
resent t i0 el n
s sohicol B po i BE el ot 2nd SERHIEriation, fo e
p@@h@iﬁm chlnﬁ@fent RARhRGES THMAEEIE) tu]lcd chalatetidtidemhidting\Waiities),
r CcO nent .consi s OI‘ consi
S aREr LA B Piatic SRS 0 o0 oIy ARSaStymer blends
cmshﬁl eﬂdﬁmﬁ 8 usaﬂYachfmﬂﬂaﬁeﬂtéiiﬁll palymeg Shekts, addi tives,
I NC I N as i Ci Zers, e er el an
wi t hYPH e Ry BuED. e PG Dot g be
poduead 18t Bioivi gcaaﬁﬁﬁ&n BbtegsethapBivbive ftﬁbtniglﬁoy;f(ﬁhﬁ aldoBol)

B R Sy R R Rirenal Hpary coraGH OLPRBHBI ) ¢ I n

lﬁnmizatoneifmimf@g seﬁal’bﬁo@,@fa%ﬂﬁﬁn@bﬁﬁtdrﬁﬁgfbf ths esind
pol yner sel ect ed frog% u consj st

pol y (VYFPPS BeRaraems. ‘é’mpﬁ‘é1n§\?&g(§/‘fmiél"?fl‘é’ﬁlhe

qbﬁipﬁée@tlhlyd_ Welg‘lhtﬁjﬁfceﬁtc(ﬁ% a«gﬁiydrd)‘(m‘@gﬁrﬁfcbll@ﬁlateﬂ hepapfviny
n e . ne_ enbodi ne the po
b8 eS8t gt Brhm Bt caopieida s gph Bt Abhrand sto 2
wth% Hyadox ol eﬁhﬁ@t@ﬁfﬁi 1b63§$m53‘1 :ﬂﬁihbﬁ] mﬁ;lxﬂﬂhyl(shﬁa ¥hn also
rt her 0|rrenttepo sheet o

B e gt T ST Mt Yok O3t 7 Wt %
ol yarer tess Dab @ IWt.F% Iresifmasesteagtongs @lchlakddab ka&y@ingls@etate with
‘rfxe baa?asnlcé e?rrx]g etmeac tal, pre&lergbly aaidsegycgeacetal, but optionally including
other acetal groups in a minor amount, e.g., a 2-ethyl hexanal group (see, for example,
U.S. Patent 5,137,954) .
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used. In any of the sections herein in which preferred
ranges, val ues, and/or nethods are given specifically

wo evsoel7y  vi nyl butyral) (for exanple, and w tPOUUS2006/006357

limtation, for plasticizers, conponent percentages,
t hi cknesses, and characteristic-enhanci ng additives),
t hos ehr‘@ng@se@odmempthy polyver shesimotmiptisds pely(tinyl bhiyral) having

tgibgécuﬁpwgﬁ{aleaa%%b ymop%(gélfésﬁsdb({%gk@&)d 658620.086,

é%@@ﬁ: Aeheen, om’qbﬂ*astﬁﬁgo%gtay(swmble Kg/topleair Daltodsp Small
é 5%' aﬁ&'éh%ﬁéj‘&)mﬁ y?ﬁ c@rﬁg%%%gdgﬂyduﬁgg Wl acetahzatlon step to
Ceta I zat1 on processes

nvolve reac

psrepsd molecarorsighit Jo 4t RS0 g [seb,libwraindbhvﬁePatmw $.802,464;
RIg92 @gtfq 8@%& Sg% 24‘54q7§)akgll¥ zcith’er En kleQUS S D¥ecvtar weight” means the

neut’r , Separati on,
sietelt average impleculanveighty iAmy Soi‘talﬂdrmeﬂmdsq:an be usedvta piodues the

I
Hi?ﬁx ﬁéé}% 2%%1%][31% sdnf Qﬂongz)%%sls Sﬁs{mablé proges P(% V\%r( %ﬁ(g
h?lalfw bu@mbwpssknoamamﬂmmlm mﬂie)a(t\(senyfoaémm V.S. Patents
V%
2205 o ZSNBEP T i RS S Sl ifed @%%Xbﬁ?i? iice
Asetaldtojyrnersy|in Eheyoloptdia oflfméymﬁl Spwace & Heettnoloay, 3! elition,
% t
SO & BapE 38130 By B Waae DUBT bl sy ol ot
theaauedusumethpe désdiilzed thatin lcalgbwp& Baly(@inybibutytaB és commercially
vV b b t.al
SN e bt DRI ANE R 5L SRR M RESIAL
Bnbhﬁﬂuﬁg ot her acetal groups in a ninor anount, e.g.
h I f [ Pat ent
2 2 b USSP 5o L% BB ) SR
mntpiron&aslu?ng ynt(dumn ydgtdw pywaié%% aaw(gd; g%cgmagieaﬁml salts.
M3ttt B35 an 78 vt griniDise Gmbod sy 0bS Pisrendpin
BELQ (O ge aodingpied tohoae agélmlden ULS. Pateht@3TB®B,4728atH as
Al e e RSP S TeRomogteSy f otoiseonio.
wmpgresiymati- (My@hty 2-&&[&1104&1&68,8&31&1 n%ﬁes@iui4 81 b;ﬁ@gﬁfzyl B@t&?ieé)l(c]é%ngncal
%@% ‘f“?b‘ier RO92 81 B RS il of mfg‘iﬁﬁ’f“d?"%%ﬂﬂe
magnsmhhmumﬁﬁgmmmaue%egahﬁmm@ﬁmﬁﬁrdmelg?h Any
t t can be roduce t he po r
St SRS B GEBmpS 1 ottt it Sbdnge i Bpgmance
lprad‘malslsreéﬁﬁ Ofléuctnaﬂdmges edlydeybut yite doutimited to, pla:fexciﬁ&@ Vdiyeb,0
ed. in ee, for
x{g%%%ﬁ; iliges (eo%’fhg?w‘ﬁ"q? ?@126% q’ﬁ?ﬁ‘aaﬁeanehbala?%m flame
tehedagts] FRemtsorbes rothbtadaisidi eg fml&gélhgl yddithes,taadl tHRodkY "R afe
lh%w?.cﬁf%ﬂpedia of Pol ynmer Science & Technol ogy, 3l d
ion

l

In various embodiments of polymer sheets of the present invention, the polymer
sheets can comprise 20 to 60, 25 to 60, 20 to 80, or 10 to 70 parts plasticizer per one

hundred parts of resin (phr). Of course other quantities can be used as is appropriate for
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Vol une 8, pages 381-399, by B.E. Wade (2003) can be
used. In another enbodi nent, the aqueous net hod

walemenitied therein can be used. Pol y(vinyl butBCHU$2006006357

commercially available in various fornms from for
exanpl e, Solutia Inc., St. Louis, Mssouri as
Baet pagticglanpppliestion, Iia/mm&m&boddﬁm& the pastidizen hasrgigidt@aban

REE e 0B A 05 150yl Dl B 4P 0 s

magne$heiamewt bﬁplasmhgmssm beracgadtécstotaﬂ‘attt ﬂmagiasb Eranksiingh tampéiamre
t | ude

T S PRSRAN BSl etpisR i ish e e EE s e

% d28:anhe Tgudiy@myhtagyrel polymeadhieay béthe prelmg hwsitiomcan have a

e P iRy o REls Tty T A AR Ee b o1 SR 9P L o

ﬂnskyrat e)(chem cal abstracts nunber 79992- 76- O) In

vari o n‘ggf t.s o res nvent1 on
magne CPgs cﬁﬁ |t% g‘?l’é' re5the 9f Bﬁesent
Mﬂnﬁdn\&ﬁ mdmo fofn thHe@olyRRr a:tee«d ngtmliemlsminmolﬁﬂ&%heets of

6 RS AR e St B S i A

phasg mherlz esmtabtéy;e&b | tlc@d:rgﬁﬁlﬂlﬁé,,foﬁdxa%plel ﬁ@@leﬁ@ﬁl?col lih (2-
avi ol.e [ rs i oxi dants nti bl ocl
8@8 a?@r ielvfese gﬂya‘im%z- tﬁﬂﬁa@gﬁi@eﬁf@ﬂw lege el cihigptanoate,
maethﬁeﬁeagm@:n dihgptasteiel diihﬁgyl adipile, tdhﬁt}il a&npzine dféxﬁr ﬁ known
t.he .a n vari s of poly sheet s
Pl it el ot Benoyl g R b ity dERBUDL Adigate, heptylnony!
adlmfte I(BIm’c{el&elia@atG Groly2ieric @labhikizersuke® adfle ofMinolified @e%@m alkyds,
GL IasiI péetr grﬁédone hu dr d parts_of resi
Bl icated o hford s Mo aen o er Gieclbsed 1N, U NG 344,890 and
agipateyucinbsadifcdstdin (D.8r Pat. QY. a[ 1420 p7 a6 @ini@ives 4l >@Bhations of
P AREalE G’ BBl et wh6 o e gl s ot Ca o Cs
blylicohbia randaydmcmrclaﬂmlsharmsleaﬁwmm SfPpINaS 51088 799, and
t he g ass transition
?&ﬂp‘gﬂra& gfﬂs{l %‘Eh"al‘%ﬂ“ g plapticigey is
geﬂgteabglybblgﬁf(n eﬂﬂlh@ﬂinﬁat@)f pI aStI ci zer are added to
decregse yin I (al) ynmer sheets_ of
O ARG ol Sty Kot snd plobiciack abfiig g b thrrsly
ﬁﬁébssafsd dnessnﬁg%ﬁé&mrshéeeﬁﬁmbaa&ﬁmj lag tdt 9&EedsZ866n Eb’thbs%%‘f
ang abl e asticizers_can
adaet st?(gj)’lnﬂjé ?fgl“ﬁ}%ge ‘éi[i??é“’B? ttwrﬁ?eé%%ﬁﬁnheﬁﬁé?ﬂel% prder to
pmdmedqmlymbr Kladenhdvixg; t@@dlé,éﬁta’{ wHHERS MdexPhSblghhds v alub $RE to

heet
embossmg pané/ exemp?ary met%og of forming a poly(vinyl butyral) sheet comprises

extruding molten poly(vinyl butyral) comprising resin, plasticizer, and additives
(hereinafter “melt™) by forcing the melt through a die (for example, a die having an
opening that is substantially greater in one dimension than in a perpendicular dimension).
Another exemplary method of forming a poly(vinyl butyral) sheet comprises casting a

melt from a die onto a roller, solidifying the resin, and subsequently removing the
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the present invention can include esters of a
pol ybasic acid or a polyhydric al cohol, anong ot hers.

w@iovam7e7 pl asti ci zers include, for exanple, MCHYEMNE006357

gl ycol di-(2- ethylbutyrate), triethylene glyco
bi s(2-et hyl hexanoate), triethylene glyco
sblidiEiet ad30iPds@, shé! Iraﬁnbyé e&ﬁtﬁad@ﬂxeﬂfsoihe @blyﬁfet ghizeiatcan have

i. hexyl at e oct hex vare
Ditishes el LERSs el p 30 SRR 07 th 47y pillimeters, and
admpas@ﬁnmﬁknggm@nyl adi pate, heptyl nonyl adlpate

Iast|C|zer

di butyl sepac nerlc
o 1 ke R BAe e oty rtioR R ks it ge of e pilSmer
ioh a&e@wﬂ@qir@aﬁteﬁveﬁmfumoséa B&bia seshyi d’(bniﬂuﬁuorf’at
No. 84 90 and .adi ates uch as dlgglos%g i
Pat . 16"4 Presgntjuvention inelndes aamigatad safef; %?"8?%“‘6’# alayer
bf@asg Q?}ﬁ@ﬂlynﬂmpﬁklhg El%h@én&ﬁlglfd aﬁﬁ&ec}l Eﬂfonﬁaﬂl wileadysfthear e
n.xe de from a al. co
B B e o oL Bt FyeOhcs Hoehor guded is a
ﬁn&ia&d%mty aad cgﬂpﬁﬂn@taﬂb pRk® o€ gl ith @Mﬂ@@ob@i@yl
ate one enb iments, the p astl

@F"F 0?881‘“ %&P’f%*ﬁm‘f?@%%fh %H“é“} éetwe
poly é 'Mletflt‘héselhlifl?ﬁhﬁbﬁ alBinylBds vﬁﬂ&hﬁlcf@s&mawg @nc?skﬂeﬁhﬁﬂmsd
can be er ma rocesse confi i nto sheet
lassproducts F&WH’@SI%/%M 3&%83&3{6& ‘i?ni HFPS?S&?%Y‘W"“
ski | I'Varfout bﬁyﬁéﬁ sheWahWofmﬂMIgiasmiar&feﬁsﬁ@ ahffheasuring

rocess scr bed abaove in L er to prodyce a pol ymer

‘i“eﬁ heesgraled fusg Y eSPRJRYENEAR r oughness
val ueAPiised® herteﬁa faxaamese, Rgex” O EWEXSIPt AU AR 4186 RFR,”, can be

form.n butyral) sheet conprises
W%%%ﬁﬁ“ﬁ%?géﬂhﬁgT opingnyl butyral ) conprising resin,
PI aStT(Qde!@lmneaQQa w&ntbw 8Sm(te E@ifzﬂf@cﬁﬂ;ﬂ:istwiﬁ&i lsoh\m&)sheet is
0 or exa

Vﬁ% afﬁ%lﬁgﬁﬁﬁge stﬁ%fgﬁg?% f%naaer?\yﬁg F’é‘é’l‘%’uﬁg gl

di vﬁ’aﬁﬁil 13183 ﬁshaamgasefa tc?@ﬁﬂ@li%aﬁ@e&%aﬂétmﬁﬂﬁl btg B%rfacélnﬁtﬁkﬁiel Ssp
ar 0 ormn I ny U ra|

Brrdotetep 1?@’2@ %\&W@n%mﬁ%ﬁl ﬁffacuag #vlyniayailpble from
Mahi Gdge Co0/Neh Tk ﬁs dsEPold@Sétly medbite %Héﬁﬁﬂt‘d@é'hbhyhness of each

nmoyv t hesol i di resin as g sheet. In various
aﬁmf&*ﬂﬁ%ﬁﬁgmﬂﬁh Br iF?F@P"%ﬁ SR awthsv*éwrﬁ?vék%mg
ﬁ?lu@mbvés@u%nﬁnﬁéﬂy' deroRé Bk §am&e &ufaee 1 1dinl dflml ats,e is17.5

m I e er S

25t0€é5}m||l ters, ? 3 to 1. ,
EHHOmPRF PTT SRIYSHE s wriRg eﬂg@gén?f 31 P@hhe Feafuging length is
$1. 8 6lSardis Esthpdsedbf BEY nhsutin@leRSh YBRIned B ERS vkl the first and
gﬁ ets of yﬂ}d&resentwagyégtlon di scl osed hereln in

Jrot SRt sNerape TRt tndyidngl vgiinees daihsn Hspe five
benGdntidngeBuri TRk, 1§@e‘t@irm1ea bASR, 8 @mbﬁg@@f t@n kaper

f gl ass ally co S|n .silicon, dioxid
el SR Eue e o gionohgtsion (MD) and fve in he
cross machine direction (CMD). The dlstance between two consecutive traces in each

direction is 3 mm, -
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pol ynmer sheet//polymer film enbodi nents of the present
invention. Further included is a | am nated safety

w@bk@s®Iwonpri sing at two sheets of glass w th BCHUSL006/006357

t he pol yner sheet/Zpolymer filmconstructs of the
present invention disposed therebetween. The present
| nv enTo dsteratiren wmﬁssdﬁﬂematmbsmmlmks?erﬂmmdwmfemddo above is

fi I t .
STt bbb e R R B gL Ao R afd pifpesing
mgthaﬁ%nmhmsedsthﬁms Adiremedtam nat ed gl ass
ot Fiscly i i Bing 0T K so Bt AN B Tsmuringd S e
bes eid8 mihwheaburipderigithans eligﬁnathﬂ) Using a digwakghﬁu‘nl];ﬁﬁ li’rolh?d plag
r "R ", t.erm ne cc ng t.o the follow n
Hpmadion;in i Badkor 1 STbret: FEERAT Hatinet Agpu iy ee Sk
}ﬁioﬂﬂ;}m Eer&eﬁleﬁ?isptm&oxﬁMI@tfedﬁ afdompaer. mnaravawl porfonaéd; with
at ul t..roomte ratu clrcu
Pt Bl e i i St URGIoR o Bugifcs i the PO
mnfﬁh@d@g%rﬂ@ﬁh ) Bstaﬁd:eade B bk A@en twd d@ﬁ&htn%aﬁces The program
gelrégho er . w.t. q}ﬂ K dr| ve unit an RFHT
P A RRea(, yhig \?é? the FORPYRIART B 1@)“’"1 rcin,

Yarmpijtesi asingbeW1 trﬂu@lﬁmehd mpmwrt@ tsdaesat surface
t.he tes Profile

rough of, ea e o | e.
sel ec&g%ﬁn Vgluggf&‘f’(% ?ﬁeogﬁsqeﬁ%oflpﬂ fj am drom &, ghepifhat
$’|[qs;det|il for mwhmafcaumahh ¢1d.ak then aalm@ﬁéd Hmeﬁgﬁg I1 go 51%4@1% A¥Evalues
e |le [ ach frace i 0
F% oty s sl Semlieiborius oot 3 g ! i g
meas UFiensgmb eﬂgﬂkhdng cdn?b@dei’m}nﬁldaldmltﬁe &;@Bﬁt&sﬁﬁh a@{z aﬁchtﬁs @dlgated
urin obt e ting the rst an
PREMA, P 3R e Of RO apisE oiee o1 Trammsthod tfpanimboture
arglbyé d@i%‘d ﬁemtdﬂshml Vﬁrlbﬁbaﬁ!ﬁvoﬂi(ljfﬁwsgﬂié@i?sb@ invERAGH) rﬁ B8kt 90 of
S rm.n is the. avera of t en
o 1H0 v Prtatued FoRthin 3G 20 e tvhrapner RV /s of
ﬂleraeﬁhgeow- Oﬂ%e:ﬂ};reuﬁelfage HVBre aif’lﬂe £veva<ge | dg 1184 6F @S Sverage of
n nce
{73100, R, i Bt iealeli g 3 Fafurs for a polymer
stettosarficeds giverbiviantas, axlléiaeﬁ@()\/cﬂ‘khbelo()%l)xes éﬂfzﬁnéaqlhttﬁko met er
referredto abov t e sel ection
e Sleh o8t Sl bR gt e gl i Lol b varage ALt Bl
ifﬂungth of 40nm are used for this measurenment. The 40mm
measur.i.ng, | engt h osed of five 8 neasuri ng
I engtu(ﬁsén ﬁgb‘{% °%§E %‘%’i‘ LB SFigP SERigh Resitigns for roughness
&t bsfollatve dilter: ussh IT@ofﬂeE& g%a athz @uﬁaﬁwhr fiy.6mna \nk L&s
n the back of the_ Pert r
GRS L TrineSs BGOSR b e el PRBOS, Profler W, LC: N 8.0

mm, LT: 56 mm, VB: 625 micrometers.

Polymer sheets of the present invention are also characterized by their
“permanence,” which is determined according to the following technique: For polymer
sheets that are embossed, a polymer sheet is measured for R, (R, Base) prior to

embossing. After embossing, a second R, measurement is taken (R, Final). For polymer
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fromthe Perthoneter is electronically fed to a
conputer. Ten traces are perforned, with five traces

wo 20061091707 t he machi ne direction of extrusi on aPdI/Ds2006/006357
traces in the cross machine direction with a distance
of 3mm between two consecutive traces. The program Sub
SreetstthrDatead) emivissdd airsudhoed etbannerhéng, R, piker andededignite R,

R e S o S SR o
a 18 fieettindterpqhayermimpld is thea xanfpdre tHerpolynr shreetA 1dhadntinfeter

sized .for .use, i.n.a car.w hield, is th conput ed by
SUBRRR G 5 etiele Bl & acsond svpd Beme et bt v
hlc:ﬁqoh‘tah WI \ mﬂllswid”th@ﬂ@h@ péribrﬂ:lb@' is ?thﬂji smalfer fﬂﬁﬁ‘ tieiRBimer sheet
The s cal cul atj ons, ca e, perforne the o Sjt
G T e 3| RPlecs B aloBal grohepo v e bl
ﬁ%nxi aindlthfen lanmihérfseatigﬁ bf] p(ﬂg(uth_tyhan% &mgﬂaﬁg ﬁ}m istptedBidiaist
of, man cture and the_ desjr product. In variou
EOli hseh, £ sgronflttems e Plarsd navioR Bhbe pberaers, o Thy frames
tula ¢heh@anvet u%sthemmlo i 'bil!idbrfcﬁbsl. Metﬂmms;) a?[d pol#fdh Bfenitdeis t?en
verage of t values, +/ - of t average, +/ -
BYSHRE pRtbedgoin o STpiioRs profo0ic) lhersveinpl, & e fpmovsgond
alfoveddo eacdr AgethafR,vhlee is0Benvddtdi@ned il tassol@hdtShavt Snple (R,
i(wj ated in a claim when a "W value" for a polyner
sheet” surface is given in a claim at |east 90 of the
100 vabmumsemsbtai thadbd detdridéhedBetligg0 e PIOORE Formula:

descri bed above fall within +/- 20% of the average of
the 100 val ues. Using the above-noted Perthoneter,

ot her set-up switch positi I s are as
follows: Filter: P@@@gﬁfﬁil&f&{f(_ﬁ%%@% 19 LT:

17.5 mm VB: 625 micromnet Q{Z »ﬁ&‘*@%&% t he set-ups
are as follows Filter: GS, Profile: W LC. N 8.0 nm

LT: 56 mm_  VB: 625 microneters. Polymer sheets of the

pr esele claifeefia rolymer shegh, god patiewartyer nokeuinihbutivel) sheet, can be

dREmMIRE 95 DRasurith 'tlféhlakéva?lfet, %ﬂl%eéj Lﬁﬁl"'ﬂ%{aﬁ{)rggﬁﬂ Bt hdlSransmitted
follow ng technique: For polyner Cheet < At ar e

el Siedhech e nerent e ean Hegnassired masordingrto fie flRaviBms e)
RéHnRfue! An@PPLRSSS ﬂgmeéfu'riﬁé e %ﬁﬁ‘t’oﬁﬂazeaa ﬁgﬁ% ,Ff\d del D25,
measurenment 1s taken (Rz Final). For pol'ymers eet's
Vhigh isgvailaglsdromnHsatecdissaciptet RenionsV Ak eanreaisehin, acRedarice with
ASK L gl i d %Y he
R el 1 2 D020 o D ol ARG oE el
anetert? degiges. Fevasipussamhodimentsltks fresenttipvention, pbreoxhhpreis less
1R YABEssTREEI%, a0 Hd ﬁﬁpf%net er square piece of

ter epsht a

pol y(et hyl ene ate) is placed on a wood frane
resti Wa@esmn can be measured according to the following technique, and

where “pummel” is referred to herein to quantify adhesion of a polymer sheet to glass,
the following technique is used to determine pummel. Two-ply glass laminate samples
are prepared with standard autoclave lamination conditions. The laminates are cooled to
about -17°C (0°F) and manually pummeled with a hammer to break the glass. All
broken glass that is not adhered to the poly(vinyl butyral) sheet is then removed, and the
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hori zontal surface, wherein the frame periphery is
slightly smaller than the polynmer sheet sanple. The

weoiogner’0sheet sanple is then placed on the  PCT/US2006/006357

pol y(ethyl ene terephthalate) film, and then another
section of poly(ethylene terephthalate) filmis placed
emeunt tofi glagrdbf) adirerssine éte.polk(dmd dniyrdly shewt is wsualig comppaedkdith a

t (o] r layers. The fr s_ar.e then
30 st 1 AT o o s T B s o oo
pentamretheresl e thel pply(dingl vetyrab) shee dIn particuitaroh @ phmehebatatdard of

for 5 mnute t 0QC. The S i,s then renpve

L6 3 154180 athonert0 B po P ARBET] sheed e plminel S of
det 1809 afelek dlaxs réﬂm&nmghgrgdefo W&(vﬁﬂhﬁlitﬁg.() Bieel @0Planinated
Per manence.can then be determ ned.according to

B R P e Bt Semion B0 ol RS Chve B opirgeh i least 5,
3t lehdt 6, Idmbtr8abi)leas{ Raor BAseherdebodimadritd haveh pampel het®sen 8 and
.and particularly a poly(vinyl butyral) sheet,

"Get er ni ned by neasuring the haze val ue, which
i s a Tuhyellbwsas index off a polghier sheét chk BemBhsutedAcddading Bhthe

SRS Pt Bl A TS n AT e o e B el

phlgmemnosinfacef wiidree esbigialyplass gndacie]l, BRFornwddi The index is

T T M R

Ieizy pf Pnsicedivere spdotrephopnietd cliphti@mism@Gianad inahe VAkbRsp&Erum.

le of 2 rees..ln various enbodi nents .of th )
¥ ey oorferlsat S (skheis o esoastied presinen hiknssy, I garious
tnbodiBents, yellowessintidain 1et9thalP06®S, 02dl26si on can be
nmeasured according to the follow ng techni que, and
where "pummel " is referred to herein to quantify
Bedmgde bn of a pol ymer sheet to glass, the foll ow ng

technj gue i s.used to deternm.ne pumrel .. Two- | ass

|t et it st ol el PR re ISt e R ave

gla$ﬂ/pdyquc]:rl bgtgxél)f/pﬂy(ethyréhetlete@mhmatewﬁaog;r(ﬁpyaﬁﬂ{;@a)//tg&ss, where
- . al.l. uj e a .

B A i OG0 A0 B PR e s

butjrel) dayetsaurd dveh POB ynillimekerbintiyiclaleys b@rEd ihfodgh@haventional

, and theamount of glass left adhered to the
%‘%@%‘?‘%yl butyral) sheet is visually conpared with a

set OA sgbadoaltide lajkh glass @nelds fismedwite Bedoitbwits Ry&sal e

' i,ch. Vv i ng,d of S in her 0

e R P A R P B Bt B e vher
ibe poip(ethyleame daephtiolate) is 0.05 millimeter Dupont Mylar®, and the poly(vinyl
butyral) layers are each 0.38 millimeters in thickness produced through the methods of

the present invention.

eet
10368

Subjective analysis of the two multiple layer glass panels indicates that the first

panel has visible applesauce while the second panel does not.

Example 2
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zero, no glass is left adhered to the poly(vinyl
butyral) sheet. At a pumel standard of 10, 100% of
wo b@enha8s remai ns adhered to the pol y(vinyl bRECHUS20D6/006357
sheet. For |am nated gl ass panels of the present
i nvention, various enbodi nents have a pummel of at
I east A%, 76anillineeisit thisk pally(vingh buty]) sheet (ﬁ;siaﬁm@) is opextrided with

i NCI {%ﬂfe 8@%? nh?e et adh W4 dbeatn}ﬁgg iagll%w%o T e sheet

owness in
deambossedtms 40 enbracRmndlarig 000 Wlh &he ehdebwﬂm lammated between

@ﬁﬁ]@ rf%és nol ded di sks of polynmer sheet 1 cmthick,
aving S h pol ymeric surfaces which are essenti al I y

pI aneAaewpng aola(\mgﬂ butyraé) sheat tegulodutérbby cnhesntional mealsods,caid has

5 an d Te t ,Met ho
?g@%@%s{bg\(l)mwg é@%ﬂé e % og? grb?ﬁ(ift%%cshlsggcong Ht isGho lammrpt &j
bpweer wprancsdiglass | | ght transm ttance inthe visible

spect rect ed..to 1.8 u |ng
R i e S
iﬂedtgmgmﬁs@ra shd‘exthaasa inews valhaof 19 & obf.hnﬁ:d with the 85t sheet while a

AT by £1.5 WSk PL LSRRl ass panel s formed

oW n ayers ass’'7pol y(vi nyl
butyral )// pol y(et hyI ene ter epht haI at e)// poly(vinyl

but 1
Cor oot HEpEbERE pretE R ChRF, RPN Py prvgvimsd g
bmrabehge(c,\amh pthebpnlymerl s}ledt,a;ylﬂr supsa'roe op(mhqﬁhﬂ& when used in
t I
']I!{JCH&'Lg{Stﬁ V%ﬂ)sug %{h%%goﬁ‘ﬁﬁ?rgﬁeegs (5] g};o%ge[%%%g 5@%%}?96 alél rllr%ttle
f:mhmeﬂlwcct or eﬂlhenétcﬂ ’cbsomngghd mgthods pcgjrxﬂ&sshéqm byd mizhiple layer
&Hﬂtﬁe&%é’eﬁ? %ne t erepht hal ate)// pol y(vi nyl

ere t he pol y(et hyl ene
t er e phhmghem))odmeﬂs Gﬁthﬂpiekamrmvartlomhamﬁeeﬁ@ésaﬁbdd)in varivahs

| 0.
e B il b0 okl @ closk BY BB RR S,  Seh ettt s
pﬁmutaeomaecsmlblermé atel within Belbjope hmd/@nanﬁltbeejr&eﬂfmxtdﬁﬁon.
t { th
o AL T BB MR e
pabastimeids & willtbe 1@%‘({3&@}@1@0@ skiBledrinl thé arethet varibiicdhanges may

i oyl . h ded
GO A SRl LB oS
thn decopa ofthe ofvedtfornile adIliBon, iﬂaey mbcthﬁbatmes majabs fsade foadapt40
gﬁ:ﬁ&ﬁ’a{} sﬁxa@i@g oﬁn&\%nglqg the teachmgs ot'the 1nveln on mtﬂoutadepa?t?ﬁge

the essential scope thereof. Therefore, it is intended that the invention not be limited to

the particular embodiments disclosed as the best mode contemplated for carrying out this
invention, but that the invention will include all embodiments falling within the scope of
the appended claims.

It will further be understood that any of the ranges, values, or characteristics given
for any single component of the present invention can be used interchangeably with any

ranges, values, or characteristics given for any of the other components of the invention,
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two panes of gl ass.
i s produced by conventiona
W@ bioskesss of 0.76 mllinmeters,

second sheet
gl ass.

met hods,

A second pol y(vinyl

butyral ) sheet
and has a

and an R of 35PCTIHE06/006357
is also | am nated between two panes of
Results indicate that notile is visible in the

mﬁwa@mmmmuﬁwmmnmwmmwmmwm@kmmmmmm@mmmnmmm

shows t hat

FopRopents, dg ive

ttl
g

value

thyoEgoYy

For, Siomwisp Bty bl fietiiah B Kifea

wmﬁsin@%uﬁﬁﬁ Wg&bﬁﬁh anByf thie tdnges gitentih additi@s@runy of the ranges

en oo

Pptitioal

2ol AR SRR RS

ttOfsonovv ossu%g}yﬁ&ﬁprOVLd

qualltles when used in conJunctlon with

¥ner sheget s

b
PgbS N Wi Shee

beof e prggent

f. .
o el e for

DRkthgive pRrposes bl and Jouldre bstmeised taliitihd dlaipled idvaytiom to

construct of sent. i nv nt| Al t hou
SRS e roo il TS = Gt v R Are apidgym to seale
dﬂ&&bﬂbﬁdyﬂﬂmﬁarlous enbodi nents, it wll be clear to

por miERbFOHERE B

dssiored s

art that

Patenk P HTERES Sk

Sdibrfddtto néremlwhmsmapdrﬁu&w fe€efenc/ i 1tseenhfeey i nvention

has been degﬁ%1Q%&4%%§%

enbodi nent s

OEHER BB B TERILAAO 11 ed i

t he Frt ‘;tapl'ghevar

V be

'Fr\r '

ous |Iﬁ;§ﬁjﬁl‘gﬁ

He c-ulr\c

fade angya e

oannnit

equipral-ent-s—Hay
W t Qout departin
addilti on, Many m
partjicul ar situal

) f%@#ﬁwuﬂ§myﬁabﬁaew t
aoﬁowt@ataupsﬂ%orﬁayew N

i tsimg pf npmber pijjointy) ¢

ol clrcnto Lllcr

he/-3 Whanges Wﬁhﬂ}en
raBrEmipcs of datm poigts
he B8k GE) of

the Ji nvent.i on w1
scode thereof. T

hauinisiepdeight\delth tkom
her @bl 8 ,a pelik orvalléit er

the essenti al
ded thagpthe

i nvgntion not be
di sql osedPEI t helb

out H-h-s-—inventt

TPl

s¥a} hnt e | S

cular _enbodi ment
tied for 5@6@ryi ng

at s .Qn-— AL
T JTr A'AYl

V.

i ncljude alNP enbo

iNwsrhes of perks and valloyRi|

n the scope of

tnai] any L he

Mo colabertWPdrthofndtet Htd
anges, to/loi@s, or cf

be und ood
aracte ﬁé%lcs

giv forany Si
i nvgnt i odMPACEh be
val

SO r\hﬁr at

b e

QI’ l C l f‘C ﬁL \ on ‘Fﬁl’

present
wi t HOAYBTRTanges

E-YalVa aof tha ot har
] 71 T TGO TOCTICOT ]

5

one NEesF 1 h

co

|nvéW@¢@HﬁWﬁ@ﬁe con

matible}Oto f or n

AvVi Ng dpﬁm@pﬁdwalues

for each of the

ﬂ

T FOr "exanpte,

an. jenmbopdusent hq
co onenblmsas i
pol )

| Sandard

ci@égﬂla 0 for pgc DY

HsubM Mean height
HsubS Standard deviation for height
RIPm Average mean pitch for 10
traces
Rilm Average mean height for 10
traces
Wvldx Waviness index / 1000
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conprising surface topography in any of the ranges
given in addition to any of the ranges given for

w@k@svyodzer, to form many pernutations that aPEr/ub1006/606357

the scope of the present invention. Any figure
reference nunbers given within the abstract or any
Stte¥mmettdae(f or il lustrative purposes only and shoul d
ﬁ‘ﬁbﬂ%ﬁlr@l&?%&é’aﬁgn%lﬁgétéfﬂntan& clainmed invention to any

one ticular. e I ment shown in any figure. Figures
e =Qr A &l Axgreeedm ess ot herwi se noted. Each
1 HoRIEnCd, HRlILRbINGfagemmal articles, patents,

| nd books, referred to herein is hereby
?ﬁgglﬁlcora@ % reference in its entirety. Table of

V&0i @s and Val ues for Sub Snoot hDat aQSub
Sotidabat-a9,15p0 Rem Filter traces and Cal cul ate Hm

P _ Rl Pm. = Pmis Roll Average Pm 1560 R Hm
Z&g 1Rﬁﬁ‘?r8 &Q’ﬁ"&@%ﬁlﬁé‘é Hm 161 5 For i 1To NTraces
1®30 EPE(kD=Q6’B§isFE@ﬂd<IerxghtTo | 50 1630 VLOc) O 1VL is
Yo eyF(gFllghtﬁxs'L loBSfnfGorfesfbaibdiolndaiak Hel ght 1640

%t s Sa 0| nt spon Ing to Extrene
Negtdt k 1650 FOI‘J = | ToNPTPT ' Status Bar Update

(Goerosi L DYNPFPT] = Multiple * NPTPT / 10 Then Per% =

10 *(i- 1 ) + ((j * 10)/NPTPT) If Per% > 100 Then Per %

= 100 fitnMi nWave. sspProgressBar. Fl oodPercent Per %
Ptarue Bt pdateBperts e + 1 If Multiple 11 Then Miltiple 1
If j = Multiple * NPTPT / 10 Then

Per% =10 * (i- 1) +((j * 10)/ NPTPT)
I Per% > 100 Then Per% = 100
frmMainWave.sspProgressBar.FloodPercent = Per%
Multiple = Multiple + 1
If Multiple = 11 Then Multiple = 1

End If

1655 If j > 1 Then GoTo 1805 'If not First Point

1656 Rem Code for First Point in Each Trace Only

1660  Ifa(i, j)=a(l,j+ 1) Then GoTo 1745

1665 If ai, j) > a(i, j + 1) Then GoTo 1705 First point is a maximum
1670 Rem First Point is a Minimum

1675 Extr=0 'BExtr=0 for Minimum, Extr=1 for Maximum
1680 E=E+1 ‘Sets First Extreme

1685 VI(E)=a(i, ) 'Sets Value of 1st Valley = a(i,j)

1690 Direction=1 'Direction (+1 is up / -1 is down)

1695 FP@E)=0 "Sets First Point as Minimum

1700 GoTo 1735

1705 Rem First Point is a Maximum
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End If 1655 If j > 1 Then GoTo 1805 'Jf not First

Poi nt 1656 Rem Code for First Point in Each Trace Only
was®o/ovfoaft j ) = a(i, j + 1) Then GoTo 1745 HEBBS1006/006357

aft j ) > a(i, j + 1) Then GoTo 1705 "First point is a

maxi mum 1670 Rem First Point is a Mninmm 1675 Ex.tr -

1010 ExtExu:@lfor Mnimum Extr=l for Maxi num 1680 E = E +

1];% flpst Extreme 1685 VL(E) = a(i,j) 'Sets Value

1st VaI ley a( 1690 ect| on = 1 Direction (+1
{730 yp Fp@ =} |ssﬁf6b6ff}1)‘l'§9%a 0 'Sets First Point

ass M anrerwmi—ZDO GoTo 1735 1705 Rem First Point is a
l’lx:@ad )*( tr=1 _1715EE+_11720 FP(i) = 1 'Sets
st i'nt a Maxi nrum 1725 Direction = - 1 1730

175§ E) FE)ayi ,j) 1735 F(E)=J 1740 GoTo 2200 1NeXtJ
1(7N§3th2;yﬁ,b§do 174;@@&11@5%;:51 Point is the Sane as the

Secon P Pqint. 17 =.1 1750 |If
505 " e Hirdt o e S g i Spor B S TRt o 0
ane stEQPI~Ihe same 1755 If a(i, j ) > a(i, J] + EQP +

1,]__7 o Th Gﬁ‘fod@]}z{] p £ H$kn é?&*oﬂbﬁ) ai‘o@ntsb@éétﬂ%m]sz&@ Rem
[ rst are ni‘ma 1770 GoTo

¥8%0 Iﬁﬁhl)l?d’lg‘tffn%m?’bp W‘h@i’ﬁj’r#ﬁ r St%‘%?‘t”?f‘?’?%l Rem
60 St 2@l FifsSPoatteardbininn 1780 | | + EQP

1765  j=j+EQP

1770 GoTo 1670 'Run Routine for Minimum First Point

1775 Rem First Points are Maxima

1780  j=j+EQP

1785 GoTo 1705 Run Routine for Maximum First Paint

1790 Rem Points are Still the Same, Check Next point

1791 EQP=EQP +1

1795 IFEQP =NPTPT - 1 Then GoTo 2570 'Next i

1800 GoTo 1750 'Check Next Point

1805 Rem This Section for Points After 1

1810 EQP=0

1815 EP=j-1

1820 Ifai, j) = a(i, j - 1) Then GoTo 2135 'Same Points

1825 Ifa(i, j) <a(i,j - 1) Then GoTo 1985 'Falling Points

1830 Rem Rising Points

1835 H Direction = 1 Then GoTo 2200

1840 Rem Local Minimum Detected at Point EP (Extreme Point = j-1+CINT(EQP/2)

1845 K Extr =1 Then GoTo 1895 Last Point was a Peak

1850 Rem Last Extreme was a Valley

1855 If a(i, j) <= VL(E) Then GoTo 1870 'Current Valley was not a Valley
'since it Did Not Follow a Peak
‘But Followed a Local Max
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1785 GoTo 1705 'Run Routine for Maxi mum First Point

1790 Rem Points are Still the Same, Check Next point
WAZ®VBEPT = EQP + 1 1795 TfEQP NPTPT - 1 Then EoINoSABFW6357
TSfext i 1800 GoTo 1750 ' Check Next Point 1805 Rem

This Section for Points After 1 1810 EQP = 0 1815 EP=J
18600 1820o1975a(i, j ) = a(i, j - 1) Then GoTo 2135

eaaanme ' kwis dne) < a(i, J - 1) Then GoTo
e RoR Ko Baf Qatcy y 8 s dne) < ng Points 1835 |f
187% ec Vi€ =204Ehen GoTo 2200 1840 Rem Local M ni num
1860 eced=at Point EP (Extrene Point j-I1+C NT(EQP/ 2)
1%%35 %F r =1 Then GoTo 1895 ast Point was a Peak

0 Last Extrene was a Valley 1855 1 f a(i, j )
1890 VLGEYo TM76n GoTo 1870 'Current Valley was not a

N4 | €XemS ot §Sirdnle As ARt Fol | ow a Peak ut Fol | owed a
GPn EASCOID 1 BFNTRPILCpTO D) 1880 Extr= 0 1585
IBOE) RefMiekBOonRoRb tolBiy Blirl@atnoRMint Lasterimy Eriteie was a
B0s RO AEan "t rom Peak 1o thi b M a doos not Meai L
it t edf H- ﬁMghM@OWdF%V%%RT“PM(IEP - F(E))
oM Them NMember ok 95itts Toa peut tathiadih 8yes notREeor d | t

1925 Rem M Filtering Criteria

1930 If E = 1 Then GoTo 2200 Next j (Next Point)

1935  Ifa(i, EP)>= VL(E - 1) Then GoTo 1975

1940 E=E+]1

1945 GoTo 1870

1950 Rem Found a Valley - Record It

1955 E=E+1

1960  F(E)=EP

1965  VL(E) =a(i, EP)

1970  Exir=0

1975 Direction = 1

1980  GoTo 2200 Next j (Next Point)

1985 Rem Falling Points

1990  If Direction = -1 Then GoTo 2200 Next j (Next Point)

1995 Rem Local Max Detected at Point EP (Extreme Point = j-1-+CINT(EQP/2)

2000 If Extr = 0 Then GoTo 2045 Last Extreme was a Valley

2005 Rem Last Extreme was a Peak

2010  If a(i, EP)>= PK(E) Then GoTo 2020

2015 GoTo 2125

2020  Rem Replace Last Peak with This One

2025  PK(E)=a(i, EP)

2030 Extr=1
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1920 Rem Nunber of Points frompeak to this Mn does
not Meet 1925 Rem M Filtering Criteria 1930 IfE =1

wab@e/0BoTo 2200 "Nextj (Next Point) 1935 I|f a(PCT/ER)006/006357

VL(E - 1) Then GoTo 1975 1940 E = E + 1 1945 GoTo 1870

1950 Rem Found a Valley - Record It 1955 E=E + 1

19680 FE)=rP EP 1965 VL(E) = a(i, EP) 1970 Extr =0

%‘8%5 %1%%# = 1 1980 GoTo 2200 *Nextj (Next Point)
Rem ing Points 1990 If Direction = - 1 Then
o 2BoolapRetend weaneVelldvoi nt) 1995 Rem Local Max

mbect E@bﬁi G, Bp) |'VL(§5’>{= Exfch @8%o 28k hss T, Bitdrinks! NT( EQP/ 2)

) oy R el S e T LSO (i

e > @Kl(oE)LZSThen GoTo 2020 2015 GoTo 2125 2020 Rem

brrecl a(i EP
2030a(l:£xta%P? |£gssﬁm a"i%ﬁo%dé%% g‘f‘.‘(z"sa 50215 Reﬁn Las

B0r enRempfumber Qfmn@ ooy tp thiyapseiops N@eet v (E)) >=
A0en Mmm&ﬁﬁgéﬁasﬁa L Filtering 2055 Rem Hei ght from

%/(%él }I:_o_ Itz’l%ﬁ%(}%xzz%)'ﬁ%xt %exMalm) L Filtering Criteria
2085 Ifa(i, j) <= PK(E - 1) Then GoTo 2125
2090 E=E-1

2095 GaTo 2020

2100 Rem Found as Peak - Record It

2105 E=E+1

2110 FE)=EpP

2115 PK(E) = a(j, EP)

2120  Extr=1

2125 Direction =-1

2130 GoTo 2200 Next j (Next Point)

2135 EQP=1

2140 I£(§ + EQP) <NPTPT Then GoTo 2155
2145  j=NPTPT

2150 GoTo 2200 'Next j (Next Point)

2155 EP=j-1+ CIni(EQP/2)

2160 If ai, j) = a(i, j + EQP) Then GoTo 2190
2165 If a(i, J) > a(i, j + EQP) Then GoTe 2180
2170 Rem Rising Points

2175 GoTo 1830

2180 Rem Falling Points

2185  GoTo 1985

2190 EQP=EQP+1

2195 GoTo 2140

2200 Nextj Next Point
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2065 If(EP - F(E)) > =M Then GoTo 2100 ' Found a Peak -
Record It 2070 Rem Nunber of points fromValley to

wa bios/ogers7 does NOT neet 2075 Rem M Fil teri ng QPECT/881086/006357

2080 IfE = 1 Then GoTo 2200 1NeXtJ (Next Point) 2085
If a(i, j ) <= PK(E - 1) Then GoTo 2125 2090 E = E - |
2035 NBr T bi(@DAP(R 1D0NRe dF®uind as Peak - Record It 2105

5210 %?b =§110 FGE); ﬁpﬁlﬁfﬁg&@o = a(i, EP) 2120

2125 Direction = GoTo 2200 TSf ext |
%NéstPS?-*@u ) 213BsupfPs T Pitch Sigmaf($td DeIEQP) < NPTPT Then
02700 UG =2145 J HHMREREMa0adient2200 *Nextj (Next

Nt 55 EP=j, a oIf a(i, j ) =
E%S Su}?Sl ) Thgﬁ béo% z@%%‘%%@%at?ﬁ%? )>a(|, |
@QP)Faqthg A2. @bﬂ‘bTPZl%c@@@veﬂemlm@eﬂrgmpm-mmtem75 GoTo
4830 R8O RerwFal | i ng Points 2185 GoTo 1985 2190 EQP

| "Next Point2205 NP
B, R oI AR AR
2245 If P(k) > 0 Then GoTo 2260
2250 NP=NP-1
2255 GoTo 2275
2260 PsubM = PsubM + P(k)
2265 H(k) = PK(2 * k+FP(i)) - (VL2 *k + 1 + FP(i)) + VL2 *k - 1 + FP(i))) / 2)
2270 HsubM = HsubM + H(k)
2275 Nextk
2280 PsubM = PsubM /NP
2285 HsubM = HsubM /NP

2290 DelPm=0 'DelPm is the delta (X-Xbar)

2295 DelHm=0 '"DelHm is the delta (X-Xbar)

2300 DSqPm=0 'DSqPm is the sum of delta squared (X-Xbar)2
2305 DSqHm =0 'DSqHm is the sum of delta squared (X-Xbar)"2

2310 Fork=1ToNP

2315 DelPm = PsubM - P(k)

2320 DSqPm =DSgPm + (DelPm ~ 2)
2325 DelHm = HsubM - H(k)

2330 DSqHm = DSqHm + (DelHm ~ 2)
2335 Nextk

'Skip over an error which might occur in the calculation of the Std Dev

On Error Resume Next

2340 PsubS = Sqr(DSqPm / (NP - 1))
2345 HsubS = Sqr(DSqHm / (NP - 1))
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2210 PsubM = 0 TsubM = Pm = Mean Pitch 2215 PsubS = 0
"PsubS = Ps = Pitch Sigm (Std Dev) 2220 HsubM = 0

WO RaloM7¢7 Hm = Mean Hei ght 2225 HsubS 0 HsubS BCHES2006/006357

Hei ght Sigma (Std Dev) 2230 Fact3 = 12.5 /NPTPT "Fact 3
Converts Point # Delta to 10L-3 neters 2235 Fork= |
ToNRsaBR40oRpecking F(2 * k + 1+ FP(i)) - F(2 * k - 1 +
FP(d)E)"gggﬁ) f P(k) > 0 Then GoTo 2260 2250 NP = NP -
555 GoTo 2275 2260 PsubM = PsubM + P(k) 2265 H(k)
PK(2 *k + FP(i)) - ((VL(2 k + 1 + FP(i)) + VL(2 * k -
2355+ Rdi{ Convert HAomARIS tolididoMieterHs ubM + H( |1 c) 2275 Next k

e PR SN ol for R Bud B k@% o it Y4 dfme%&aa,)

%ﬁélebMyﬁqlié(Hﬂ@M“élW Erefa § 1093(5gn ?2% s
(VBSios UFSr 05D BeomemyUar ed (X- Xbar)L2 2305 DSqu = O

AEPUETLS htusE Oy S St Ky S oP-

(WSsiPml for CEBPRhotre®) 2325 Del Hm = HsubM - H(k) 2330

@%ﬂ%ﬂc%%mm@%{smﬁa&e@% Nextk ' Skip over an
error which mght occur in thg cal culation of the Std

Bey P Gt R M arid X 000 / 10

2380 PsubS = (CInt(Psub$S * Fact3 * 100))/ 100

'SetValues for SaveData SubRoutine
PsubMsave(i) = PsubM
PsubSsave(i) = PsubS
HsubMsave(i) = HsubM
HsubSsave(i) = HsubS

NPsave(i) = NP

2560 RIPm = RIPm -+ PsubM

2565 RlIHm = RIHm + HsubM

2570 Next i

2575 RIPm = (CInt(RIPm * 100 / NTraces)) / 100
2580 RIHm = (CInt(RIHm * 100 / NTraces))/ 100
2585 Wvldx = R1Pm * RiHm

DoEvents

End Sub
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2340 PsubS = Sqr(DSgPm /(NP - 1)) 2345 HsubS =
Sqgr(DSgHM / (NP - 1)) ' Disable error checking On Error

wWa@eone/ oM 78855 Rem Convert H from Volts to M cr oP®BUS2086/006357

2359 Factl = 0.038 'Conversion fector for Volts to urn
(Taken from S8P docurrent ation) 2360 HsubM (Cl nt ( HsubM
Iclad®0 * Factl)) / 100 ' (Clnt(HsubM * Factl * 10)) /
% <- - gt[\%trSI on.1l for C5D Perthorreter) 2365 HsubS =

‘;"%‘63“’«% Factl)) / 100 ' (CJInt(HsubS Fact| *
10))p61y@@@1§uw£axéeam on 1 for C5D Perthoneter) 2370 Rem
Convert P.fro Pol nt, ers,. 237

(C nf“@ QIAGE W edrtl @ie@wer/s i‘ifge ! %ﬁf £ aF: wa\%ln\a/less index of
16selifah 20 J0s0 Sfuate hdfdeters, @O R) vdlucléXit lem@ 2V aticemetets; and a
SaveDat %:SUbROU{AE 9Psubl\/tsave(i) = PsubM PsubSsave(i)
?"?) HsubM HsubSsave(i) = HsubS
NPsave(l) =NP 2560 RIPm = R Pm + PsubM 2565 Rl Hm = Rl Hm

*
IR0l SR S Pl g9 o
mm@aﬁala&eﬂoo 2585 Wil dx R Pm * RI Hm DoEvents End
Subl claim 1. A polyner sheet, conprising: roly(vinyl
butyral); and,
3. The polymer sheet of claim 1, wherein said R; value is at least 30.

4. The polymer sheet of claim 1, wherein said R; value is at least 35.

5. The polymer sheet of claim 1, wherein said polymer sheet has a second surface with a
waviness index of less than 20,000 square micrometers, an R, value of at least 20

micrometers, and a permanence of between 10 and 95.

6. A method of producing a multiple layer interlayer, comprising the steps of:

forming a first polymer sheet comprising poly(vinyl butyral) and a plasticizer,
wherein said first polymer sheet has a first surface and a second surface and wherein said
first surface has a waviness index of less than 20,000 square micrometers, an R, value of
at Jeast 20 micrometers, and a permanence of between 10 and 95;

disposing a layer of polymer film in contact with said first surface of said first
polymer sheet to form a stack; and,

laminating said stack.

7. The method of claim 6, wherein said waviness index is less than 15,000 square

micrometers.
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a plasticizer, wherein said polyner sheet has a
surface with a wavi ness i ndex of |ess than 20, 000

waowane17oi croneters, an R val ue of at | east 20PCT/US2006/006357

m croneters, and a pernmanence of between 10 and 95. 2.
The pol yner sheet of claim1, wherein said polynmer
8.NEled méthodficlith SpFB&dini shidemivindss inddxtihlessdiaroI @00 sqaarer .
3. Thei lg{ol ynmer sheet of claim1, wherein said R val ue
PETYPedast 30. 4. The pol yner sheet of claim1,
wherein said R2 value is at |east 35. 5. The pol ynmer

heet o laiml_ 5wherein said | yner . sheet, has a
3o Hfmebef ok iin PHOERG R Dter R EoptsisSy SOy liin®
2e:phfdRlagyiuare mcroneters, an Rz value of at |east 20
m croneters, and a pernmanence of between 10 and 95. 6.
A nmet hod of producing a nultiple layer interlayer,
CONTHel iBdting df 3RS bewBereih saifl ®, Mhingisat fehsi 30. pol yner sheet
conprising poly(vinyl butyral) and a pl astici zer,
wherein said first polynmer sheet has a first surface
andTle mwakad chith bawkerain daidiBg Keludisleast B5r st surf ace

has a wavi ness i ndex of |ess than 20,000 square
mcroneters, an Rz value of at |east 20 mcroneters,
iala:ndl"m: m)?lidm{femﬁﬁ 6,fofu_ ﬂbatl teom@Hisih@theRttp Qﬁ pric ﬁmgi_ﬂilzﬁﬁin&ing,
er, of. pol.yner in contact, wt ai i rst
il tn Qg PouA Beond sl brE borgiste ppiy T i el aphe
Pmlﬁﬁiciﬂ_eﬁii’ii cﬁﬁgét REthSaidoBluRe Kilm profhesai@{]uhﬂﬁbljgﬁ%rggéﬁt,m&ﬁ:rein a
er ej ali vi ness index is |less than 15, uar e
A e et Betmer Sherfirgoddn SOTAcS M T Bp gl b 2
wavihése et oless thed 200009 sipltddimicZortdéls, 36 Bg K EluEbE4tQswet 2, and a

9. The net.hod of clajm®6, wherein said polynmer film
3%“%??§%gg?ﬁﬂﬁfﬁé9ﬂV$égL terephthal ate). 10. The nethod

of claim6, wherein said Rvalue is at |east 30. 11.

net hod, of . ¢l aim 6, wherei.n said R value is. | east
TEeriBnde st 3o oo fostifind G Sei oL i 4 S Be,
5ddﬁ£gkt0 kaid &ﬁﬂ@éﬁisﬁllaﬁﬁioﬂ gia@dh ih R&iithdd Gvithaskd ifRg plt)@rx&;ﬁl's}ﬁlet opposite
St a.secon 0 . ..sheet. c risin 0 i n
Bt e BRIy atd BB g iR R Rhejefet of Hlayd H contact
mﬁh yai@ secbid polyangGhdct OpiRositelsaid lagdr op polyey filsheet ,

erein a

14. The method of claim 6, wherein said forming a first polymer sheet comprises the
steps of:

forming a smooth polymer layer comprising poly(vinyl butyral) and plasticizer,
wherein said smooth polymer layer has a first surface with a waviness index of less than
15,000 square micrometers and an R, value of less than 15 micrometers, and

embossing said first surface with a ronghness pattern to produce said first polymer

sheet.

29



10

15

20

25

30

surface of said second polynmer sheet disposed in
contact with said polyner filmhas a wavi ness index of

wo ews/oottan. 20, 000 square microneters, an Rz vBACTESWN6/006357

at | east 20, and a permanence of between 10 and 95.

13. The nmethod of claim 12, further conprising the
45. ewﬁe métglocpdsﬂ deimt1d, Whirdmbﬁﬂ”ifdﬂﬁﬁﬂlg”&ld @ﬂﬁﬂf@lﬁﬁmemh%eﬂ comprises
st.aack .a f.rs er o [ ontact with sa
PHBES aB b iRleEeBhpteian L W REE. of ' poi yrer
film and, adding to said stack a second Iayer of

| a C sali ecqnd r eet .
I 38 a8 e Titn 15, whorS shig s i Smorts RS gorppries
@hlagmrﬁ;rowshﬁ‘adeldibls)ﬁl d forming a first polyner sheet
conprises the steps of: formng a snooth polynmer |ayer
conprising roly(vinyl butyral) and plasticizer,
WneThd methed smamcﬂ; Whereinysaiisebodll Slirf428 Sash dukfacd withis vati@ess
mﬂ%h ﬁ@mﬁﬁi |ndex of less than 15, ? sqyare

MCEF BheTsdrd éﬂ“alf&mi‘f‘é?‘ﬂﬁer&fanll%%lu? RE# lepst 20 micrometers, and
Aipemeiienice b betatsh WHAA9S) Nng said first surface with a

roughness pattern to produce said first polyner
sheet. 15. The nethod of claim 14, wherein said formng

3&iAﬁgmmmkﬁpﬁﬂhmﬁgap5§ﬁffg@aﬂg%g%§§lusing a die mﬁth a

I e fenperature. o m

met ho ?lawg gﬁ%@m%?ﬂ%éwbﬁwnéaw&ﬂm S&ﬂ?ﬁ @h%mald

m’leilym :ell ;'ﬁsh 1e_ﬁfacs QitiEDzE éaea&?d isSfadand g aMﬁmgs lﬁauscfoage@s tha® 20,000

ro e 0 ai erein sai econ

SHHAFeFRigrogLer aﬂ?@f*ﬂ%éf@oﬂﬁp? 1‘? i) FRSEanetare e s ﬁwswgfdace and

t han a0bd3siflg shRy& oﬁlsﬁlﬂcfii‘ﬁtsﬁxlﬁii:e waih affgughabsd gaﬁfm &f produce said
per manence of between

ast Ornmomtrs 10
Bﬁ‘améfs e tBWheAelPré'i“ BolvEET %\ﬁetcmw g viaesp Jidg ket lesstha 20,000
@qlﬁmt mﬁrdﬂ&,teéi ah |, ﬂﬂltléloﬂ Ykt %Qﬂ%hfétefbgargml ﬁ@ﬁhﬁ!ﬁ@ﬁce of between

nd.a plasticizer e n sai ayer has a
?#P‘X‘{% ‘%ﬁtﬁ%@g S “Q@@é?lﬁ?‘%ﬁ% %‘6% cefdaid Y50 ness
i ndex of |ess than 20,000 square n1croneters and an R

lL.ue l.ess, th m cr, neters S
Y58 o S8 Slak B ooy b G ey inghk Sapld molbfer sheet s les
giah fl 5,000 sfubis neiclope@iness pattern to produce said

pol ynmer sheet, wherein said polyner sheet has a
wavi ness i ndex of |ess than 20,000 square m croneters,

a6 Rt methotbofelaimtl 8] Wigéin 28d WaShme¥BARK Sf IPimer sheet is less
g@ﬁ&g@ @ce of .between 10 and 95 on the side

E THRRGPPI™ERTS first surface of said |ayer.
21. The method of claim 20, wherein said R, value of said polymer sheet is at least 30.

22. The method of claim 18, wherein said R, value of said polymer sheet is at least 35.

23. The method of claim 18, wherein said permanence of said polymer sheet is at least
50.
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19. The nethod of claim 18, wherein said wavi ness
i ndex of said polyner sheet is |less than 15,000 square

work@somsders. 20. The nmethod of claim 18, wherrCTIUSZIN61006357

wavi ness i ndex of said polynmer sheet is |less than
12,000 square mcroneters. 21. The nethod of claim 20,
wherein said R value of said polyner sheet is at |east

oF T8 e gt e ST e asuf S5 e Pt B 0

aficrolmaiers 18, wherein said permmanence of said polyner
sheet is at |east 50.24. The method of claim18,
wherein said Rz value of said layer is |less than 5

126 C Thembihod of 2hm l'Ebﬁlrﬂhat dbml@n@iflg ehbBossing galﬂ wyb:hgf said second
ris 0ssi n ayer .on said second suyfac
SRR sthadordaes Fei, S Ry Shest By A AR iage o loss
iexm 20 Oﬂaqu&&ﬁlcioﬂﬂ&m @ﬁd JarﬁBszald’eaﬁT atA0asODOmEaiotasters on the side

nicro ters, val ue ,of at |east 20

nd
FPEPB '@S% S?ﬂ% ge d¥5bndi ng to sai d second

surface of said layer. 26. A nethod of produ0|ng a
anel ri sing the .steps orm ng
96+ oot BB Bt G B e, BT ROF MprseBteyr al )
a nd af(3|fnhﬁ1gtal ﬂistipferymev\/é&éﬁdoﬁapﬁ&hg pf)lly(v&%yl B@yialRind 8 heeficizer,
a fir rfa ) rface, an

Sty et SonlEs 2 Tyl iteg and forsnc e g dpgfpin said

ikt @lﬁ‘ﬂmf nasaarmwmde@sr ao8d dess tal 26§fboot/) SjubiR rﬁﬁrfgietérﬁ ag 151 P4lue of
ers, .an er manence. Q ef we an

g{lg?jsgg? Wécr‘gh‘?t%@’@t" E’GWWP?P‘FWH?’% i? aé’g:gr)éact with said
f i r st disposing@dayef oiS@Ilydnefrlﬂhﬁﬁn Eska¢tRith Shi@ fifst §Rfakb®bMBard first

ck d| QSIn layer of glass in contact with said
$§ﬁ% 3% Kite said polymer film and,

I am naﬁpo@@gaaayﬁr Sft A3k in contact with said polymer sheet opposite said
polymer film; and,

laminating said stack.
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