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INTERLAYER FIELD OF THE INVENTION The present invention is in the
field of multiple layer glass panels comprising a 5 polymer sheet having
desirable surface properties, and more specifically, the present invention
iS i |n of multlple layer glass panels comprising poly(vinyl but ral
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25  subsequently disposed between two layers of glass. The finished multiple layer glass

panel has the combined benefit of safety and radiation transmission conirol.

An optical quality defect that can be particularly noticeable at oblique viewing
angles can occur in such safety glass panels asa visually apparent, isotropic, wave-like
refiecied image estimated to have an amplitade of about 0.002 t0 0.012 am and a

30 wavelength of 2.5-7.5 mm. Rt is referred to hereinafter by the term "applesauce.”

Applesauce is believed to ocour because the polyethylene-type layer, which reflects light



will assume any non-linearity, or waviness, that is present on that
poly(vinyl butyral)-type layer. Other objectionable visual defects, such as
"mottle” (mottled color appearance), can also occur in colored poly(vinyl
butyral) glass laminates when poly(vinyl butyral)-type layers are disposed
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wherein said first polymer sheet has a first surface and a second surface
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In a second aspect, thers is provided a method of producing a multiple layver interlaver,
comprising the steps of forming & first polymer sheet comprising poly(viny! butyral) and a
plasticizer, wherein said first polvmer 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 Ry value of at

least 20 micrometers, and a permanence of between 10 and 93;
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surface and a second surface and a waviness index of less than 20,000
square micrometers and an Rz value of less than 20 micrometers on said
first surface, and embossing said layer on said first surface with a
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8.\"

construct.

DETAILED DESCRIPTION
According to the present invention, it has been discovered that the defect known as
“applesauce,” which can occur in multiple layer glass panels that incorporate a poly(viny!
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 of the present
invention, Further, mottle defects can be similarly reduced. Polvmer sheets of the present
invention have a low waviness index, or WI, which is a measure of the undulations of the surface

of the sheet, and a high roughness vaiue, or Ry, whichis a
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WO 2006/091707 PCT/1352006/006357 measure of the smaller
irregularities that occur, generally by intention, on the surface of the
sheet. As shown in figure | generally at 10, some embodiments of the
present invention involve reduction of distortion that can occur as a result
of the, i 2 between a 5 polymer sheet 14 and a polymer film layer
16. &%ﬁf@é}%@scribed in more detail below, the polymer %ﬁgeﬁfs%f)ﬂ%gﬁﬁ
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involved producing a plasticized poly(vinyl butyral) layer that had a low waviness index.

Such attempls ofien produced layers lacking desirable qualities because the roughness

value of the smooth layer produced was low, thereby creating difficnities with the

30 lamination steps of the assembly process. Other attempts at reducing applesauce bave

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



4 WO 2006/091707 PCTIUS2006/006357 is disposed between two layers
of poly(vinyl butyral), rolled to form a three layer laminate, and then
embossed on the exposed surfaces of the poly(vinyl butyral) layers (see
Japanese Patent Application JP59223256). Lamination of smooth

poly(yi tyral) with poly(ethylene terephthalate) can result in
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In the next step of these embodiments, the relatively smooth surface or surfaces
isfare embossed with 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 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



micrometers. Because this embossing step is carried out prior to
lamination of the layer 5 WO 20061091707 PCTI11JS20061006357 with
poly(ethylene terephthalate), or glass, or another layer of poly(vinyl
butyral), the embossed surfaces allow for superior desiring between the
Iayer‘%_ o;ﬁto% Ei%?l product. By using the methods of the present invention,
it has Been discovered that polymer sheets can be producé’&“r{gﬁfi??gﬂgﬁg
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processingsantitionsdhal Q@Méﬁgoughness value can have permanence values that
range from 95 down to 10. This range contrasts with polymer sheets that rely solely on
melt fracture to obtain sutface roughness, which generally have permanence values at
100 or close to 100. The value of the permanence that is irmaparted to a polymer sheet will
depend on the desired application and lamination processing conditions that may be
30  employed. For applications in which if is desirable to maximally reduce applesauce, for

example, polymer sheets of the present invention may have permanence values of less



30 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 6 WO 20061091707
PCT/11S20061006357 than 40, less than 30, or less than 20, which is not
to say that applesauce is not reduced in other embodiments having
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altering gelayeRiipnalRiadiusirpeithe polymer sheet according to the
fojlpwing: F%emre‘)@ugtgs offzo cgductlg é}lﬁ\é\/hlc cm |s use g} rod é:_-%é-he

polymer sheet an 25 extrém LE¥smo ayer can’be. pro

increaZig the e BYEMApFAt %ﬁ%‘f@“ﬁ@?@fﬁ%‘ﬂé‘ﬁﬂ’&nﬁ@ &ﬁﬁ’é@‘ e
produétitshieT SHaet st ke nebicrd Birbodoafentioties! predestivh 05 tinpplymer
wavinesstimdaxdisnd tedighmidgs parameters. In various embodiments, the

die lip tempesaiieids iRbatieth MRl 1063 e 061 JA2 4k, A
195C Egt%gé?smooth layer can be produced by increasing the die lip temperature of the die
sufficiently to canse the production of sheets having the above-mentioned pre-embossing
waviness index and roughness parameters. In various embodiments, the die lip
temperature is maintained at from 170°C to 230°C, 190°C to 210°C, or 195°C to 205°C.
For applications that use a die roll to produce polymer sheets, smoothness can be
30 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 biade termperatre. Other



For applications that use a die roll to produce polymer sheets,
smoothness can be 30 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 7 WO
2006/091707 PCT/US2006/006357 embodiments use a mirror finish
casting {8 a%hieve the same effect. Generally, the wavifESLHPLfRres7
sheet produced will be similar to that of the surface of the die roll, so the
wavinessbafitkesdie solishaulc badsg plite levals ermmensul atenyitly,the

Slheswet %_\ﬁﬁygpasﬁe_ &E&tmaﬂt%@&l@ﬁ §£1§;.9ﬁat Qf &%Mﬁ%e 9@&9&9&9 '&@M,Séﬂdléhm |
e art will recagnize arameters of producti at are .used wi
depend B e e P P S e
prod uc"eﬁt}ﬁe&ﬁgﬂ%ﬁ%F S EET B LM AL Sheitanke wrndbirmede Setlrding
to the prEgsisesiplrpiisire St e ved iy Sepnd vethogehimsringt wedautdion
parametehdadadisbiogecet erpiniudehiz sdgondssiehunhicin inepadlessing a
roughnesspatics.amiie eiesth Rolvet B shesl eanhepaifermed by
any appiaRiaie method, Rcding. for example, by using rollers having a
roughness pﬁltgewo Igg impaﬂlt Lhe %;ggosite gn ative image") pattern on
one or both sUHAces of the pofymer Sheet. C R LT Bf Ry R0
in&Peadlethemsingrirasd Vatsrarensisir sl ashdprbiding fersrammis ov Hibee
additiof8#rdrens emmabectigettrbistimeatitherpoitt Glceatira sioer Oftitersheet
and thewarigtissatbps dhitbsometine. anoaades: 350 diechansiorm the
sh eet&p?énﬁemm% H@M@BI%!@M@S e quﬂwq@iﬂm%rs_can be nsed
embodinealshd fattPSIDOIGNIS, e BiesentinveRion ngldes 2,
pqum%r dsﬂkégeah d%lg] 8s o?y(vmyl utyral Eavmg atleast one surace with
the pos‘i-embossmg yafBééSTQr WI and R, given above. The present
invention furtia st iesatiandenidce e fllewing wtriers aobpdngwiny| butyral)
having two Surfsicesewithithstp dstpemizossmipy aliesSopdlihanteR sugien
above pdljeiptess ) RMERID R 150 inohid aaRRONS et S AR and -

poly (viry bbb, 1R MIRG: PRSI RUHRRES.WIR NG BRSt-gMRpssing
valyes f%;v\{vmlﬂ%nd Jiven ab(l)]\r/gc,c whtgreln the layer Is not In contact with .

any othet layers, but rather 15° 3 Sgle poR RSB Ene S s (i ¥58ekRr in
any laf\1at8fh various embodiments, the present invention includes a
multiple lay&pirmresiaijeredimalse inslidem matpaigkhes, whesgiolhifmirtagayer -
comprisesgriclymesushes ty8LIBRpas-cmbossing values for WI and R, given above,
wherein the layer is not in contact with any other layers, but rather is a single polymer
25  sheet not disposed in any laminate.

In various embodiments, the present invention includes a muttiple layer interlayer
for use in laminated glass, wherein the interlayer comprises a polymer sheet, such as
poly(vinyl butyral), that has a surface with the post-embossing values for WIand R,
given above prior to laminating that surface to 2 polymer film, such as poly{ethylene

30 terephthalate).



poly(vinyl butyral), that has a surface with the post-embossing values for
WI and R, given above prior to laminating that surface to a polymer film,
such as poly(ethylene 30 terephthalate). 8 WO 2006/091707
PCTIUS2006/006357 The present invention includes any polymer sheet
or multlple Iag;ller interlayer having a polymer sheet and polymer film made
by any o' tHE Blocesses of the present invention. In variougCT/US2006/006357
embodiments, the present invention includes a method of making a 5
multiple lay8hgpaseparetioc oriplis mg stiaokinted polyiigs shedttokilhe
presenkifgeiign iRhaeSiaCiowith ARenouMe e R MRl lmsomLpalERer
sheetspanpg.forming an interlayer. In various embodiments, the present

invention mgu%des a ”?,‘355}19% 13ofﬂlrgarlégi ng a rr}glultlple1 ug%/er ngegsag qs%%rnnbly,
comprlsmg stacking a ymer Sheet of the present” Invention in a §fack

with o8 ?ﬁ%’f’ég&awﬁ%‘r Wg%ffgﬁ%? %918%%%% fHgyagion gvention
interlajfersepiorihers formeia gy fipiotayemgtalssty amblobyiig ruiivitiagethe
interlayer bétwenstmbodiyers, dicglass: hiredenpanals canid amnatigge of
laminateiglase: SiciieanNsduding. Withesd Jippialiog.aghilestual glass

and aylomebie MNESRIRIAS. RNEHNRCAROdImENLS J0g present )
myoentlop n cludg%&\ylndshlel or Wlndow comprlsmg any of fthe” olymer

sheets OF INEIAYera OF the Dreglit oI R Y P AREtE 5T Rents,
the pro&YRT: Pt s Rl FRERRT RGP R e,

interlaipeiudgsrphaiiimiotionrachitpuiyasisshdetiwibile mildstiigurfaces of
the polymersheetswapedhent theproassiRgna Masdgivvanabey€or window

embomﬂagaapwm@ﬁo@m%&& gnﬁt&fa;;wgo@mﬁemmé&es wherein
elir}bossmg fg%%{‘t’s ina; ra eyl havmﬁ th ego % 6&%&/ %m%ven
above laminating the poym eet toap ymer'ﬁ 1Im, w In the
polymErfifls & AiEsEaEs SR ar BolepLrachee e vpkthartrsal
Furth&@ﬂ%ﬁu%%vmmmmY@W@mmawmmmm
polymeheestraatsy wverdin toneudhdeg thhebihexdufag esulit the palyaering
sheetsnifpeoaiackuiiRatie sRehunss, Mnahe. RAEAUHGRALAECR 'ﬂgagﬁrﬁ%r
pﬁ@semxﬁg;&%e';m&fﬁﬁm%%@ ?Eaﬂ%glgdeicla a“ 5,? ke ee qver
urt

|nterlayerjul§t escr{)O betyv ayerso gass

example, SOMe emBodimEnts ca%%ﬁ@?é’? B‘WFHEF?W‘?B’E
exam ﬁﬁ’@e*%l“é&ﬁéweﬁghf&h Bgegerreridraolmpeisiensiremsonih e
sh eet/pgw@m firndeksiaeosheds the present invention. Further embodiments
include laminating the three layer interlayer just described between two layers of glass.
25 Asafurther example, some embodiments can have more than one polymer film, for
example, a construct such as: polymer sheet//polymer fitm//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
30 firstand 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



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 30 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 9 WO 2006/091707
PCT)Y?§%8%'/%66357 embodiment. In conventional applicafiSAS i WATEH
this three layer assembly is used, the polymer film layer, which is typically
polyethytediaderdphilvalsons] dspligpioallis thitkeristhanithe pelybiers fikadsthe
used i&gﬁ&%ﬁ@@ﬂﬁﬂﬂﬂ(&ﬁ@éﬂgﬁﬁ%ﬁ%@@%&%@ hisgwiiay dhigkness
's gengraly. isgHired o offer gag;f?sﬁa%e@%f IRdhRLsanesihAeiamation

and 5 o se uent tlcald that ten ooc ur w

econd ri
pane 0 ae§5| “ho ﬂ?@ﬁ%t&? T&%f?‘?ﬁ éﬁ%a ‘ﬁ%g ts
ofthe “ﬁFé@@i’ft‘ m%ﬂﬁf%%ﬁ@datogra%%“a%mﬁmwéé%ﬁﬁ@
presenihipartion fanelsapotyere ifitrmbdhinaeso thegrantisyagier bavingan

use a geiatiyely toipnespolyrepirbacaise ihe.supadonaaliiesafs the
poIym@fes51@&1&}9Em&wmslmgﬂémlﬁﬁ&rM%%@ﬂe%Q&&Q QRaes of
optlcaﬁlgg%g}a s& )] O%Qr%ggﬁgtn%v nt@n an furt er be, us§d o reduce

the defect known as gra dient mott mr?fmot’ﬁe IS a cto Sserved

m%vmdshlel S PRSI SR B HPep R e restes e el ki gofiaflers
where™ttharkredtsraatisona datyr shaepred jrsvindsbigidermeds witradicetear
poly(virkyltstyira)Fapeisiiie gisdientishadet)pariobitanindsietd can
exhibisoaarinifanm cadk ANAKGNbaraals)d. SoReRIdtsia.a windshield

15 a'%?i&@!ﬁ&ﬁi Q§1 @x’fﬁ@%&l%ﬂﬁ J&L%HE‘H@@%FQ& filmJor S%!ﬁ&%%%ﬁﬁﬁﬁd In
this case, gradient rpgltt le an es)e}ﬂme can appear simujtaneously. In
appllcatlons in WIII’OC es OF ot agg FE%0e IS B reate a

darkeFBYTFEFEH \Wﬁﬁ? &g’rﬁ@ﬁarﬁﬁl‘é%?ﬂ‘ﬁlé production of the
polymer sh&rpisirigntirevindthistsntt fies. predentdenpentiondiilbresut, in

variousrendoeineritsis vanfind tab 2R, theiaknoy 6r giveyRie siaBising
post-axg mﬁmQﬂ@y%nawsmmiM&QmM%% SB&RE
hﬁ"”%‘ﬂﬁx@iﬁ%@@”&{‘ a ssembly, with or without other layers, will
result in are uction of g%%sgnt mot ué\ccordl f'eqt‘ﬁe reserﬁnlnventlon
includBS SHBSHIRTER LS AP 2 FoR Arer e ﬂﬁ‘ﬁ%ﬂﬂ“@@&‘i‘éﬁf‘k
prodUBH Hecsietien a5 eadionrraeilsd SesPrifechr s eresinninrstite indudes!| as
multiptetieliaeng fsshphnetdyincehporating2b: palijmes ghaetd thusding to the
produsetods uf theframiiodmeants ameliaiaipd e meltie.WhicheaRappear
'ﬁﬁrcsﬂlﬁﬁgygﬁéats thus produced.

Further embodiments ameliorate LAG mottle, which can appear in architectutal
colored laminates made with layers of clear and pigmented poly(vinyl butyral) in contact
with each other. LAG mottle has an appearance that is similar to gradient mottle.

Various embodiments of the present invention involve architectural multiple layer glass
30 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
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colored laminates made with layers of clear and pigmented poly(vinyl
butyral) in contact with each other. LAG mottle has an appearance that is
similar to gradient mottle. Various embodiments of the present invention
involve architectural multiple layer glass 30 panels having multiple
polymer sheet layers. These embodiments of the present invention

incluti8 &S ES for making a multiple polymer sheet constPGERHFTWHIEHS?
two or 10 WO 2006/091707 PCT/US20061006357 more polymer sheets,
at least one of which is produced by the methods of the present invention,

are St%@&lﬁ%@?&%&t M&Lt%ﬁ@a@%‘c‘ﬂ?! p%ﬁ%&’%%@ﬂ)!&%d@%%@ %ﬁﬂﬁ‘?

layer such as p ene terephthalate las Iaye S, a

laminatec ?ﬁ’fb %k“?ﬁie%co AU ThESEEmb g (g%? “%?mtp
poly(vsh HW%XVB%‘?SMP@%&?%WF@ ﬁé%ﬁ%@&dmaﬁ%ﬁ%m
one amoiher, Braek onbodinbitooptivetpoipineimheetsitandmaireoiecsitisbth
susfaces aitheidaaan dipest-2inhossinegyalbes gitendlsewhetscharsin,
and ogng QLReR-AEHNGRAY RELSRERISEAR FOTRESEY S B¥EHRAEE, and
embodiments, s RAYMEL: %%Emfc%m? ,pgeasgr% 1% %E'Qm o%nﬁ'sgogsﬁyﬁer

contac Wlth another onmers eet, an nelt er polymer s eet comprises

a pigni&Hit "5?“8%@3%‘??&%@1%’%?&&% PREH IR AR S A REwn in
figure 1eE5 B apRFisai B ipiePRBISTASHIEYSilm that is conventionally used
asla performance enhancing layer in multiple layer glass panels. In
variouscgmizerirments, the polymer film layer 16 has a thickness of 0.013

mm 15 to 0€Q ﬁ&%&%ﬁﬂ%@%@r@%ﬁﬂﬁ&&@ Do R RALRRAIGHREDM.
The pgmﬁm{ f|LranL% 3&6 can., oap %nall d%mfaC? treated oreclaate to
improve one or more propertles KEUCh'as esion or |rl?frare iafion.

B T e e R R e
miditi-[@fet0 seae ReeST 8T B8R hE i & reth oo bP4 sfidGenaite pelisaiiiting
visibleldjghttwhepixpihsechitaurighbildoigodiinjayenst ackds kopwtedn 20
the artdSae adesR%AMMaCY VA8 3R ANEL Me PR RN AofBShdAR)kaNd
can C%an&s&yrL%mgisamhﬁqga&ggm%&%ﬂgﬁ@ﬂ%&&ﬁﬁm@% lgyers
and one or.more, (f ?nﬂgﬂe tvgo entla 95|ted tlcal
cooperahng drelaetrd éyers RIS fifayier sk % b
pate n{&ﬁ&rgie? 68 ramply W8EH350 ﬁé%?ﬁ?&%ﬁ&)’?ﬁbﬁ}%ﬁ e%wb@r
electricaiiplresis amuecHegtedfchidefrasdtingre ridefeggingedfamaass oemted °
glass layersa851dpoaanbymaryTiaoptayag diicbnis s CIRROMMABIS, iSee, for
optically: AR SPEIENNt: £017,661 and 4,786,783), the metal layer(s) may optionally be
electrically resistance heated for defrosting or defogging of any associated glass layers.

25 The polymer film layer 16, in some embodiments, is optically transparent (i.e.
objects adjacent one side of the layer can be comfortably seen by the eye of a particular
observer looking through the layer from the other side), and usually has a greater, in
some embodiments significantly greater, tensile modnlus regardless of composition than
that of the adjacent polymer sheet 14. In various ernbodiments, the polymer film layer 16

30  comprises a thermoplastic material. Among thermoplastic materials having suitable
properties are nylons, polyurethanes, acrylics, polycarbonates, polyolefins such as
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objects adjacent one side of the layer can be comfortably seen by the eye
of a particular observer looking through the layer from the other side), and
usually has 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 30 comprises
a thethIpfAsti’material. Among thermoplastic materials h&%iHY SHRANE?
properties are nylons, polyurethanes, acrylics, polycarbonates, polyolefins
such gslygcbpyior 2006409 A0 RECTHLEREOMMONSBE I ROlyprOpY @pelymers
cellulosg Acptates.ARdHACRIAIRS, MUB&HQP&%@@X%@%@QMmGFS
and ihe Jie. Buaia R embedImen i s Rolmerimagl A faamprises

materla s such as re- stret astlc films_having the note

ted
prope RIS Tn e TRERIGECYIET) égfé%ep?&ﬁlmﬁﬁﬁ%ﬂﬁ%m&ﬁ (fsRghalate)
ter%piﬁﬁ%’d@Tth%Wé%WI@ﬁ@?@FérﬂW%%? f%eg%éﬂi@(h%)ﬂﬂﬂam
variousuérwizodidients, bohyletihiencterspiithdlatdris tisadlyandshil to
variouggab acipeNiss s pebeimiapedciephtb alata)ihasaenbinxdally
stretchee tQu ey %vae%{&ngﬁﬁae&&@fe  Resn.peatsiabilized I8 RIQESS

Iow shai;[n chara '[ICS when subjected to elevated temperatures

(9 1EsS ?8% S r|n ge in both directions after 30 minutes at 150C).
v

arious X@é‘ﬁ‘ﬁ Paling W ubseaatnen frehaig fuestybiylsnsdumpitnite)
terepkﬁhal’a%éynﬁhﬁ%a@féaw presers suiepfith Hrvadisviosetip ingbskerbRuepnsan
disclosgglisaipulstistis@iuuropean ApplicationNo. 0157030. POLYMER
SHEET 15 The following section describes the various materials that can
be usggﬁqm%ymer sheets of the present invention as shown as
e%ment 14m f}gure 1 that have pro erties useful as an mterla[yerfln
ety glass, SUCH 2SNty Il "RE B Pa R Bofy her™
sheet' %WW?P%W%H&WW@W‘%%b@%Od
into a viredidy arethiat m withipteiforfes elas arlintadbyenirbigminated 20

glass structusescaedisatRBRINhEeSsHakaior SdotbrpRIMmReKiGHHeL by
example M@M&M@W&Eﬁ%ﬁﬁﬁé ﬁr@mx&g&%tmamwwe
q?t re§ult§m9m thg a%g cataIyS|s .And su ent n%%trallz §Q|f th

esin wﬂ'fegenera havpe ercomp

rC precursors |
additi8 W}P WW&%Fmﬁme%&%?%ﬁ%%&@lﬁés, |
salts, end@ubtecisireuielipmio df éaiplytheris| pracafaess.t B imydlt geherallotbree of

resin @mwithpenpiasi eilaaionndhe phignallyootaenmadiiues butyral), such as
acetates, salts, and alcohols. As used herein, “meli™ refers to 4 melted mixture of resin
25  with a plasticizer and optionally other additives.
Polymer sheets made by the processes disclosed herein are part of the present
invention and are included within the scope of the invention.
The polymer sheets of the present invention can comprise any suitable polymer,
and, in a preferred embodiment, as exemplified above, the polymer sheet comprises
30 poly(vinyl butyral). In any of the embodiments of the present invention given berein that
comprise poly(vinyl butyral) as the polymeric component of the polymer sheet, another
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Polymer sheets made by the processes disclosed herein are part of the
present invention and are included within the scope of the invention. The
polymer sheets of the present invention can comprise any suitable
polymer, and, in a preferred embodiment, as exemplified above, the
polymer sheet comprises 30 poly(vinyl butyral). In any of the embodiments
of th& Br&%&RAt Hvention given herein that comprise polyvinyFBHEPAT 487
~ the polymeric component of the polymer sheet, another 12 WO

2006/0R 807k € iS00 GHIGRSbiyaimbasinentdsinslodadoimhich the
Polymes LempaneRagnsisiaie RuEQAIEISSERE ALY R AN

butyral Jnthes mb ment ny gf the variations i ddtlv
mcludlngtic‘)’astlcllizo‘;:\11 smlmé %ﬁe%/%dﬁﬁe{:eghc%%%useg thEla mrrgnhgert

sheet Fi‘a?ﬁﬁ@"é?‘ﬁ%ﬂy?ﬂséft‘%%ﬁ%?éﬁ??@‘%?%?%ﬁ%‘i‘%t?ﬁ@”&&%ﬂt?&%f poly(vinyl
butyral). 5 I etfeabniBeianeoteTbiyRenmhee: Rbmprhsess enpeiaiier
based:aripadhaliviadetalizbs polyinybaicthehsitkpapotherembodiment,
the polymes SR GORNRE SRS oRONFE6F RBIEH G EARD, ey GraMRe,
cons'mgﬁ Bﬁ&ﬁ\é'%‘éiﬁéﬂ&gf&lv) &9‘%&&9@&%@%&9&&@&@%@ fike. In

poly(ethé/ e.vin cetflte com binations there and the | e In one
boalment e [50% COmBSEYY ‘r\ WBu A In other 10
eH?boawﬁ‘é’ﬁfgn%@%}weﬂ%eﬁﬂw@Hé*eszmghféwabﬁ irfg IR al).

In furtrebodnsbio diemehiretivkes obprrrisessivbbtiod imarisienp oby (wimpkdityral)
and opeyerR) axRoe Habn@Olyerssifiespe vmersriaviagmasuitalkianglass
tr?‘nsr:m;muwﬁﬂe@cﬁaﬁ ﬁé&@:@ﬁvﬂi&ﬁge/ t%@@gé@éh%&cmmﬁeaﬁ%
whic I r methods are_ qi cifically for
gl y(v%%gllbu ralgﬂgpor ex%m%@ﬁgvgvlthou mltgtlo%g\éﬁ?%% asgﬁrmzers
compSnenf SEemAgE e ?ﬁﬁ’iﬁﬁé"ﬁ’@ﬁé‘?’?&%"’éﬁ’i‘gﬂ% gtives)

additiVesy f%ﬁé&?é?@e%@bﬁﬁwme%pﬂmwmnﬂww@ds
polyméisganicdpahanecihlencdsnisctosadihmreiices useful as components

in polymer s&m&%em@dm@mg@mmmtﬂmg tﬂ@ﬂé@éﬂ}ﬂzﬂ&%@)}aﬁhﬁ

e e
preseﬁb an ac y SR B8y s Fﬁflzygfi(gn of gyatalyst

separSitATziap MBI Eh oG Srtieesimd AnjasiplibeattiBodiments,

the polymesiatieiscomadhisinis hohplvirey slsetyrat)riganppiices 1idoB5

weighéqpersenin(ubs %ty dexy @foupE aalouiaas aspakivinyly@isahol),

13 to 3ebudh, 16 Rydrexyl BrauR? SalpHALaHaPPRKNIINR/GRICN. Bk 1O

235 wt. % hydroxyl groups calculated as poly(vinyl alcohol). The polymer sheet can also
comprise less than 15 wt. % residual ester groups, 13 wt. %, 11 wi. %, 9 wt. %, 7 wt. %,
5 wt. %, orless than 3 wt. % residual ester groups caleulated as polyvinyl acetate, with
the balance being an acetal, preferably butyraldehyde acetal, but optionally including
other acetal groups in a minor amourt, e.g., a 2-ethyl hexanal group (see, for example,

33  U.S.Patent 5,137,954).
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25 wt. % hydroxyl groups calculated as polyvinyl alcohol). he polymer
sheet can also comprise less than 15 wt. % residual ester groups, 13 wt.
%, 11 wt. %, 9 wt. %, 7 wt. %, 5 wt. %, or less than 3 wt. % residual ester
groups calculated as polyvinyl acetate, with the balance being an acetal,
preferably butyraldehyde acetal, but optionally including other acetal
group8aA" ¥ MiABr amount, e.g., a 2-ethyl hexanal group (seBSTOISERAMBE,
30 U.S. Patent 5,137,954). 13 WO 2006/091707 PCT/US20061006357 In
various embduiasiemtspthépolyrie psheetsbamprisesspoly@rigybloutyy adying
having aeRleRENRIeihakablenstiidd) 98t 1306b, 36686/ Qs 2560700,
60,000,165¢39 9570 E%%@M&Qm%% I8 Swgﬂ 90 Grams per

mole (g/mol e of trialdehyde

0 Sma t|t| S fa |aI
can <';1L'=,8ug{%egagld‘D 55% a5 det?{e acet z glﬁs% 3’55‘&6 Haraen i o
weight f?)c‘ﬁfsféﬂ%[[”?gb"ﬁ} t (R BE TS ek fShS: @S‘W?e% Patgeyp 484,464
4,874, 84844 18143508044 8541 T90% yused Serdirh direiennttieokeninr et Cakans the

weight"widansthe mleight aignageynalen datnseighi. Anyspitakiemaethod
t[:)ar: ble p&%ﬂ&g&@&m&%&tm E@ﬁ@%ﬁ&@ﬁe@f“tﬁéﬁsl@é {HNEREGN. t
etails vin a n to
e ORI
2 30 R SR e e ?ﬁ@ﬁwanaa@c%@mﬁww
Acetal BEHRehas i Eacrdopinial ey Srisns ddidedomeshrbivgy, 3rd
edition,Vejeia fapages pBlgE. 38 B-BOUadwy(MB0E). cddAeclesd@ 00 3)ctian damadaaeht, I
anothethemizod ment deeingueaisaetnecideasrberbtheisin Cambeissed

Poly(viguisiiallis commersiabavplabipdnyanoys forms from, for
exgnp@utquﬂutlalnc St. Louis, Missouri as 15 Butvarm fesin Warlous

adhesion contr 'Inagents can be used in polymer sheets of the present

invention, incleffFGEaTRe Aiehbistes potrishiir sdensteberiditagrressiim
salts. MERyiResioeding sodibaaceirichiasbh withuth esaregnbngimarats of the

presendipuentionltnel idebbitarein@tdaHediiRnhase isclastedhl) - S.
Patent 2t i 2e &4%&% %Otﬁné%‘éé%%%@%‘%s PRPPE L

nicgtinate, magn -(2- amlnobenz ate ne5|um
di- (9 hgf?gx %g h&’s gtﬁoat “and magnesl'm?’ﬁjz'ﬁS “fﬁ)?PBl?R?Pﬁfé‘)?)chemlcal

abstrac ?’rﬁ%}%’ﬂ)g‘r ipars %?ﬁﬁ%mmh%ﬁ@b‘f%@@@@mﬂ
inventigHiEHeE THgHESRIMOSBIt isvaratresiodinbis (- dthydsbutyratedn the

Additiveszmssmzeli Rooyperatetispiatfieyaiwyer sheet to enhance its
performancedditives may be incorporated into the polymer sheet to enhance its performance
25  mafinal product. Such additives include, but are not limited to, plasticizers, dyes,

pigments, stabilizers (e.g., ultraviolet stabilizers), antioxidants, antiblock agents, flame
retardants, IR adsorbers, combinations of the foregoing additives, and the like, as are
known in the art.
In various embodiments of polymer sheets of the present invention, the polymer
30 sheets can comprise 20 to 60, 25 to 60, 20 to 80, or 10 to0 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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25 in a final product. Such additives include, but are not limited to,
plasticizers, dyes, pigments, stabilizers (e.g., ultraviolet stabilizers),
antioxidants, antiblock agents, flame retardants, IR adsorbers,
combinations of the foregoing additives, and the like, as are known in the
art. In various embodiments of polymer sheets of the present invention,
the pBRAE 48 sheets can comprise 20 to 60, 25 to 60, 206G T
70 parts plasticizer per one hundred parts of resin (phr). Of course other
guantitiés redivbe pgiédias i appropisiedos, ik WE28064A93 %A bon
PCT/USZ006/0863b%aihe, padicwlar aRRication,, l& ROES.ETPOmENS:.
the plastlcnzeirh@aﬁo@nbypgmwm@%];@wa £ oS 00 el B [0

15, few, orf weretsg n 10 carbon atoms, T € amount o

plast|C|zé") fcan b g’c'jnﬂ ?Fec{ntﬁemr%gég{%?fgﬁfﬂlﬁ‘i@lﬁﬁﬁﬁfﬁfﬁaﬁ?g)
of tRe p%fi?f{ﬁﬁ/ﬂﬁlﬁvﬁ?}y&w&’“ﬁ%ﬁﬁé’%ﬂ et dnotmsiorian t reaye 2
are added 806 dderedBE thesT.30R0ly [wmngh bty ral) Polymmessshees®éthe
presentekavention can have a Tg of 40C or less, 35C or less, 30C or less,

25 or less, 24l shRRd ol RLisR- ADMSUIARIE RIAE RELS Ccan be
added Lgvégh%!polg 1L resing, of lthe presen mventlon in order Poe?orm the

pojyme sheets, Plasticizers. N T t’g%f’pfb”ﬂ%sﬁ%%%%t
invention %%ﬁﬁﬂﬁff&‘é’”e@?é@%é%&%ﬁ%?@%ﬂﬂﬂ%Fafﬂ@P}Wé?R:ﬂ&Fé@hoI
among?Bie pthesy faldapladiviies clpdshforexfombxeintplendaigtbldete glycol
di-(2- ethylivutyrate)sihsietageneiipcabhist.eHay lrexaneaieiethens,
glycol @b@msaﬁ@@tﬁmtﬁﬁeaﬁﬁ%eaﬁeg}ygaﬁgmgs@ﬂ@}ﬁ ., Giexyl adipate,
ep

oty GEBIOIRY  SYSIREEY “?fj.norfi?y?["g' e e, e foony

digategi qlls )élba |Pate

polymerié p as@%’ ec?sacsauecﬁoém 6%%%5’8315%‘8‘ %‘“’e%%‘éfd”ﬁ ehagigplkyds,
mixturdSTisHEE pF f@%“ﬁ?ﬁf‘é’dﬁ‘ﬁ&%‘é&%ﬂtﬁ diackicd D3B8 Pat Ul 3 LHISNend
3,841, 89erishiicingipiatioses indh H St ibol dsidd 2 7LkB nPaiireNad 4ok 2ibs of
and misturegdaid onmbinatiensek dhedereueingxQtasnplasticsrcthat,
can bema@cafasm@ﬂ@@ma?amg@ o fs4 .68 ﬁM kﬁﬁg% a“%

cyglo C cohols, as djsclpsed in U.S. Pat, No. 5 137
Cy6ﬁto %%g;. ‘J‘éqéi‘éést%ré gus%lc g %‘cﬁfy < AU B3t %"%%ﬂ?é“emﬂo%ﬁﬁﬁéﬁfg

the plaSticizef @YT?fé’fﬁfﬁré‘th@WE?ﬂ%s(z -ethylhexanoate). The poly(vinyl
butyral) polﬁwﬁw&mﬁepmmmasmmmévme%mpnmsed and

ordinary skill in the art, with the modifications to the process described above in orderto -
25  produce a polymer sheet having the desired waviness index and roughness value prior to

embossing. One exemplary method 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 perpendicuiar dimension).
30 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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ordinary skill in the art, with the modifications to the process described
above in order to 25 produce a polymer sheet having the desired
waviness index and roughness value prior to embossing. One exemplary
method of forming a poly(vinyl butyral) sheet comprises extruding molten
poly(vmyl butyral) comprising resin, plasticizer, and additives (hereinafter
"meltI*EPdiig the melt through a die (for example, a die T 106357
opening that is substantially greater in one dimension than in a
perpengdigiat dimansion). AAAsathai.exemlacymsihodaf Jormieg a

poly(VigyliRubvrah Siest COMPIRESCASUNL ArMel5m 2 01 onia ALOUSS
solidifyj tlg% eg ga 9 bsequently removing the 15 WO 2106/09 1 7 0
S

7 PCT lidified resin as a sheet. In various

embodimentSSTHEBHY R EF SrestdEsi MRSt RiTebs eenyrof te gopusr

milffim etergosbion fheptrfififliprreteisvats dscloTs remtliniretwr soralriekiiond to 1.5
millimeters (Panhyr, Alsardnptaciestiin hmpresentimpaionRic siaeknor KoHS
of any efha, B@i&dﬁ}%@ﬁ@ﬁ@@ﬁ&ﬂ%ﬁ!ﬂ?%@&@&h&@&ﬁ&%‘%ﬂ@”

disclosei e i AANe LA Qmm%a%nf%egmﬁg %%ntf*m&&%%'ﬂud
includ sal in afety% scomprls a ayer of ss typlca

comprlsmg s rtly(ﬁloxﬂ)énp A, diamete] fymer

sH@eU@WWW‘@ﬁﬂﬂmgﬁ%ﬁm 'ﬁf@@é}ﬁﬁiﬁﬁi’é‘?ﬁfbﬁﬁmr

included is &Yarnmetbdesiafetsgladsicormdsidehly, aftivesshdetseofigiass

with anjeafpibe.polymierilOx-shertd RRbprafdn.cansty uols plibe prasent

invention d'%ﬂ%&ﬁ%&@ﬁé&’%@ﬁaﬁé@@ﬁ@ VRO ASEDGLES

Wlndsflgﬁq‘s‘iwwows agegcogeﬂ flnlsh%gj glas e'Products comprising any
mult

of the e Iayer constructs ol the reser?tm Rvention. Various polymer

oHet andloPHRTHER: g‘fﬁ&“‘?ﬁﬁﬁ‘?ﬁﬁ@ﬁ SWEahd WSt vy taeiTigtade
WI|| nofrisEgedepdasgsrtisivitieghe present invention. 15 As used
herein, "wavindgsririgeR;, of 5" Wi baricir eughngs sfydite»ar pdimer Siat e
determined accrislingiadhgdolow @%&&%@M&ﬁ&&éﬁg@%&&&m ‘
test sagie.of HaslGlARH AW HRL SR, Eg'gss O YAGULT RISl sop
re%JIatIed b}{g'“' rit room tegnperature circulatin sgg t A vacuum of
5 PSi IS TMBOSEU 15 B A TeC SR s §5HF %I%\’Eé
SSP i@b&ﬁmewﬁmﬁawwmﬁ@m %ﬁﬂeﬁmﬁwzsm%mh
stylus {vailtiblesfranpldVRitdi-GagHoE s seNe R Yarity isstenchi X klirectiy
measugishestsufacecopghness akpachrsidanithatestisample Profile
selectig,g, i&ﬁﬁ&s&@ (;W %&ﬁaﬁ%@&%&q&;ﬁ%ﬁ&%‘@ %in. The measuring length is -
25 12.5mm and is composed of the 5 measuring length obtained by eliminating the first and
the last sections. The average value of individual roughness depths in these five
sequential measuring lengths L is determined and R, is the average of ten such
determinations, five taken in the machine direction of extrusion (MD) and five in the
cross machine direction (CMDD). The distance between two consecutive traces in each
30  directionis 3 mm, -
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stylus moves automatically across the sample surface. The length of each
trace is 17.5 mm composed of 7 sequential measuring lengths L. of 2.5
mm. The measuring length is 25 12.5 mm and is composed of the 5
measuring length obtained by eliminating the first and the last sections.
The average value of individual roughness depths in these five sequential
mead ity TéHdths L, is determined and R. is the average oftEHBHE46357
determinations, five taken in the machine direction of extrusion (MD) and
five in the Crosscmachingmieaiinn O, herdistaree behveRniWeis
CONSEGHIMBIT AE SR Ak SR A QHES GHOM, IS G O KL 2040
PCT/UI§%%Q)§4QO63§£7H;I; @F&%rzﬂine a \é\@viness index value (WI), the
Perthométer referred to a )ove iseﬁss'gﬁnwnh the profile selection set to "W".
A tracing lendgfh OPEERTr R IR hit sroureg ofdg S ur B trRedraetis Shcror
this méEenEhiemerEngdepatys predisiritnd) Shidnh 4 disithnystionffijess
mm measentingildingiig (e Briveeadt8 vatbreasuingdangehaasgnal
eliminatag)dpsighaei gital-eutionll Fait a delght&omaaelion:io Jhehagkah

the Pegthomelel e darale. wavingss MRYL ya'tage.slgnakfom the
Perthonrlggjtle;lg &%Leﬁt&%ﬂ'g%%gc%% {]5) a cortr‘lguter. Ten traces are performed,

with five traces taken in the maching directon of BXFtSIE R ERd T fEE8s
in'the EPBSTPAGERRN: HhiddhbriAr heonsrarceal sahisBEtidsd Acti
conseéemivdetratieslc Vheahedgmthe it0SdthSenvettiDatao, which is loaded
on. the compitite¥ vatlanhitd sigt e idecha@iRinG g priepasing @i ihat
value fkamdie Pt elhedeniiaces, JRgwW ¥AlVeoL R eUsiAcR QR
sheet ﬁgzﬁg%ﬁ}%s&%’u%é@a%@e f%ls%q‘%ﬁ’t u}%%tsl sa(%fe%%?e in a car
W&l}dshle|d, Eﬁgeneggm%%te&n%y averaging S|ng<jee values from
evénly distribtted Samping oISt hnereti sedes: thb sHukees
The s&rRReciYieN stel oeiferms . depending opBsitecborfelcemalicns
indicated teldeid erelucariyigides imbadinemditite pisesitizndep endingoan
the metbos efiganufact prewand theodesiiRG-RERRetndI0AIRIS +/- 15% of

embodigs f e ' I ; 2% G Ilér% e o
obgained ;ﬁﬁﬁ?@%@%ﬁ%@ s BB 8 T or

the average, +/- 1006 of tha averageac EH AR YR Ay TR fPs P POV
the avBIFELEBrH 4HER Fotr it ddeas A Se 08 e thidieestBih a claim,
when Beapfepanierodes depobpdrbove frdotiburfdciis ojie avimge ot} @t least:-
90 of ths&00 values obtained in the measurement process described

above fall wiig ﬁéa}?&%&@&%&&ﬁé@ﬂ Sk L%%&h pesitions for roughness -
25  ate as follows: Filter: GS, Profile: R, LC: N 2.5 mm, LT: 17.5 mm, VB: 625
micrometers. For waviness the set-ups are as follows Filter: G8, Profile: W, LC: N 8.0
mm, LT: 56 mm, VB: 625 micrometers.
Polymer sheets of the present invention are also characterized by their
“petmanence,” which is determined according to the following technique: For polymer
30 sheets that are embossed, a polymer sheet is measured for R, (R Base) prior to

embossing. After embossing, a second R, measurement is taken (Rz Final}. For polymer
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values. Using the above-noted Perthometer, other set-up switch positions
for roughness 25 are as follows: Filter: GS, Profile: R, LC: N 2.5 mm, LT:
17.5 mm, VB: 625 micrometers. For waviness the set-ups are as follows
Filter. GS, Profile: W, LC: N 8.0 mm, LT: 56 mm, VB: 625 micrometers.
Polymer sheets of the present invention are also characterized by their
"perMart&ie& ™ which is determined according to the followiPfgrETHifiefés”
For polymer 30 sheets that are embossed, a polymer sheet is measured
for R. (hiziBhsejephichinLmbatgings AlaLeMBORSIRGKeSREMRGRcd R,
measurgmeRl is, 1akeR B2 Fivalle 5ol RAMRR et Y OA00R0E L0 sheets,

PCTIUSONINGR hesin. Il arc ot mbgseed aloudnecs,
measurement, R, Is taken an PRTRST ARG ase IS given

Sl
the valtESERiST5p ff?%?ﬂ%%gﬁtaa’gﬁa%wm@m@@%m%m 7
centtimBErosiliaresarhprn S fiencogtromitivicpbl yratierghradhe polyther sheet
centimeterlesdardpiackeafspali ityignetore phhalatie)ds pHaghdomna
wood framemiesing.on %&Mﬂ%&?&&hﬁhﬁ@@&%ﬁ%ﬁ%@%ﬁ@pﬁ@é@%&%@hery
is S“Q%&@P@i@[ tﬁ@&&hﬁi@:ﬂ%&l ﬂ%grfof?%mptlgeﬁgfgrtpr) Er %ﬂg

sampl étk}lec la n the poly(ethylene terephtha fifm, and the
anoth(;?lrr sectlc?art{g s %’cfh ?éﬁed\féere thasi eﬁﬁﬁﬁ?’ﬁ’fﬁ@éﬁ?’ﬁ(’)@ﬁﬁ@n

polymérs SR ESEE ﬁ‘ﬁ‘?éﬁ”ﬁ?@fﬁé‘ﬁlﬁ?a%e@bﬁﬁsfﬁ’é’bﬁﬂ?%mﬁ@md
layers 2§9Eta mels AapdenRrvdiam fed dogeihet foritie bihder dlipsaifibe R;
frame &89dPpolymer assembly is then 10 placed in a preheated oven for 5
minutes at 180Gakheasarmmebis.HheR Jemayed ﬁ@ﬁu@%‘%&%}&a‘?oo'-
Another RR value is then determined for the polymer sheet sample (R.
I00C). Permanence can then be determined according to the following
formula: 15 permanencer.£R#4Q0C)|{E2BESe)BA BB Rkinal)-(RzBase) |
The clarity of a polymer sheet, and paffetitatly Badebglvinyl butyral) sheet,
can be determined by measuring the haze value, which is a quantlflcatlon

(r;:elgshé{r%jt tcch)rdln %?gl% %f %\%} X 2% tec-cl:-aﬁlq e, r’fl 2‘3‘ §ra¥ t o be
mf ch)az
Stiiete THoRSeR lghhfehgmitied

measuri e amoun aze, a

available '%BFFF ﬁﬁﬁ%ﬁ%ﬁ’&?&?@%“ﬁ?é‘%fﬂﬁ%@)‘%ﬂﬁ@ thsclellipying

aéRordeheaugyitn ST D1 068u6is(Rexapproite] OHFpRec athdseDAs,

using ichin aniicaioaHoGeAYREates (Reston, VA), can be used in accordance with
ASTM D1003-61 (Re-approved 1977)-Procedure A, using Hluminant C, at an observer
angle of 2 degrees. In various embodiments of the present invention, percent haze is less
than 5%, loss than 3%, and less than 1%.

25 Pummet adhesion can be measured according to the following technique, and
whore “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 ate cooled to
about -17°C (0°F) and manually pummeled with & hammer to break the glass. Ali

30 broken glass that is not adhered to the poly(vinyl butyral) sheet is then removed, and the
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angle of 2 degrees. In various embodiments of the present invention,
percent haze is less than 5%, less than 3%, and less than 1%. 25
Pummel adhesion 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
pummBPHHEY glass laminate samples are prepared witH STARFEI6357
autoclave lamination conditions. The laminates are cooled to about -17C
(OF) arhmaretighys phinizeles Mvadiayrerdpshie alvihaiglaspatd it o
removet i T RS i oA B
remove, ount.o
glass Ief]tro adohgreddti) t%%ﬁ%%/%%%ﬁé%ﬁg)%%ﬁc%ﬁ?&ﬁw %Slm%%%%do %vith
a set O StAnGATds. THe StanaLrd8 e s s s AP R dEting
degree¥dPitabe s i atesaricothe nolrmil b rraranes Fedmmiated
particukpss arglpefifmetseingatgofadersmodiass iadefpatdheretitipaing,
poly(viaylkiusyseilasite et B dpummed:siandateneiayd O pkRaY ek thesglass
remaingaahgied to the poly(vinyl butyrate) sheet. For laminated glass

panels of thepr. ﬁg%nveratiqndfvar;ous mbodiments have a(@]lljm el of
at llgasgoﬁ, at Iezﬁsi 5, aﬁe%ggt{& atfeast O, ot Cff)gn e e RBSHIRte A have

, or 10.
a pumme’ bERWSEHPE ShE 'ty divk Rk pHbes)dimdvibige dariersnoatia
polymePEREdt Lacpe Hdust feeris oleingdothBel Jgofotoedirithe index is
Transparenedrotddihglis kS B pelyrhbr stte etidnang thit kidiaving wmeatss
gﬁlymz#;ﬁum@_ ﬁ@'\fﬁbgl@p@&%ﬁs@&@_ Hﬁ'ﬁé}Ql@é}ﬁnﬁﬁﬁg{ﬁlﬁgﬁf?ﬁwfﬁg-
e INgeids. NG t metho “Standar
Test Method fol Esg?ﬂ?wggégd IniaH&; gj‘ﬁgz%% (%?gﬁ%e&mfﬁjg%&%bpsﬁb%‘fnmé?ﬁc
light transmittanc in e VisiBie spectruns: vati&éare corrected to 1 cm
thickness using measured specimen thickness. In various 15
emboditit@aks! yellowness index is less than 0.6, 0.5, or 0.25. Example 1

AI firs}/mé |tip§aamam@a§sya@ugg seubormedevitntbe fllawipadayers:

ass Wik BeMInQly

glﬂyra&g y@eghyy&grtgr !t ?(&g Jﬁ%ﬁéﬁnﬁeﬁm@aﬁ%ﬁg%{ém’ _wnm

millimeter ?L{EOHI Mylar%%%ggi;[&%ﬁ&%?ﬁ%%% 1!;5{%@ %%%%%ﬂngss
STeRe: FesHPRAYS KPS

millimeters in"thickne
secondfFtifHifte layer glass panel is formed with the following layers:
A second multiple layer glass panel is formed with the following layers:

glass//poly(vinyl butyral)//poly(ethylene terephthalate)/fpoly(vinyl butyral)/glass, where
25 the poly(ethylene terephthalate) 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,
Subjective analysis of the two multiple layer glass panels indicates that the first

panel has visible applesauce while the second panel does not.
30

Example 2
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glass//poly(vinyl butyral)//poly(ethylene terephthalate)//poly(vinyl
butyral)//glass, where 25 the poly(ethylene terephthalate) is 0.05
millimeter Dupont Mylar(r), and the poly(vinyl butyral) layers are each 0.38
millimeters in thickness produced through the methods of the present

invention. Subjective analysis of the two multiple layer glass panels
indicREYIMBE e first panel has visible applesauce while tRE™$ERHH(6357
panel does not, 30 Example 2 19 WO 20061091707 PCT/US2006/006357
A 0.76 millireiés thilthpoliivishifatyt aliysiiest{f(fstishestsiscneaierted
with blugepigmentedisolot. e shetikasail/i-ahkl 8,000and a0 Rz af-15
microng . higs6GLd:.LMBPRSIRY 19 MRS 22d-3.58:.000,W.The

sheet i then Ia;n nated between two panes of glass. 5 A second pofyvmyl
bu'g/ral s eet IS roduced l:(%conventlonal methods, and has a thickness

76 millifh SR R HIDE S Sortrigredncshby shuseisnloe hdtiatée
betweéifitrpant S atiinsorsRodult: pidicdibithatm citie isissipknirdhe
secondsheethyimnatif e first Imaging software shows that a mottle

value of 3. 9R@smt&me&mﬁim}@efﬂ%ﬁt}%&y@&ﬁd@h&%ﬁl%%‘éﬁ%‘ﬂ&of
14.5 is;phrained withy the %ﬁ?zf)ﬂ% \lll‘tlégﬁ?g Jhe thpré %%nt JAnver
t an

it i, now ible to rowde Eglvmy b eet, erp ymer
shrebet Wi %perlor gﬁt?ca % d in conjunction with

various other polymer sheets The problems of applesauce and mottle 15
can be reduéedor efifmpated byagingt ihempisibtiso palyikaoshasts, and
multipledayipshaeo astsapispelythe Rrase dmvantign.Aihouah.ambediments
of the RigaeRtRMENIANNGHE REARLRSEIBAL IINAIIONS, SIRCCMENIR. !
wilkbe e)%gg%mféo&%lof ordénbary skg1 in t e art that ma%sot er
permutations are possible and are withi ?Fnsé%&"é“bees HiEsfpeyer

presen°t°|ﬁ%ﬁtﬂ§ﬁeﬂ?s@%ﬁ’l’¥eﬂ?@ﬁnventlon has been described with
reference to*Ekesiiabpdawivodifrantesniinnititbe nderstdedibydthosdns
skilledembtidanents that Vbeides whiangesaay, el Made-dme egnivalents may .
be su@i&u&@ﬂﬂ@ﬂ@iﬁﬁ%ﬁé%@@ﬁﬂ%@%%@@ﬁk@&{ﬁ@ MeDEiREARG, Of
thgyinventiog, i agdditian.Mankmadiisalions may, be made 1o adapt a

embodiments, it will be understood by those skilled in the art that various changes may

be made and equivalents may be substituted for elements thereof without departing from

the scope of the invention. In addition, many modifications may be made to adapt a

particular situation or material to the teachings of the mvention without departing from
25 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 catrying 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 characteristios given

30 for any single component of the present invention can be used inferchangeably with any

ranges, values, or characteristics given for any of the other components of the invention,
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particular situation or material to the teachings of the invention without
departing from 25 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
appeldesdrditis. It will further be understood that any of tHRCFARGEE06357
values, or characteristics given 30 for any single component of the

preseniigyveiiamean Rediseditichanarakliwithian Yorabsgesnyalues,

h
20 WO SHDE LS B TR %%5%&%%%?%%% %@%';n

embodif rﬁ‘@lﬁ?%awﬁce FERRER B FE° oreéaélg ik noﬁgn given
herein %?&@QHWP%P@W EHRipRs theh e il 186 Sﬁ?ﬁﬁ%ﬁh" Pmmt
comprisimgisurface topography in any of the ranges given in addition to
any of the rangasugivendas plasticizes taionm many permtialions that
are Witﬂiﬁuﬁ&?«eﬁﬁ%mﬂw Qn@ E&Q@L‘ﬁ VGRS AN RHERIBIRRAR o
numbers > dven.w ufhln %h act ar any clal are for QIHrstragv
purposes < only and shou notsbe Constru&a to |I%m the claime |nvent|on
to any'BFE PEAIEGAF Embodiment shown in any figure. Figures are not
drivn to sciieh e drplsfiniieuTsiedicen IRt rapiraies, Ardiotking
journakdirticl eshepaiéritasapptications baribeoksits kefered to herein is

hereby mcorporatedmyer.gfeaam@, uﬁdtea&egu‘&tyuﬂmaggnables and

Values for {Sti-Smoothbatec—varable-Beftritontratde—h .v.mn fRt-space
delta to 5715 Rlnﬁ%ﬁke with fho I\_ll}nlggl jc a pealk-or-vall 3 “% nllmh br of
data points term@[of numb ap{fgfﬁg? rancg m mms idht
deltato 5 fount as a pea Qjal (=19 ts
5760 in orje trace mmm@g&@@gﬂ\(@neys FACTITO conv 't
Perthometgr data’0.038 count as a peak or valley 5
NPTPT Total nu}nb&r of data points S760
1 one race
NP Number of peaks and valleys
FACT1 To convert Pe:rthometer datn 0.038
to microns
Factor to convert minber of
FACT3 points to mm 40/NPTPT
NTraces MNumber of traces 1¢
PsubM Mean Pitch
PsubS Standard deviation for pitch
HsubM Mean height
HsubS Standard deviation for height
RIPm Average mean pitch for 10
traces
RIEE Average mean height for 16
traces
Wldx Waviness index / 1000
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to microns FACTS Factor to convert number of 40/NPTPT points to mm
NTraces Number of traces 10 PsubM Mean Pitch PsubS Standard
deviation for pitch HsubM Mean height 1-IsubS Standard deviation for
height RiPm Average mean pitch for 10 traces liIHm Average mean
height for 10 traces Wvldx Waviness index / 1000 21 WO 2006/091707
PCTI¥39008/006357 Sub SmoothDataG 1550 Rem Filter REFCESAfEPs3s7
Calculate Hot and Pm 1555RIPm=0 'RIPmisRollAveragePm 1560 Rfhm
= 0 Tillten fsd@ilAyerage Hm 5 1615Fori=1 ToNTraces 1620 E=0 1625
For k 35 Red 5ol 830 Mb(kh7- iMlads Pialley Height 1635 PK(k) =0 'PK is
Peak HeighiphQ d 6B raQeRispmample Point Corresponding to

Extremgsehde - Nexik 1689 ARfbah.' 0 NPTPT ‘Status Bar Update
(Eventsst0q) ; 194 drmMultiple * NPTPT /10 Then Pee =10 * (i -1) +((j *
10) / NE;I'GP'E): Af Per%> 100 Then Per%=100
fimMai{%\%a\ﬁgr.ﬁgqgg?%ressBar.FIoodPercent = Per%

1630 VLK) =0 'VLis Valley Height
1635  PK{ky=0 'PK is Peak Height
10 1646  F@)=0 'Fis Sample Point Corresponding to Extreme
1645 Nextk
1650 Yorj=1 ToNPIPT

*Status Bar Update (Bvents Log)
15 Ij=Multiple * NPTPT / 10 Then
Per¥h =10 *(i- 1} +(( * 10)/ NPTPT)
If Per% > 100 Then Per% = 100
frmMainWave.sspProgressBar FloodPercent = Per%
Multiple = Multiple + §
20 K Multiple = 11 Then Multiple = 1
End if

1655 Ifj> 1 Then GoTo 1805 ‘I not First Point
1656 Rem Code for First Point in Bach Trace Only
25 1660  Y¥fa(i,j)=a(i,j+ 1) Then GoTo 1745
1665  Ifa(i, i) >ad, j +1) Then GoTo 1705 Tirst point is & maximum
1670 Rem First Point is a Minimum
1675  Exir=¢ Extr=0 for Mininum, Extr=] for Maxinmm
1680 E=F+1 'Sets First Extrerne
30 1685 VLE)=a(i,j) 'Sets Value of 1st Valley = a(ij)
1690  Direction=1 'Direction (+1 is up /-1 is down)
1695  FPR(i)=0 'Sets First Point as Minimum
1700 GoTo 1735
1705 Rem First Point is 2 Maximum
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Multiple = Multiple + 1 20 If Multiple = 11 Then Multiple =1 End If 1655 If
>1 Then GoTo 1805 'if not First Point 1656 Rem Code for First Point in
Each Trace Only 25 1660 If a(i, j) = a(j, j + 1) Then GoTo 1745 1665 If a(i,
j) >a(i,j+ 1) Then GoTo 1705 'Fist point is a maximum 1670 Rem First
Point is a Minimum 1675 Extr = 0 Extra for Minimum, Ext =1 for Maximum
1680 E2¥1'S8ts First Extreme 30 1685 VL(E) = a(i, j) 'SefE Vi ia’
valley = a(ij) 1690 Direction =1 Direction (+1is up /-1 is down) 1695
FP(i) 270'SesFirst Point as Minimum 1700 GoTh 1735 1705 Rem First
Point iza Max#awm 22 WO 2006/091707 PCT/13S2006/006357 1710
Extr=144¢15 fed+1 17205R4¢ipomtlasaetsdmicst Point as a Maximum 1725
Directigns-1 BildkidP-PK(E) = a(i, j) 1735 F(E) =] 1740 GoTo 2200 'Next
(Next Pgint) 3£45-Rem First Point is the Same as the Second Point so
Check Next Pﬁ&iﬁlj 1746 EQP =1 10 1750 If a(i, j) = a(i, j +EQP+ 1) Then

GoTo 97390 'Pgﬁ%@re SIIUL:&%‘N%;?P?}%@1755 If a(i, j)> a(i, j +EQP + 1) Then
GoTo 1171575' Irs Po%,n_ts are axnggsﬂgq)ﬁn_g%@@%g{tgﬁare Minima
1765 ':JJ%EQS 1778 Q8T 1675 Run Boutine tor Mimmum First Point 15

| [
1775 ﬂeé‘m F&&PPéints are Maxima
10 1750 If afi, j) = a(i, j + EQP + 1) Then GoTo 1790 'Points are still the same

1755  Ifafi, j)>a(i,j + BQP + 1) Then GoTo 1775 ‘First Points are Maxima
176G Rem First Points are Minima
1765 j=j+EQP
1770 GoTo 167¢ Run Routine for Minimum First Point
15 1775 Rem First Points are Maximsa
1780 j=j+EQP
1785 GoTo 1705 Run Routine for Maximum First Point
1790 Rem Points are Still the Same, Check Next point
1791 EQP=EQP+1
20 1795 IFEQP=NPIPT - 1 Then GoTo 2570 Next i
1800  GoTo 1750 'Check Next Point
18605 Rem This Section for Points After 1
1810  EQP=¢
1815  EBP=j-1
25 1820  Tfa(i,j)=a(i,j~ 1) Then GoTo 2135 'Same Points
1825 fadi, D<afi,j~ 1) Then Go'To 1985 Palling Points
1830  Rem Rising Points
1835 I Direction= 1 Then GoTo 2200
1840 Rem Local Minimum Detected at Point EP (Bxtreme Point = j-1+CINT{EQP/2)
30 1845 H Bxtr = 1 Then GoTo 18935 Last Point was a Peak
1850 Rem Last Extreme was a Valley
1855 M afi, j} <= VI(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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1780 j=j+EQP 1785 GoTo 1705 Run Routine for Maximum First Point
1790 Rem Points are Still the Same, Check Next point 1791
EQP=EQP+1 20 1795 If EQP=NPTPT- | Then GoTo 2570 Nexti 1800
GoTo 1750 'Check Next Point 1805 Rem This Section for Points After 1
1810 EQP =0 1815 EP=j-I 25 1820 If a(i, j) = a(i, j - 1) Then GoTo 2135
'Same PO 825 If a(i, j) < a(i, j - 1) Then GoTo 1985 Tafing BHss3s7
1830 Rem Rising Points 1835 IfDirection = | Then GoT02200 1840 Rem
Local Mimimusrdetected at Point EP (Extreme Point = j-1+CINf(EQP/2)
30 184&df Extsmnibplhan3ale i bast Point was a Peak 1850 Rem
Last BExgtremeryas-acviaiey 1855 If a(i, j) <= VL(E) Then GoTo
1870'G4gpreniMallgy was not a Valley 'since it Did Not Follow a Peak '‘But
Followggl a Legal Max 23 WO 2006/091707 PCT/US2006/006357 1860
GoTol275 1870 Rem Replace Last Valley with this One 1875 VL(E) = a(i,
EP) 188Q Exﬁfng.agé 85 F Ea)%e:akEP 1890 GoTo 1975 1895 Rem Last
Extrem%owasrﬂ eak 19 Q I Q‘:fﬁg)\ﬁ%ﬁ) §1F5>K(E)) >=| Then GoTo 1915
1905 Rem Heig??faﬁ’on’? BesR{o this Min does not Meat L Filtering Criteria

10 191G 0T G785 TS TR B A SN Fhe G5 F6 1950 Found a

villey'?Recdtef 107
1915 ¥ (BP - F(E)) >= M Then GaTo 1950 Found 2 Valley - Record It

1920 Rem Number of Points from peak to this Min does not Meet
1925  Rem M Filtering Criteria
1930 IfB =1 Then GoTo 2200 Next j (Next Point)
15 1935  Xa(i, BP)>=VI(E - 1) Then GoTo 1975
1940 E=E+1
1245  GoTo 1870
195G Rem Found 3 Valley - Record It
1955 E=E+1
20 1964 FE)=FP
1965  VL(E)=a(i, EF}
1970 Extr=0
1975  Direction =1
1980  GoTo 2200 Nexij (Next Point)
25 1985  Rem Falling Points
1990  H Direction =-1 Then GoTo 2200 Next § (Next Point)
1995  Rem Local Max Detected at Point EP (Bxireme Point = j-1+-CINT(EQP/2)
2006 I Exir=0 Then GoTo 2045 Last Bxtreme was a Valley
2005  Rem Last Extreme was a Peak
30 2010 ¥ a(i, BP)>=PE(E) Then GoTo 2020
2015 GoTo2123
2020  Rem Replace Last Peak with This One
2025  PR(E)=a{i,EP)
2030 EBxr=1
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1920 Rem Number of Points from peak to this Min does not Meet 1925
Rem M Filtering Criteria 1930 If E = | Then GoTo 2200 Next j (Next Point)
151935 If a(i, FP) >= VL(E -1) Then GoTo 1975 1940 E=E+| 1945 GoTo
1870 1950 Rem Found a Valley - Record It 1955 E=E+1 20 1960 F(E) =
EP 1965 VL(A? a(i, EP) 1970 Extr = 0 1975 Direction= 1 1980 GoTo
2200"REXEP(N&t Point) 25 1985 Rem Falling Points 1990Rf THBMfEAcH
Then GoTo 2200 Next j (Next Point) 1995 Rem Local Max Detected at
Point EBsExtrgmeaPoint = -1+CINT(EQP/2) 2000 If Extr = 0 Then GoTo
2045 temb Extrereeiwgas a Valley 2005 Rem Last Extreme was a Peak 30
2010 lb@gi, ERymmsRIE) JReR 9 To 2020 2015 GoTo2125 2020 Rem

ReplaggshastPeakwiiL Tis/00Pr2085 FIENS 2fakE) 2030 Extr =124

wQ 2%@”%&%&;&1&% 061906357, 2035 E(B) = EF 2040 GoTo 2125
2045 R >§ me was a V alley 2050 If Abs(a(l, E%D) VL(E)) >=|

Then o 0 F terln 5 2955 Rem Heuggft from Valley to this
Max does no terln o NP LN € 95 2065 If (EP -
F(E)) >_ Tﬁ‘é%%bffo"%ﬂm@ LV PSR HEE DT Fe

Rem M Filtering Criteria
10 2080 KE=1 Then GoTo 2200 Next j (Next Point)
2085  Ha(i, j) <=PR(E - 1) Then GoTo 2125
2090 E=E-1
2095 GoTo 2020
2100 Rem Found 45 Peak - Record Tt
i5 2108 E=E+}
2119 FE)=EP
2115 PR(E)=a(j, EP)
2120 Exfr=1
2125 Direction = -1
20 2130 GoTo 2200 Next j (Next Point)
2135 EQP=1
2140 If G + EQP) < NPTPT Then GoTo 2155
2145 i=NPTPT
2150 GoTo 2200 Next j (Next Point)
25 2155 EP=j-1+CIngEQP/2)
2160 H afj, j) = afi, j + BQP) Then GoTo 2190
2165  Ifafi, j)> afi, j + BQP) Then GoTo 2180
2170 Rem Rising Points
2175 GoTo 1830
30 2180  Rem Falling Points
2185  GoTo 1985
2190 EQP=EQPr+1
2195 GoTo 2140
2200 Nextj Next Point
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2070 Rem Number of points from Valley to this max does NOT meet
2075 Rem M Filtering Criteria 10 2080 If E = | Then GoTo 2200 Next |
(Next Point) 2085 If a(i, j) <= PK(E - 1) Then GoTo 2125 2090 E=E-1
2095 GoTo 2020 2100 Rem Found as Peak - Record It 15 2105 E=E+1
2110 F(E) = EP 2115 PK(E) = a(i, EP) 2120 Extr=1 2125 Direction=-1 20
2130"’8% §"258b Wextj (Next Point) 2135 EQP=1 2140 If G fEjpoy/206357
NPTPT Then Gem 2155 2145 j=NPTPT 2150 GoTo 2200 Next j (Next

Point) 228 2¥B5 IE@ BB Int(RER29r2d60 If a(i, j) = a(i, j + EQP) Then
GoTo 2290 »2885 f a(i, ) muad JrnEQR) Phen GoTo 2180 2170 Rem
Rising Roinisu476 GoTork830:130 Ri8eRem:faiing Points 2185
GoTcl886 R480-EQP=EQRiM ~249530 ;2140 2200 Next j Next Point
253VOB006AA07 PC 20061000357, 2408.P = INU(E - FP()) 12)
NP = 6§ pAInIS 221QRsH0M.7 B.ESHRN. 5 B, 7 Wean Ritch 2215
PsubS,70 RsyhS & Rs = Pitch Sigma (Std Dev?
2240 PE)=FQ *k+1+FPE)-F2 * k- 1 +FP()
2245 HP(X)> 0 Then GoTo 2260
10 2250 'NP=NP-1
2255 GoTo 2275
2260 PsubM = PsubM + P(k)
2265 H(k)=PK(2 *k+FP(i)) - (VL2 * k + 1 + FP{) + VL2 *k - 1 + FPGY) / 2)
2270 HsubM =HsubM + H(k)
15 2275 Nextk
2280 PsubM = PsubM /NP
2285 FHsubM = HsubM /NP

2290 DelPm=4¢ DelPm is the delta (X-Xbar)
2295 DelHm=10 DelHm is the delta (X-Xbar)

20 2300 DSgPm=0 'DSqPm is the sum of delin squared (X-Xbar ™2
2305 DSqHm =0 DSgHm is the sum of delta squared (X-Xbary2

2310 Fork=1ToNP

2315 DelPm = PsubM - P(K)

2320 DSqPm=DSqPm+ DelPm * 2)
25 2325  Delfim = HsubM - H(K)

2330 DSgHm = DSqHm + (DefHm A 2)

2335 Nextk

"Skip over an error which might occur in the calowlation of the Std Dev
30 On Error Resume Next

2340 PsubS = SqriDSqPm / (NP - 1))
2345  HsubS = Sq(DSqm / (NP - 1))
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2220 HsubM = 0 'HsubM = Hut = Mean Height 5 2225 HsubS = 0 'HsubS
= Hs = Height Sigma (Std Dev) 2230 Fact3 = 12.5/ NPTPT Tact3
Converts Point ## Delta to 10"-3 meters 2235 Fork=1To NP 2240 P(k) =
F(2*k+ 1+ FP(i)) - F(2 *k - 1 +FP(i)) 2245 If PQ) > 0 Then GoTo 2260
10 2250 NP NP. 1 2255 GoT02275 2260 PsubM=PsubM+P(k) 2265 H(Ig)
= PKIZARYEB() - (VL@ *k + 1+ FP(i) + VL2 * k - 1 + FBY (F)&jsi%"“"““
2270 HsubM = HsubM + H(k) 15 2275 Nextk 2280 PsubM=PsubM/NP
2285 HsubhttesubtAdrz 2290 DelPm = 0 'DelPm is the delta (X-Xbar)
2295 Dellm¥mofd@eiRm is the delta (X-Xbar) 20 2300 DSgPmM =0
'DSgPm is the sum of delta squared (X-Xbar)A2 2305 DSgHmM =0
DSgHmsts the: S bdeliaaquates (acbar) 2 2310 Fork=1To NP 2315
DedPmsddsutiM -Rikgs 2320slrgRnas Renol tat(f2elioy 29p &ouddtiol)e IHM
= HSUbM -l 2230dR8aHMe Ragh e (et 2)a233@) M etk Skip
over a%%;{,gqygp&gmm &gpeur in the calculation of the Std Dev 30 On

Error QJE%PSFM? F(RSPRLAN Pradi)- 253 90b1SUDS =
Sgr(DﬁgHm(&h ]1%26 %o SO0 7O BTS00 S aa7
C

'Disable_error rror. (30To O
IE 2370 Rem Comrert mPomts to l\ﬁ%l

2375 PsubM = (CInt(PsubM * Fect3 * 100)) / 100
2380 PsubS = (CInt{PsubS * Fact3 * 100))/ 100

'BetValues for SaveData SubRoutine
15 PsubMsave(i) = PsubM
PsubSsave(i) = PsubS
HsoubMsave(d) = HsubM
HsubSsave(i) = Hsub$
NPsave(i} =NP
20
2560 RIPm=RIPm + PsubM
2565 RIHm = RIHm + HsubM
2570 Next i
2575 RIPm =~ (CInt{RIPm * 100 / NTraces)) / 1060
25 2580 RiHm = (Clog(RiHm * 106 / NTraces)) / 100
2585 Wvidx = RIPm * RIHim

DoEvents

30 End Sub
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2355 Rem Convert H from Volts to Micro Meters 5 2359 Factl -
0.038'Conversion factor for Volts to um (Taken from S8P documentation)
2360 HsubM = (CiInt(HsubM * 100 * Factl ))1 100 '(Cint(HsubM * Fact! *
10))1100 <-- (Version 1 for C5D Perthometer) 2365 HsubS = (Cint(HsubS
* 100 * Factl 2 / 100 '(CInt(HsubS * Factl * 10)) / 100 <- (Version 1 for CSD
PerthGhiBf4Y 7B 2370 Rem Convert P from Points to MillimBE&fgs2pteae3s?
PsubM = (CInt(PsubM * Fact3 * 100)) / 100 2380 PsubS = (CInt(PsubS *
Fact3redda))1100 'SetVaIues for SaveData SubRoutine 15 PsubMsave(i)
= PsubM ;RskHb SR8 ubS HsubMsave(i) = HsubM HsubSsave(i)
= HsubS NP veglguglqgl 20 2560 R1Pm=RIPm+PsubM 2565
RIHM=RIHM M 3’7’3‘%ext i 2575 RIPm = % Int(R)Pm * 100 /
NTraces)) /268 & st R TR At M PRErRERF ofg°!
2585 W’V‘/W%WF‘WW RIS 98 Rt BO A AideStE) 26081691707
3 FO@63%der Blandh2sl. A polymer sheet, comprising: polyvinyl
butyral) and a plasticizer, wherein said polymer sheet has a surface with

a wavinegs e beoleisNameid 0 SAYAe JUGTOMEIRrS. a1 %n%%l“e

of at Ieafgt tg1 qa?meters and a permanence of between 10 and 9

10
3. The polymer sheet of claim 1, wherein said B, valne is at least 30,

4. The polymer sheet of claim 1, wherein said R, valus is at lcam 3s.

15 5. The polymer shest of claim 1, wherein said polymer sheet has = 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 inyer interiayer, comprising the steps of:

20 forming & first polymer sheet comprising poly{viny! butyral) and = plasticizer,
wherein said first polymer sheet has a first surface and a second surface and wherein said "
first surfuce has & waviness index of less than 20,000 square micrometers, sn R, vale of
at least 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
25 polymer shest io form a stack; and,
laminating said stack,

7. The method of claim 6, wherein said weviness index is Jess than 15,000 sguars

micrometers,
3¢
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2. The polymer sheet of claim 1, wherein said polymer sheet is not
disposed in contact with any other layer. 10 3. The polymer sheet of claim
1, wherein said Rz value is at least 30. 4. The polymer sheet of claim 1,
wherein said R~ value is at least 35. 15 S. The polymer sheet of claim 1,
wherein said polymer sheet has a second surface with a waviness index
of e SEXHYFHG00 square micrometers, an R.2 value of at REFEERP6/006357
micrometers, and a permanence of between 10 and 95. 6. A method of
producingia MRubidelaye WHatavan womResing hr.seRs DioeQiauning a
first polymer.sheet comprising polyvinyl 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’mier iRt eEckn R haeia B B s Fn AmETSTHRA SN MRS o

pefmarrenidaisihetween 10 and 95; disposing a layer of polymer film in
contact with said first surface of said first 25 polymer sheet to form a

stack; andimaminRting.Said sirekn LidRSMetad.of giaim 6, wherein said

waviness index is less than 15,000 square micrometers. 30 28 WO

2006/0 1 7 / 82006/0063 The method of claim 6, wherein
said Wagwrz[gss’igi;ﬂce gﬁ%‘sg‘?ﬁﬂ:ﬁ’ﬁfxﬁ%ﬁ 58 i meters. 9. The

mé&thod of claim 6, wherein said polymer film comprises polyethylene 5
terephifaifteethtd Fhisirnéthdtcotataisig iwbepei saith Raduatismisgat

least 3@uditg & b BRINOEGLGIBIIME, MBKRIBEALBF WA Ldsa] deast 35.

10 12. Qgcmpgb&gig j H,g{ggg}ﬁpg%ggﬁ j

Iamlnagg beatd %1 &laafg%‘t?a& eg dsmﬁo ond p gr%gtrﬁglt%%%png%%é?@
utyra ftac

poly(vinyl ast|C|ze con
op}gog R s ot ce Sﬁ‘%ﬁ%@&ﬁﬁﬂ and &
polymmﬁkﬂﬁ\g@ﬂ 1A %@ﬁfact with said polymer Him has a

13. The method of claim 12, further comprising the steps of, prior to said laminating,
adding to said stack a fivst layer of piass in contact with said first polymer sheet opposits

20 said layer of polymer film, and, adding to said stack a second layer of glass in contact
with said second polymer sheet opposite said layer of polymer film.

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

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

emibossing said first surface with a rougbness paitern to produce said first polymer

shest,

30
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15 waviness index of less than 20,000 square micrometers, an R,z value
of at least 20, and a permanence of between 10 and 95. 13. The method
of claim 12; further comprising the steps of, prior to said laminating,
adding to said stack a first layer of glass in contact with said first polymer
sheet opposite 20 said layer of polymer film, and, adding to said stack a
secoWd ¥R G#lass in contact with said second polymer StiEaisejsposites
said layer of polymer film. 14. The method of claim 6, wherein said
forlmingaa fifs RabABES .aﬁhee,tlv@ﬁm_ Igﬁetirom'&gsg&péne&@p%ﬁm&péﬂ&'h RAHRR _dgh
polym er. fisi olyvin r sticizer, wherein sai
smootﬁ%%%%%%é{% t?gé%%%%uﬁ %gga\}\%??lgaqo v%g%i/igrjfess index of less
than 15,000 square micrometers and an R. value of less than 15
microméteTte BrkedoReEEs g Ramintnd Saviae sl moathoolymacbechuterivio
producesisaidfirst wolpedarragheet. 30 29 WO 2006/091707 PC
[US2006/006357 15. The method of claim 14, wherein said forming said
smooth polymersheelEamRsRs: MHoga e wilh.a dicdp lemperature of
from 1&%%91239]%2]0 Da‘p%mngg}llgroognof clai lgl, wherein said forming
said smooth polymer Sheet comprices 5 (aify A o S HRE g F5H 2
17. Thé‘pﬁwsii‘fco‘iféfgf’ﬁ’?“al,{\ﬁ?f’é%in said second surface has a surface
with a waviness index of less than 20,000 square micrometers, an Rz
value dRatleedt@t midrametelismandea, pargaangnce of between 10 and
95. 10 18. Arsnstada® REREMERGAROIYBRSSHSR! GURBISINGIONTIN a
layer compseRPahANARAN AR 2 RIsclzeL, Ieteld. Said Py
has a first surface an(ang second surface and a waviness m_ﬁsesx 0 fese
than 28080 SGUa e MicroNfotEre Ardasdheresitrestra ey widfirg guface, and
micrometer<LBPPEHESHASET ARt SRTEDe Wilosipgiss deltopetoorpdaidsaid
first supPicesTsitetaphonghmid ssipatteheet s rodiitiess Bitkx POl einsiget, -
whereisnsadichipoiyenay s RekNE A MAINASEREEX0HESsHR.20 $90ween
square; fie! 95135 (8L SiaPBREuAME /i AklRasi2. micrometers, and a

permanence of between 10 and ™95 on the side corresponding to said first

s%rfac? of said layer. . .
20 9. The m of claim 18, wherein said waviness index of said polymer sheet is less

than 15,000 square micrometers.

20. The method of claim 18, whersin said waviness index of said polymer sheet is Jess
than 12,000 square micrometers.
25

21. The method of claim 20, wherein ssid R, value of said polymer sheet is at lsast 36.

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

30 23. The method of claim 18, wherein said permanence of said polymer sheet is at least
50.
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20 19. The method of claim 18, wherein said waviness index of said
polymer sheet is less than. 15,000 square micrometers. 20. The method
of claim 18, wherein said waviness index of said polymer sheet is less
than 12,000 square micrometers. 25 21. The method of claim 20, wherein
said R,r value of said polymer sheet is at least 30. 22. The method of
claifer 8 IMER2in said R.r value of said polymer sheet is af {d45C 480051
23. The method of claim 18, wherein said permanence of said polymer
sheet is at least 50. 30 WO 20061091707 PCTIUS2006/006357 24. The
methogh of el aifckGe wae rRiNEaIsh Ry Rluanef Faig layefisdessithan 5
micromgeters, 5 25. The method of claim 18, further comprising embossing
said layer on said second surface with a roughness pattern, wherein said
polymer sheet has a waviness index of less than 20,000 square

mitroretvematHeR A ol Hi e sp rRising GrhIETIOR fetb ey ARt sheend
correspdadinthtorsaigsepond, stifatesod sajchtayiers: 10 26avivandthocbitss

producingpaooisiiple dayesdan) ehd 6o FUPHSH Y thR:slePs:abrernnam fist
polymgr-sherianRIising.polyvinylbutyral) 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

stiliar&mitFEHRsaiRodyriee A pptis s oy opwriiteER fand a
permanenc®sitaiEanioerssierORr st priivioysbltyel siipalpstidrsilim in
contactrith wgid-fisiisu seet bisdidfiefade alymecaliceitie: iomwasioak

disposirgsaday el ehalass Rdeeoiast Willveaid Ralvmershast QRROSE. Said
polymgrdilmysand,.Jaminating.said.stac 020310 and 95;
15 disposing & layer of polymer il in contact with said first surface of said frst
polymer sheet to form a stacke
disposing & layer of glass in contact with said polymer sheet opposite said
polymer film; and,
lansinating said stack.
20
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