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. The present invention relates to optical {filns useful _elg., as polarizers
5 and/or mrrors. Light-refl ecting devices based upon
~multiple polyneric |layers are ﬂnﬂm%%ﬁﬁgnﬂch devi ces i ncl ude
pol ari zers made of alternating~poryie _ whi ch the | ayers
have different refractive indices. 10 - - The optical properties

and design considerations of birefringent optical filnms described
herein allow the construction of rrultigﬂﬁggm for which the

reroy e very [Igeesnt fevena TriafS 1B SPHoRL Al Byl o B poaslas |
const ruct i ongof "‘F"""E ifofd. 15 mrrors and pol ari zers whose reflectivity
I ght de

for p-polarized creases slowy wi th-angl e of incidence, are
i ndependent of angl e Lightireflectingadevices basedrupesemuitiple polymeric tayers are known.

i nci dence away omthe _normal. As g result., rmult.il r fi.l ms havin

hi gh reflecti vi Eyml’iﬁs'%awn&e"é‘ﬁ& %35939 sma&ﬁp?@mams mezicilayers
direction in th . Taaferﬂfla | i fFOfen r@%ﬁtﬁ' jdag selected direction in
t he case of pol gl}iw%crhs'fso er avglodif vmtde andévzﬁfngth, can be achi eved.
Briefly, in one aspect the present invention provides a nultilayered
polymer filmconprising |ayers of a crystalline or sem -crystalline

napht hal enel0 di carboxylic acid poly d r exanple a

2, 6- pol yet hyl ene nap . E ) ) r |

et hyl ene gl ycol, nap%%@ éffgggb%x%dl gCS? 0 gmgs‘ri]’ %fg?r{ééo glfrltr géﬁicg.%
such as terepht fitaidesdribed Hein allowt the Tonstaiction &f Ymiltikeyed platkafor which the
coefficient, i.e. upon stretching its index of refraction in the stretch

direction Brewstersangle (the ianglezat wehieh zflectance R ppolasized dightgoes thzgrod. 5
' . and | f. | ect ed ' |

Dol yet hyl one t otoRfmrares 8 i€ pifeiElat THS e Yot T robisien . By Biayer

thi ckness 0f5 nomiffBfLand'polafizérs Witdse TeflectfVity Bi-gi—ﬁélﬂﬁied, lightt aacrfdﬁéselklab&wg

of the filnms of this invention in at |east One direction, e layers

of sai d napht hawitheangle of insidente; are independent of angla\of incitléngee or inarease ovith
angle of incidence away from the normal. As a result, multilayer films having

high reflectivity (for both s and p polarized light for any incident direction in the
~case of mirrors, and for the selected direction in the case of polarizers) over a
20 wide bandwidth, can be achieved.

Briefly, in one aspect the present invention provides a multilayered
‘polymer film comprising. layers of a crystalline or .semi-crystallin_e naphthalene
dicarboxylic acid polyéster, for example a 2,6-polyethylene naphthalate (“PEN")
oracopolymer derived from ethylene glycol, naphthalene dicarboxylic acid and
25 some 6ther acids such as terephthalate (“co-PEN”), with a positive stress optical
| coefficient, i.e. upon stretching its index of refraction in the stretch direction
indreases,_ having an average thickness of not more than 0.5 microns; and layers
of a selected second polymer, for example a polyethylene terephthalate (“PET™)

or a co-PEN, having an average thickness of not more than 0.5 microns.
30 Preferably, after stretching of the films of this invention in at least one direction,
the layers of said naphthalene dicarboxylic acid polyester have a higher index of
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PCT/ US95/ 16555 refraction associated with at | east one in-plane axis
than the | X947 t he second pol yner. The film of this BGREWS6WScan -
. be used to prepare nultilayer filns havi ng an average reflectivity of
.at | east 50% over at |east a 100 nm w de band. I n anot her
aspect, the pr esfedttiohussotidted withoati166$ one Thtpldreaak®s BfAnNAE YARTs of the Sdcbhid
conprising layers of a crystalli-ne or sem -crystalliine polyester, for

exanpl e polymer. hThenfalmyof Ahisr tyention camdessusstl \gopreparee multlayer films

m crons; and | ayers of £l ected,. sec ol r..f exa a

pol yester or. a%é‘f}%?f‘)ﬂ”gﬁg? rF@%?W&yé’k ab 1628 %e‘g'gﬁé%t&ﬂgggmo‘pﬂ?&mﬁme
than 0.5 m crons; (=Y gk&' of | Son 1 ' t

~one direction to a\tlmiﬁeaggft}let?w ce{’tﬂtl:g]tﬁ? gﬁlggﬁégﬁpg plﬂ%vgﬁlésg% gﬁggldfgr& p&l?ﬁ’éi-

di mensi on. She filinl conprisinig Ryersvefrd crystatline dresamiectystallinequolyester) for éxaneple

filns havi_ng an average.reflectivity of at | east 50% over at |east a
100 nm vi de baAdET, having an dverage thickness of oy EP’%E@@Fé-ﬁW@RP’GF angidayersef NGS

The invention w I rﬂé&mw ' ' 15
Figures la and\g:%ieac%g %:H%%Jr]g{’n%@ﬁ?tg‘? Vi e 1é gf@i%‘%o aar &’glé;rsﬂg?ﬂ{’he an
present inventavérage thickness of ndti gore tifan 0.5 micrumsj ewHersin esaid Ifils had ety
‘the refractive indices characteristics of the PEN and coPEN | ayers of

“the present ins@picheshin at least one directignt@ at lpast dwigeathat direction’'s, usstratshedit er
A rgul ra b
ot ack baselon e dne i of Y o, Gin Be ed B Bregahd italer HIR ;

a graphical Vi auiff anQvetige refléctivitilofdt WakeS0% dver AElRhst a 100 AMmARRIBIbaREON Of
an equally biaxially stretched 300-1ayer PEN coPET mrror.

Figure 5 is a graphical view of percent measured transm ssion of a 25

51-layer |.R polarizer of | | | rst order peak
T 300 am Bﬁiﬁp%ﬁggm BE AWiRd

near 0 ni : e s e grapmcat—vrew of percent
measured-transn ssi qheGhvetitidhtwill be fupthet exslainB® wath refsrefide H\ﬁeﬂiﬁﬁﬁ§§.

I nvention | am nated together. ] Figure 7 is a graphical vrew of
percent medlured tr Zigures siaoandflba agd diagtammiatigalr viewsaof zbe polatizer of dbent
i nvent i on. . . -2- WO

96/ 19347 present invention.
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Figure 2 is a graphical view illustrating the refractive indices
characteristics of the PEN and coPEN layers of the present invention.
Figure 3 is a graphical view of computer simulated data of percent
20 transmission of a 50-layer PEN/cOPEN film stack based on the indices shown in
Figure 2. ' o _
Figure 4 is a graphical view of computer simulated data of percent
transmission of an equally biaxially stretched 300-layer PEN/coPET mirror.
Figure 5 is a graphical view of percent measured transmission of a
25 S5l-layer LR. polarizer of the present invention with the first order peak near
1,300 nm. , .
Figure 6 is a graphical view of percent measured transmission of eight
51-layer polarizers of the present invention laminated together.
Figure 7 is a graphical view of | percent measured transmission of a

30  204-layer polarizer of the present invention.
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Figure 8 is raphi cal view of percent neasured transm ssion

204- | ayer powgﬁ of the present invention |aninated toget mgrmss\snssss

. Figure 9 is a schematic view of an overhead projector of the present

- invention. 5 Figure 10 shows a two | ayer stack of films formng a

single interface. Figure 8 is a GrapHicaF viel af Chetckns ifeisirell! efishiision Ve tHdS
-angl e curves for a uniaxi al birefringent systemin a nmedi um of index

1. 60. %laqu@anz;rsm present] mzenupntlymmmwhg e curves for a

i i al bi fr t f
o ea! 14, 15 and 10EHB0 /8T stematie ViR hAn SvsHIe sroichtas of the present

I ndi ces and z-i qﬂ@&t{oﬁr a uni axial birefringent system Fi gure
17 shows of f axis reflectivity versus wavel ength for two different
bi axi al birefringent BigateclG®:shows a two layer stad&uoftﬁlmsjfermingwssmgie imtbffacd, of

i ntroducing -a y-index dlfferenceln bi 15 birefringen f|ImW|tha

large z-index differédfigares 11 and 12 show ¥e; p\gt)igegs%\ggglph@w t a gyniaxial
introducing ay ly birefringent filmwth
a smaller z-i ndeﬂ)ﬁ%&k%ﬁs@éﬁ%ﬁrﬁé&xﬁnl&?ﬁﬁ% gure 20 shows a contour pl ot

sunmari zi ng the i nf orFigureor13f shows reﬂeEuﬁtye@erﬂxﬁ anglel@urvé® for a uniaxial
Figures 21-26 show optical perfornmance of nultilayer mrrors given in
Exanpl es 3-6;  birefringent SY##‘@EFF agegdinm of indew, 1Ot i cal per f or mance of

mul til ayer | ari zer n /-1 Figure, 32
shows the og I cal ‘:ﬁg E‘{é 8? Weﬁﬁug%v?awou%{g}qﬁpna}l%rp 5 10 -plane
Exanpl e 12; mdwesand fhﬂﬁi‘foﬁﬁuﬁﬁﬂﬂﬁbﬁéﬁn@&it's?@émperfOrmince Of the AR

coated multil ayer reflective polarizer of Exanple 13;
Figure 34 shows the dfigureal7 showsooffranisereflectivity \rqnsumwmngﬂeforetm different

P gl ari zer V\g 95( %@ blrefnngeglt systems.

PCT/ US95/ 16555 Figure 18 sholws ¢t él?ec?%ﬁr&rd“dﬁ@iﬂg%hﬁdﬂx diffEleAteTRIS Bidkial
mul tilayer polarizers given in
' 15  birefringent film with a large z-index difference.
~ Figure 19 shows the effect of introducing a y-index difference in a biaxial
birefringent film with a smaller z-index difference.
Flgure 20 shows a contour plot summarizing the information from
Flgures 18 and 19; '
20 Figures 21-26 show optical performance of multilayer mirrors given in
Examples 3-6; '
Figures. 27-31 show optical performance of multilayer polarizers given in
Examples 7-11;
| “Figure 32 shows the optical performance of the mululayer mirror given in
25 Example 12;
| Figure 33 shows the optical performance of the AR coated multilayer
reflective polarizer of Example 13; .
Figure 34 shows the optical performance of the multilayer reflective
polaﬁzer of Example 14; and -



Exanmpl e 15. DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS

5 wo 9khg34pr esent invention as illustrated in Fi gur epdrfusasissssd
i ncludes a mul til ayered pol ynmeric sheet 10 having alternating |ayers
of a crystalline napht hal ene di carboxylic acid polyester such as 2,6

ol yet hyl ene na hal ate - (P and - a ct ed | ymer 14 yseful as
g rgf I e%:/t i ve polog%‘ ggﬁ*’ﬁh?‘?’cﬂ%ucgppe OIBS?"EQ P W&lﬁ&r%%@t"éﬂ ol yner
over a ranggy plér‘* xial to biaxial ‘10 orientation, a filmis created

with a range o ‘ectivities for'differently .ori.ente__d_
pl ane-pol ari zed incident light. If stretched biaxially, the sheet can be .

stretched as nTTEtI’I cal l v al ong ort ho onaI axes or symretri caI |y al ong
ort hogonal axesRETAILED DESCRIPTION QEJLL N2 8L SBODIMENT]

properti F- ,,hﬂ Let y

orient eafby st re%‘ﬁ nﬁ lg{'m ngl gg)i@ﬁgtﬁ%dr é%?ﬁ%‘ﬂagelé ﬁ%pﬁ ggg{ﬁge's
refraction gjulfilagered zMEﬁcesﬁbbblI(F ha ﬁlteﬂhﬁﬁga Qﬁﬁ'@ of a :

i ncident |ight rays W|t he plane of polarizati:on parallel to the orlented

and t r ansvenaphthalensc mcerbpxylm eacidh @910'69151' rsuch st 2.6npolyetbylene caaphthataten

I II h f f..t.the fil th
of T Bt ve .mﬁ?aﬂ st Blter T sl € " RReNG Bolefin®, omiees ghe
whose pl aneggf sﬁ@tbﬁhEZPE_N?&lé&d)Wﬁ:&? dver L dafangd of aliﬁ'ia?nalBlfooblhﬂii ed

direction is”nmeant the direction’in which the filmis stretched. By
transvel®e dnemmmra film isecreated with drmlgctdfanﬂmﬁmgdaadlffanenﬂ}eomm of the

film the d.|r=ct ) vx/m h the filmis qriented. PEN
is a preferP %@69& fI? Vtﬁ\?e ¢ans be, stretched (

coef ficient aﬂ@ﬂn

refractive I ndex gg ) ?%frlg%i‘ﬁi'lﬁgt?dzdggﬁl NCi é‘trllltﬁéi | g?g Eﬁ)?g%o%#va#gfengt h

i ncreasi ng obitein desired polarizing and reflentingrpraperiies; s paral lel to the stretch
direction from about 1.64 to as hi gh as .about ‘1.9, The differences in

refracti ve i ndi cEer thepalarizes, the; d?Pﬁ?@qumsﬁt@g‘IE in a singlg bi t ed

gySPENst ret %g&oplaa‘ti}ﬂ;t?gktﬁe us?‘F%? @?ﬁlﬁl@@?ﬂ%ﬁﬁ%ﬁp#&%ﬁ%& %egt a on

the | ower 3fetween incidentfightsrays mthetherplme off polefization iparallel td>tHY orfentdi

transverse direction and t he
-4- \\cnsk; fransyerse directions. The index of refraction assoc:ated with an in-plane

T ot on B8 s pyrf T B o o R s ¢ MR CRAGRR kBT " T
bi ref i ﬁ;tehfé‘i e o At T v .‘ﬁ'é%i’f*’?%&””ﬁ%‘.*" B paEidl' s ar e
axis. By oriented direction is meant the direction in which the ﬁlm is stretched
By transverse direction is meant that direction orthogonal in the plane of the ﬁlm
to the direction in which the film is oriented. _ _
PEN is a preferred material because of its high poSiﬁve stress optical
coefficient and permanent birefringence after strétching, with the refractive index
25  for polarized incident light of 550 nm wavelength increasing when the plane of
polarization is parallel to the stretch direction from about 1.64 io as high as about
1.9. The differences in refractive indices associated with different in-plane axes
exhibited by PEN and a 70-naphthalate/30- terephthalate copolyester (coPEN) for
a 5:1 stretch ratio are illustrated in Figure 2. In Figure 2, the data on the lower

30 curve represent the index of refraction of PEN in the transverse direction and the

-4-



I ncreased by i ncreasing the nolecular orientation. PEN is heat stable from
~about 5 1‘39@"6’5’ ?o about 230[err] C dependi ng upon shri nkag®CTaHF1658%Ent s
- of the application. Al though PEN has been specifically discussed

- above as the preferred pol-ymer for the birefringent |ayer,

pol ybut yl ene napbphRl #hite ite b5 cirve re reseutstmehsdeaaa&ﬂéfﬁicuaﬁ dfeﬂ'ﬁNalﬁ ik her

crystal I i ne napht hal ene di carboxylic polyesters he crystalline
napht hal ene di catritoh glirectiny| PENt axhibjtscaudifferenie ini refractive indele of €.251tolM 40 in

~refractive indices associ ated with diff.erent pl ane axes of at, | east_  0.05
and _ pr ef efifhVistole, Spectym, 'fh e birefringence (dﬁfemc Fhi‘} Y5 Indexh FRINRe s

may be S“bSt'tUtlﬁ'éilF?sga arpeN %fdb‘i’e
so long as the hig rePYactlve mgex&leﬁﬂ%rhoenesn{ﬁo?ch X&h&g irec |oh%/ ; I's

not ‘substant§al I1§52Cyup awoi abelit zsaﬂc)mepmdmg rupohi skrinkage xregaiteméfits of the
t herefore decreased reerct|V|t gg?/ be counter bal anced by advant ages in

any of t happlisatignj nAl thas t brens specifically p dispussed | abpve ag dher ed

mateh of gl ass pregﬁgﬁﬁhfﬁfér% ﬂ? ¥ bRy, SOt ﬁéﬂh“ai%m R34
nononer s i ncl udguitdhis hakiabds well as other! crpstitling nhphthAdss dicﬁrboﬁﬁh@ pé]zyesters
sebaci ¢, dibenzoic, terephthalic, 2,7- naphthalene 20 icarboxyli

2, 6- napht hal ene Thecaystalline mmmmdmmmmmd ezdubisa dlfference in
The PEN sel ted- ol.yner .resins .0 p entlon bl.y
i lar ol £0y; SeRRHVP dudic” 5E0eifled, Win HiFRTeRY irlne, #1e, & &6 Bt bl

The two p &éfgﬁbé,%eégrzmly have a nelt VI sc05|ty within a factor of

5 at typical shear The PEN and the preferred sel ect ed
pol ymer |ayers of thMiporamounts of comonenters mayxbe substitpted into [the inaphthalene

properties to each other Ile still enalnl dIS ete | ayers
within the nult }%"81 g\é\ﬁep&yester so long as ﬁéh’ﬁia’éegmf’? %W the’ stretch

tenperatures of gha: Ve i&rﬁﬁn enj i t e
so adverse effects SO?JI@# lg?bﬁrsg% |ng siesle(yofA &Pgrrer fayers @B (m
during stretghi d@reforsdecmasabmﬂbcu\&;y)mm cdlint’erlbalar(wmt:y hﬂlﬁntaﬁgb@uﬂh:@séf

transition
96/ 19347 the following: adhesion to the selected polymer layer, lowered temperature of

PCT/ US95/ 16555 e@gﬁ: I e S t.han
the gl ass transi tp(')snont e{r’r‘-pe 4l f %elf %scﬁﬁg%m Lp\é‘% H% %#gm@&" sitioH
transition 't enptengjerdtaresf forh gtreching! edsatdmﬂﬁmohomefs include ttho3eebaked conmBy
be slightly higher than the glass transition tenperature of the PEN

| ayer, but by nisopkthalic, narelaig| adipicC sebagic, dibenzoic, Htezgphithalicy 2,7+ oaphthalens
have a 1/4 ﬁv eicﬁfb%&phé hﬁ &mﬁﬁtﬁal\%e Bxcg}b E&?ﬁ@ ot cfc%lfexanedlcarboxyhc acids.

‘The PEN/selected polymer resins of the present invention preferably have

similar melt viscosities so as to obtain uniform multilayer coextrusion. The two

- polymers preferably have a melt viscosity within a factor of S at typical shear

25 " The PEN and the preferred selected polymer layers of the present

invention exhibit good adhesion properties to each other while still remaining as
discrete layers within the multilayered sheet. '

The glass transition temperatures of the polymers of the present invention

are compatible so adverse effects such as cracking of one set of polymer layers

30 during stretching does not occur. By compatible is meant that the glass transition

-5-



of layers designed to reflect different wavel ength ranges. Each | ayer does

not WO\%6/19340 be exactly 1/4 wavel ength thick. The oveP€T/UB6555
requirenent is that the - adj acent low high index film pair have a
total optical thickness of 0.5 wavel engt h. The bandwi dth of a

"ndi oated" | nompRapie st T elbchd ST mpR i 180t i e elal Findlion Efitd:ite
wavel engt h off thePENlayet: The glashransition fintpebatutecofothe Skleeied pobythétSayéroughl y

a 99 percent average reflectivity in this wavel ength range W|th no

measur abl e temperatuse anay beslightly: bigher dhanntbacglass twansitionsieoyierafurecefsthehan 1.
percent trans.SSio reflectivity) is illustrated in
Figure 3. F{@H@@' P%“t W&%&Q’%@Pﬂ%@ characterized as percent

transm SF' on. ,bﬁletlﬂﬁﬁ ﬁhﬂ%’ 11 davelensif thdRh&s ivith differedtQets

measur abl e absorbance by’ t he the present invention that percent
reflectivit yofi layers plesignedi te deflect 'dif&rénil WMlergth eangeso nEdchplayer does not

pre er o <dve o B8 sBrHe /4 wpe ol oo Clbmkind Bsquirement instat ez
| ndex and suieloagy 'lﬁk{' !V%ﬁ@:?sﬁfn’i‘ Fae! hV‘Ii? u;ﬁjﬁﬁ féﬁ %ENofaO’Sr

associ at ed e transverse axl s as I gure

Li ght with iwavelengtle The bandwidthadfar SCyepstacknof BEN/dJPtB—Elayers hivirg the
pr edom nantly transmtted by the polarjzer ght W|th its plane

of pol adPzatindex differentiabindicated n, ls%rst%, FrithyJayer @eclin:sﬁe& eb@en to be a 14
|1 d 5 T
bt o0 e 6 18 i o 50,9 ik SPUBHE A BRIHS vy he

I enses, m rroor perdsst wm@eﬂ&ﬁﬁtpdhamiszmvelangth rangé awitle Ry’ infedsuriiblea
“mrror-like |l ook which is considered stylish in sunglasses. In
addi ti on, PRRserptien. ¢ pompuisr-modeled icurve; showing:less then dr prreent drensmissionet

efficiently t pegtr tive
pol ari zer of(g? Wﬁ'&ggﬂ%ﬁfﬂgéﬁﬁ%@ ﬁéﬂﬁs% b lgh‘g%]f a{g]gécilﬁiet ﬁ$

i nf rar edsshefhraberiaéd d€percent tran¥iissioh 1 I8 $Hould be understood that since there is

PCT/ US95/ 16555 For the polarizer, the PEN sel ected polyner

| ayers have ngt measurablerabsasbance by. the fils afhthehpresentainvention daati parcenss of
refraction ar r ef er abl ubs The mat ch of
refractive |'ﬁﬁ?°2‘é{ MQFMX h’eta#ﬂg%‘wﬁ'% lah\?mhc‘,?r typically is the
transverse axis, resulm | (pefceSiraiinigiony < t REfldctivityy, |1 ght in that

pl ane of 5 poI arization. The selected polymer layer y al so exhibit a
decrease in the The prefﬂ'tedasniew pohmdmolhm@m tisotnopic Bt refractive

Séiiﬁi 238 ofideRchn g rE:ﬁLv%'ep&ﬁ frpsivpinfeR of e PHRY Iabier dypociond Zci.“ﬁn |
(r)ef ?ejc'?: (r;lnng?hﬁal ghmﬁgﬂﬁl tsep ane 0 pé‘l?g:l Zatallé(')(l’)l El%rlﬂf'lﬂsgpla%e of 11
transverse pblarization & this direstiont will' be qpyedominawtly Baﬁimtwdcbgsmqiommrt he

transver se- axi s-.associ at ed I ndi ces of refractjion of adjoining.l ayers'
af ter stret dhiledight yithty,plane.ofpelarizationan the oriented direction will be reflected

as illustrated in Figure 1b.
25 The reflective polarizer of the present invention is useful in optical

elements such as ophthalmic lenses, mirrors and windows. The polarizer is
characterized by a mirror-like look which is considered stylish in sunglasses. In
- addition, PEN is a very good- ultraviolet filter, absorbing ‘ultraviolet efficiently
" up to the edge of the visible spectrum. The reflective polarizer of the present
30 invention would also be useful as a thin infrared sheet polarizer.

-6-



and preferablx | ess than 0.02. Another possibility is that the sel ected
pol yner - WOMINTt s some positive birefringence due to str@CTAISAHI6SBUL
this can be relaxed to _match the refractive index of the transverse
axis of the PEN layers in a heat 15 treatnent. The tenperature of this

~ heat treatnent shoul Gatli },5,.?, ' ' in
the PEN | ayers. @Me%@%ﬂp@éﬁ%ﬁlﬁﬁ ggl e g@féﬁn@?‘mf %t?%e%q E'akis
pol ari zer of thefopmeiemthei assaoidted indices of refractionogre| preferably eibstantially @ghdlon
product of a napht hal ene di gcarboxylic acid or its . ester such as

di met hyl napht ha @aFCQr&ﬁd w@amwnﬂcpem@cmm that ois.nwhich tgpicalli ix thet
and i sophthalic hal.l i heir e . .di pet hyl

- terepht hal ate ratgignl&ng ggir%’ é‘frirttgfaﬁe\1 %lé)?(gxe\%%]ﬁ{ (%108%hgéot?"e"s%g:hcg§gtlgr % %ﬂevﬂfth
et hyl ene gl y6ol .pofirimtion.opThy aelected pulyhen ldyee map aBoOéxHibie and&ieRk in the

I nvention have the properties discussed above and have a refractive
. index associ at edeffpetive index asspgiated ayith the stretghidiregtiom p Ar rogative birefringeetaf

Lol ool b SReSHRChYRERT g e dMingl ol RRARE N el ™
' sebaci ¢, di benzgh@iced 6f RPfALHGH bfadjdinfg RFESRHcEHE with the Qﬁg‘gﬁm%&ik g’glﬁer

. 2, 6-napht hal ene di carboxylic or cycl ohexanedi carboxylic aci

. sui tabl e vari at itbegeflectioneofc light! witht its plane| ofdpolatizationcparhllelt foy thentragsverse | |
- propane diol . bufane diol .. neopentyl col ol yet hyl ene gl ycol, .

" tetranet hyl éﬂe tig s skill 'ﬁgﬁglﬁi% eﬁﬁ £ ,8" 6%@%9%!’%&’%%9‘,’13@
4-7 hydr oxy V\%‘ 82? ?xg%iﬁe?@épﬁﬁ%ﬁon of adjoining layers after stretching should be less than 0.05

- PCT/ US95/ 16555 and preferabilylless tharb0<)2heAmother pbssibilityixithat the seledled! pblytiepxy

- bi phenyl, or w. 1,3-bis(2-hydroxyethoxy)benzene as the diol reactant.
A vol ume aver ag&Xhibits sgme posits F@I‘%gl‘lge%e BH‘H gizetehing hbut thissanrbe telaxed toe a

good gui de in prenari néff&{i . S It .

. copol ycar bonat es ;@?ng. auéjlnéqseg ?fr g%glﬂﬁ{%%fs@ @ns okgbn%% d%%b’hﬂa?%l e
" with the gl 3§s treatment OThé esmperatire’ 6f this RedY trex¥ment! $hodld not be 56 THigle bl (6@
~index associated wth the transverse axis of approximtely 1.59 to 1.69

" are al so usef ul Telax theshirefsingence in the-PENJayess present invention. Formation

of Tore pol yrora i i T mreferSARRIes R MANALL abink pBARERE BF b RldaF BniEaib”,
- a viable sel ect @gfaeepol dfCthe reaction producief @ t?apﬂl'hhleﬁédi&\‘ﬁbﬂ?ﬂb%idab} is

. stretched pol ari zing sheets 10 are positioned with their respective

. orientation axe€stebsughas dipethyl naphthalate rangiog fromi 20 mole pencentital 80/ mole

| stretched. the latter .ca .bot h PE fractive jindices in_the plane of
' the sheet i%(gr e -5"4 H?@B@Et%‘dw a6 Py tHRIr CSI6E SUCly A%, dimethyl, of

a refract ieteplithilaé RngngSiom 20 ifokeChdreéit o' 80'imole Rabdht YeddES with

. pol ari zati on,

ethylene glycol. Other copolyesters within the scope of the present invention

have the properties discussed above and have a refractive index associated with

the. transverse axis of approximately 1.59 to 1.69. Of course, the copolyester

25 must be coextrudable with PEN. Other suitable copolyesters are based on

isophthalic, azelaic, adipic, sebacic, dibenzoic, terephthalic, 2,7- naphthalene
dicarboxylic, 2,6-naphthalene dicarboxylic or cyclohexanedicarboxylic acids.

Other suitable variations in the copolyester include the use of ethylene glycol,

propané diol, butane diol, neopentyl glycol, polyethylene glycol, tetramethylene

30 glycol, diethylene glycol, cyclohexanedimethanol, 4-hydroxy dipheriol, propane
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15 Bi axr al Iy stretching the multilayered sheet will result in differences
bet ween ¥ractive indices of adjoining |ayers for pI RAFIEUSHAPMWS| el to
bot h axes thereby resulting in reflection of light in both planes of
pol ari zation directions. Biaxially stret chi ng PEN wi || increase the
refractive i ces gﬂ@n ed th t e axes. el onfr 1.64
to only 1. 75’1114():10 are toa{ he \gﬁnl axi Izglﬁaval ug%ogh roxy20 9{Pﬁerefore o]
create a di elleﬁ-tbus(z-hydmyethoxy)hemnpas tlendiol e¢actant.i \A wvplufsenaveriiges ofitlieh

no noticeable [rigdescence) | ow refracti i ndex COPET .is pref erred as the

ol ot ed pol yRERCEARSS ﬁi‘zremqagmemwea@emm gide 48 T5PRArOE: PSeE | ndlex
of abo é&ErSA 399 fi tion

“in |ayer L&)pé% C n'essfi dégllﬁg%e’d %‘@byoverﬁ%é? e v?@g% %33‘3@8 rum

Cwith six §ventmpeatige a&npaﬁblammm\@mtmmonmpmmrof@m%dnﬁ&ﬁ @r mance

shown in Figure 4, A reater - degree of symmetry of stretching yields
an articl e t Kefractivgii quasmmw yhﬁmsverse axis of epproximately d <39 tocl.69
properties a Is L
desired, t\/\oggerhr%?%éﬂs‘ ﬁl)@:idrie\;/elﬁlnt%?eo yt"é) Hg%d F‘W“&m of the

conposi te to copel estaeorraipbmanbmiw byapdniseaérification \f ¢ivb .orGfioleGdlymeds ihhe

optical 30 thicknesses of pairs of layers within the sheets are
subst ant i al | yhe-exteusion system is-angthen ppssiiie route to a viable selected polymer

PCT/ US95/ 16555 I 1ef wh |
ef fici endy, subst 2ft |"<’ﬂkFyat i’i}"targrﬁvg’\n remh Mﬁlﬁfiﬁp‘gﬁﬂ B egleg ?{)aﬂ'\'ﬁe of
reflectivi tyg}@kmSned “ﬂi’tﬂ'\flel} réspettie bAehtHfich Akes rotated 909%? thd EhéquOQEt I cal (

t hi cknesses pairs of layers within the sheets are _
substanti al | piaxipliy stretdhed.cdrrﬂmslatter case) botbfﬂmrefamtwesmhcésrmauepldnam wi dt h

_ tpgﬁgrl zer shgyt H deuaI géﬁ%ls lé?}gg% RS Cwb n}\%ﬁ{aaagge ?'}Met "
still pol ar'g%f?%nwg%a& ?Bssﬁag?g?] reflect héﬂttsf %a&rd s a?.??n eiton et MY

be asymetri i axI al ed to ro Vi ng
sel ecti kareBlamallyvetremhingolharmnltﬂqud)rsheetlwﬂl result in " differencéshbetpiced er r ed

| ect ed I I bi | | tretched 10 I t
7S based "onfetrasnupiintlars of sliching Hayers O alanes reralie) dbchath ases therchy

| oh d t | d
while o é%ﬁrm.fﬁﬁﬁrﬂ’gf 7Lt Bl s of PRBREDT AN gty | 7

di car boxyl i cstretching®EN will mausel thba-eﬁmﬁwwndxcemsmmmdammmaetﬁes eprove
t he adhesion to PEN. The dio onponent may_ be taken from any t hat

have been pr Mw&wﬁﬁ%ﬂr%&i only 1. 75?r eqrapared yoithe uniaxdal: walup@fyhd has an

ot acti 2 o HFREHER i creals € aleldic mirtof With 99 percBsEORAHT @0 iyt '
sel ected pol ﬁﬁ&ioti@ealﬂe ciﬁaeﬁcum)er 16w refractives 5oy 66PEID 8! frefertedy hs RRS Y TET S

and copol ynmers nade from nobnonmers such as vi nyl ~ napht hal enes,

styrenes, eseleatechpolymess Optical ingdeling dndicates yhis ds possitie witth an ripdex of ,
m ght be errp%edl 5?0”9\9%66‘1&;%9 ﬁ)l?l{ WAR 2 gtfwl&centths@nd%r& ya%v:a?ion in layer

thickness, designed to _co_ver.half of the visible spectrum with six overlapping

25 quarterwave stacks, has the predicted performance shown in Figure 4. A greater
degree of symmetry_ of stretching yields an article that exhibits relatively more
symmetric reflective properties and relatively less polarizing properties.

If desired, two or more sheets of the invention may be used in a
composite to increase reflectivity, optical: band width, or both. If the optical

30 thicknesses of pairs of layers within the sheets are substantially equal, the
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and pol ycarbonates m ght also be useful, exanples include: polysulfones,
pol yanm des, WOI9/1837 hanes, pol yam c aci ds pol yi mi des. Napht h®CERISIYI65EHS
and hal ogens such as chlori ne, broni ne and iodine are useful in

i ncreasing the refractive i:ndex of the selected polyner to the

. desired |evel t I g&%,c t

i ndex of PEN asé%@?o{ledamp?%ﬂ% gfﬁ?iﬁg‘&g%sg&kﬁ éf%?lr flh%lk&?n iz}'rﬁ'&l #ﬁ}zer
Acryl ate groupsband witdthoand epectral awige of Irefléctivitg e el l'usand") as ctﬁerlﬁaﬁidml
refractive index for use in a mrror. igure 9 illustrates the

use of the pr eséhﬂets- nyEthe ontical thlcmssﬁ of pairs ,qfalayers within ¢he, sheetp ang aot or

30. The projecto Q.S a tha $S|v e ] an

features of a c8 %HFF@%&F“”&V %‘@t ﬁe& %ﬁﬁg(ﬁ Rgagerbggfggitgm
-9- ¢ WO 96/ #R3fidividual sheets, A compo site combmmg mirror sheets with polanzer sheets
PCT/ US95/ 16555 proj ection head 34. The projection head 34 1s

attached to t hembmﬁxl&hr lincreasings total reflectyncetwhileostil) polatizing mmmd hglsted or
| ower ed t hereby noving the head 3 f.rqm,t he bas
by conventi onal eR¥ntd rﬁ!’Ej ?\%rwsgeg,gsymmemcm é?l q’e&ﬁ'ﬁgs%r ce

36, a power sup arPpy esand
appropri ate opt P@gf‘ corr?lp@n% suc éz;gedaé‘:%{?érror 3 o?p rectl ng the |ight
toward a projection Thegreferred selectedhpolymerdonuse int@ biaxiallyostretehiedomirror

over head . proQj ector includes a transpayent sheef such as gl ass
typi cal |y hHi napRiicatiensis ohased on mﬁﬁﬂh"beﬁipﬂ‘ 6 aFFHRCICor r?é@alche?fel n

i sual i mage i <ol o IE A ratain, ?ﬁlr?ave%té"sgi?ﬁe"f’éf%@ﬁ o S i

proj ected such gl mimainingrddtiesiorwicethel REN nNephthﬂeﬁ@dxeaMxyhc acid may
conventi onal optlcs such as a mrror 42 and lens 44 | ocated within the head
34, tilhbeiempioyedein gninon ameustsdarimpronenthe adhesiom gy REN: g dbe ligl

di h d 0 f d
iu?na alr gdt eﬁer gycqxpg?c\f/ﬂ%ilﬂgr?ﬁy %ﬁ?uﬁgﬁ Oémﬁ ﬁ'i Oéﬁai L*N%t P%&[ ,Pg é” r?rﬂéﬁ\?f’ ‘bl e
l'ight. Whenisusepreférablyf the Gelebted 'palydtkraias raﬁ}indé50f teffactibh 'bP'lesﬁQhéxﬁlLSSeﬂ'ldas a

hot mrror. This is éspecially’inportant for | ncandescent |1 ght
sources where amote peferpbly aprindexto m&amno@assethm @555| s in the

cinfrared wavel ength. _The infrared.eperg roII can c
excessi ve heat Jtnds Jiot qEequired ﬁﬁ% é’?e Sl?%] eﬁ%e‘?’s

o ﬁ?&%@@%@gaﬁmx&ﬁweﬁ;@ﬁ;ﬁf@@a@@aﬁ!ﬁm@m
36 and the projvayl omaphthgleney). Sthrenes,! r ethylene, mﬂelcanaﬁiwdmde,epeacsylaes
cLeTEnt O 0 ebnepien mgn B hmietd, BhoBbataLoomers SELPORS Mot o
st age. and polycarbonates might also be useful, examples include: polysulfones,
polyamides, polyurethaﬁes, polyamic acids, polyimides. Naphthalene groupé and
halogens such as chlorine, bromine and iodine are useful in increasing .the
- refractive index of the selected polymer to the desired level (1.59 to 1.69) to
25  substantially match the refractive index of PEN associated with the transverse
direction for a polarizer. Acryiate groups and fluorine are partlcularly useful in
decreasing refractive index for use in a mirror.
Figure 9 illustrates the use of the present invention as a hot mirror in an
overhead projector 30. The projéctor 30 is a transmissive-type projector, and has
30 many features of a conventional overhead projector, including a base 32 and a

9-



Alternatively, the mrror 46 can be used in the overhead projector 30 as a
25 col dwoear9847 that is a mrror that reflects visible |ipttusisicsss

transmtting infrared . energy. The mrror of the present invention nmay
al so be positioned as a folding mrror (not shown) between the Iight
source 36 and_t he st a Ref nc a, ultila

cold nmirror PE QEFMB{)' 3&5@'@%"%@9@&3‘* Bra ‘{%’é‘?‘ﬁ the %ase ?%ﬁt"m .

m rror of thempf S W&ﬁhhfﬂe?ﬁ%l%%}éd%eﬁe‘é %tﬁ@l{é@m at!ng
to a spherical concavé reflector such as reflecto 38 t I'S place eh| nd

-10- WO %amﬁbm the base 32, by conventional adJustment means. The base 32

PCT/ US95/ 16555 t source 3 to ¢ t . and r.edirect visi ble
i ght omt £t ocineiuges 2 dight Soiioe 36, & POt sueply(RpG Shosmlcior fis ight sarce 36

Str et ehi ng i 1, epropeelie SPHEAI Siinftinchid ol ok 4 Bikrpt 38 47 LiAGHE, Bl yght
econoni cal priowdnd & projectionestage area 4Oy The stage msaormlalcbhedlmmmﬁéddnuous

basis in a standard | ength or| enter tenter oven, : bot h. Econom es

of scal e and Prpiestosjacly éh%IW%ﬂ glasm@élycham at least ongy be

f‘gugfvteﬁazhigéesée@%@g@%a e TR B3R

pol ari zers. hawhgn& rwguap im@ge i8Vplated "GH theé 3Qge 40, oget fifdge &
advant ageous, to i nprove 1 reflectivity or to broaden the bandwi dth or

to form 19 micollected rand) projested such pt)ltara agarby quﬂhuu&mot;sam byar e
useful as | ani nati.n terial,s | T Br. D0 . and 0O from
the Goodyear °PRVER PRHSHS SHC b&;a B "%(?%ﬁnd )énslihl@ﬁ%@d Bin:the | erials

that have been tr'&dmﬁbmshafq&-eqﬁedeafmﬁ%haa HPhdVah eously u iR’ @ed.
wi th adhesion to the sheets 10, optical clarity and ex u5|on alr bei ng

15 t he -pri meoverhead grojectpr 30to ;ﬁmct the heat-producing infrared gnérgy dmm tieeblightt 0 add

to one or nore of ers,. one .o  ganl i c.or organic
adj uvant s suéﬂ%% E*R\F/'B% é’her%tonw#ﬁl“w{g flect in f@-fe&‘

ultravioljgt r mirps 4er t Mot S ;lfr&ce Eké&l r fh @&tﬁﬂ
and the | |Ske t?% nor nalhsqlfagﬁat ?gsé)sh(?tl igng as t e ad afll? not
subst anti al | ynmdescamehgtmseum wheteaaboat 85 percentcofvthe tenitted em&rgy is invehet i on.

Opt i cal Beha\u Si nsi ger tlons Q |\/U|t| | ayer Stacks
The opti cal d‘l’a" Eg’rm%Fllﬁ ¢ AR CAUSS FRCEBBNGe i n

Figs; la and
The opti cal prop tles antyl sl gn égﬁsF e t‘?%%g%’ﬁ q‘?#g)?er stactllgs

projection stage 40. When used as a hot mirror, the mirror 46 is normally

20 positioned between the light source 36 -and the projection stage 40. The mirror
46 can be a separate element or the mirror ¢an be applied to an optical
component as a coating in the light path between the hght source and the
projection stage. A

| Alternatively, the mirror 46 can be used in the overhead projector 30 as a

25 cold mirror, that is a mirror that reflects visible light, while transmitting infrared

energy. - The mirror of the present invention may also be positioned as a folding

" mirror (not showh) between the light source 36 and the projection stage 40.
Reflectance of a multilayer-cold mirror can easily approach 95 percent for visible
-light. The mirror of the present invention can be 'appliéd-'-*i's ‘a cold mirror
30  coating to a spherical concave reflector such as reflector 38 that is placed behind

-10-



descri bed bel ow all ow the construction of nultilayer stacks for which the
Brewst er andY@9§1K¢7 angl e at which reflectance goes to zero) PETEISA65Hr ge
or is nonexi stant. Thi’s allows for the construction of multilayer
mrrors and pol ari zers whose reflectivity for p polarized |ight
decrease sl oW y i fibhtotir& 96 th tole&n 3 | g.s%&; I f
I nci dence, or iﬂigrfé se wk%hgéantglr%“o iﬁﬁi&e&@rggg@%\%ﬁ?ﬁ&ﬁp% Qgggfg)gﬁg]fghp
PCT/ US95/ 16555 source whilé transrhittingninfraréd enksgya result, nultil ayer stacks

having high reflectivity for hoth and p polarized, |i ght ,over a wide
bandwi dth, and over Qrigntatiop ghﬂe#m&dﬁlfi@ was dﬁ%gﬁ ssﬂcgewiwdwua?sheets
The average tra L SS1.00: at: | o3l NCRALE Mgd ayer C (s or
5 light polar pggﬁ ﬂﬁ%ﬁé lgp%fnl{émo 't hié&g%r?&?#% axl's olk"h)é??ltecﬁé%sémgfgeo
pol ari zers, ®r jcomplished &Pk lcominudus basis ma standarddclength orizhted] tehter oven) 6r
desirably less than 50 % (reflectivit 0.5) over the intended

s

of
bandwi dth. (1t MHEwmpgs@&md]iinefsmedmf tandard polypes ddmoproduetion
present application,. all. tragsm.ssjon or_refleaection valu i.ven .
i ncl ude front aﬁﬁyg%@@w?g@{?%& c@’éﬁ%ﬁ““%%‘? ﬁ%ﬁ}gﬁm @{b&l@ﬂgal.ly
exhibit |ower lfhywerdhAi @ods dsbobidted With Comitially avaifdbiLabsbiptive Pothrivenidwi dt h,
and/or over a | arger range of angles fromthe normal. If the intended

bandwi dth is to be cbamination of two on monei sheets together is agvantageousadorigyprovgy een
or blue, e of l.ch has_ an effectiv ... Dandw dt h of about .100 nm
each, a multY1 aﬁ%gwgblé’rm [};rg#e vg}‘aﬁé"‘i‘?"éﬂbnf’gsﬁ"o orm 2 mygror; from; tivg,
50% i s desirabl |t '“ﬂﬁ?“ t&?ﬁ &t Gre? sedNIE - Hh ﬁéﬁ of

| ess than 10% oé%r a ana‘vm houéf 00 nm i se:I sség prasggélrﬁrnggﬁfcx erag’xéﬁn%ﬂ ary
pref erred nutl i VEJEL Bramt 3800hand<3300 from the) Gobdysas MiresandRubibetr €05 of Ao 0%

over a bandw dt h of 200 nm_ Yet apother preferred |'ti,l ayer stack
exhibits an avepgﬁh noted as matgrialsithatihgye been tried. tﬁ%"m%@l‘m@%gﬂ&m&h

of the visible Uih . = ) Phﬁ i til.ayer
st ack t hat 'exhi%ﬁ?g%n av%?hgggﬁgg%et@gﬁtgm%ég%%&(g ' gé& ?ﬂ%{ﬁﬁﬂ%& o&eﬂr
bandw dt h of§ 38@letpﬁnﬂ-9 guiding peinciples.nded bandw dth is useful even in

visible Iight applications in order to accomodate spectral shifts
with angle, and variHtmaydei desirable f0|add| 1o, ene or maoreofdthelayers) one jom more

cal i per. . . Th | 1. | aver n, 1.ncl ns. hunpdreds or
t housands of Ianf ,l°2§? %ce ﬁvﬁ{lgﬁg‘l;ﬂ% %@ M&‘#ﬁgm"g‘ﬁgﬁ‘% aé&l’n‘g'%ﬁ[er
of different najghiliadr$ ulthiiGolet ray £U3BFHRE! Aid]Edtor %uﬂﬁé&?rdj&iﬁ%h%ﬁﬁiﬂgh&eﬁﬂm ce
of materials for a particular sfack_ . depend upon the desired optical
performance of andethetlikskin normal quantitiesTsgelongzaskthe addition: does not suhstgntially
material s ?ath.eeare. I n the For ease of manufacture,

K. .
preferred |C’3MW W‘thi %M%BE acl?{efﬁw van?%

The optical behavior of a multilayer stack 10 such as that shown above in
Figs, 1a and 1b will now be described in more generat terms.

25 ~ The optical properties and design considerations of multilayer stacks
described below allow the construction of multilayer stacks for which the
Brewster angle (the angle at which reflectance goes-to zero) is very large or is
nonexistant. This allows for the construction of multilayer mirrors and polarizers
whose reflectivity for p polarized light decrease slowly with angle of incidence,

30 are independent of angle of incidence, or increase with angle of incidence away
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-12- WD 96/ 19347

PCT/ US95/ wWads#i 9347 different materials. For pur poses @CI/U$95A6553t i on,
t he present discussion wll describe multilayer stacks including two
mat eri al s. The boundari es between the materials, or chemcally

i dentical mat f abru t
or gradual . Eéé{gf#éfn 8Pnglon)§k tahiggh{ rﬁﬁ%egg%gfgs‘:@mﬂ%u% Rﬁg r&tl?&gn&a@f- %?’ p
anal ysi s of téignd tﬂoﬁnz!eﬂﬂﬁ;h@bvéﬁﬁ&hﬂé battiwidth, and=ileraWidB rafsy bf‘Hﬁ%

vary| ng |ndex S usual Igértreat ed as a nuch Iarger nunber of I nner

uni f or m | ayercante.ach upt boundar| es but with only a snall change-
I n properties bet ers Sever, ar t rs may
af fect the maximnmu %PY@? 5‘5‘?& éﬂ,ﬁ?ﬂ“@l lﬁ“ﬁ?“)‘/‘efﬁra'ﬂf}g‘{aﬁy s&

These i nclsudey W%ﬂi&eﬂwofﬁmmbuabaﬂmﬁ k¥ \cask Y Polarize %zckness
control and thégﬁ el ati onshi p between i ndi ces of refractlo?bof trﬁeofayers

in the stack. bdtblpolargmomfméhe ¢case of nmHmors)y xmmlpamah@eso % (refloetivity st ack

hin Fi 1 m optFic0:5) over”febysndes Fancigism: o 0 sl B8, e w@, o ?%a?ﬁe‘;‘“?ﬁfﬁ
| ayers, meani 0 of 0.1
to 1.0 tines W%\%ﬁggth iﬁgl%cgrﬁggtﬂfl mknﬁ#‘r?ﬁk(g‘:m C UI Pﬁ.} ng cks
for high refliachideiftont and badkasuefaoé réflestions). |@théhinghilayer stacksiéxchibipdower of

filmlayers, wherein each | ow high index pair, of |ayers has a
conbi ned Wpt  BVErABeFUISHRSHOT, ANG/PD 2, lEEeE o ded, handvadidy randfor: oner i fatgert | s

designed to r ) f s 20
Quar for vave CARESr angish HET o ndHE, | 1¢ R il “H#’J‘*léﬂf R b Cebitd
preferred muldrbhmyere cloctnl ﬁnmhea& red, greeii babluepesshesfovhich ﬂlhﬁhn effettivebe
nost strongly absorbed by the stack are the first wavel engt hs,

reflected by handwidth ok abous;10Qm cachs 2 multidayer stagk with; an averagedrangmisgion

Cpect fum | 55 of MBAT S0R s BRI, e s S Hlfle B ayBlngedfanbitistnr o
the "blugh | 2)fgess tBir10% over A'bahdwidthn of §60hmsis dBoPrefefred MOthér enepripls ack
A multilayer construction of alternative |ow and high index thick fi

of ten ref er r qurefesredgmutlitayer stacks havataagverasasrans;ntsmmfme;h@hyﬂ%soma
et U R 7 200 m. e BRI s G5 S .

ri‘;' ectivity titishsfondef 1e& Ma"20% over the bandwidth of the visible spectrum

(400-700 nm). Most preferred is a multilayer stack that exhibits an average

20  transmission of less than 10% over a bandwidth of 380 to 740 nm. The extended

bandwidth is useful even in visible light applications in order- to accommodate

spectral shifts with angle, and variations in the multilayer stack and overall film
The multilayer stack 10 can include-tgns, hundreds or -thousands of layers,
25  and each layer can be made from any of a humber of different materials. The
characteristics which determine the choice of materials for a particular stack

~ depend upon the desired optical perfomiance of the stack. -
The stack can contain as many materials as there are laye‘fs in the stack.

For ease of manufacture, preferred optical thin film stacks contain only a few
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. PCT/ US95/ 165%9@96/19347  penetration into the stack, resulting PETAISYHLESSS
~absorption than for the preferred quartervvave stack design.
Arbitrarily i ncreasi ng the nunber of layers in a "pile- of plates

will not al ways difféRnbintlieriftf. Cpbs ‘ﬂui'pbseﬁ\‘)? MktkloAS "the ﬁptdx&ﬂssmn will
Al'so, arbitrarily increasing the namber of layers in any stack may not give

the 5 desi recuesm'ibeanulmayteystacksanchdhigewonnateaalsd absorpt i on which would
occur. el-ati,onshi ps between, the i ces, of, refractiqgn in
each filmlayer to 5@5@?:“ Betwesp, dhe & %‘Hfrh Cébh&ﬂm gnaterials; he
filmstack deterygn NG&n I ack
at any angl e of ‘??rllkglﬁl(fgnce P );_S})C#}Ii}éﬁﬁ& azi n@?@u@f |grec 1'on éégggéﬁ] @E
that” all |ayérs siplehcassswithnadatytical sbhutions, hanatysiscofl Ghe ilattér agpe ofhtatified

single interface of a two cqnponent quarterwave stack can be anal yzed
to understand tHeedidHuith ponruqusly ¥arying: indexcis asuallyr tieatedoss ef nmlgue:ger

ot ortave w1 ociteE B ARG w08 g beiiE bl BAlniBRE LY by i ®

act ual mulchah rp,@egﬁgs wetwedrladjfcenPlayBR. pri nci pl es described herein
could be nmade of 1 tens, hundreds or thouSands of |ayers. To describe the

opti cal behavi or of Several pmmmmamaﬁecabemmmmﬂwtmtymhmabhmmﬁ g.

10, th f | t f d f d
ol ari zed | Min WUilaxes ek oFhestcinglude badic Fack fefeny ABfcal AbsomRon, IR one
in-plane optic 3ieRn uth& dndahé ?Eifmonshx between mfé of]r@ of e 1a

material filmlayers formng a single in er ace, W|t ot mmer%ed in
an i sotropic medn the stack. |Fmdnghweﬂecﬁmtyanﬂ/pr lsharpybandedges, the bhsic stack design

h di ||  be di L egl h
ST o e ke e ol it AR o i o
I d,

o g i OREY o i BN Y] g Rt

and the ot her opt| Xes e-x-an

under st ood, 15iowan @pticdlthickhéss inthe range©f 025 to 1[0 tithes tlie Wavelengih @fifteresnd
t hat nonorthogonal systens are well wthin the spirit and scope of the

present inventi.dhe Wl%ha!ldmeeblmm foxy high refleetbity myltilayercfilims jage low/higlkes
| d t b d d d
Sczgenee ngf t he p sen‘t’i’,vlhi?\'{‘/]en?a?)’nI"‘hm'éﬂ‘(eéclg cio&rﬂ%lé‘%%% E@%Q{? ]'&;érgrh 5

di el ectric intecombined agptical Hsickneks!oft i D2 e ﬁiﬁrewﬁflel&&mlépﬂﬁebﬁﬁi 1@@
for isotropic materials, is different for p and s polarized Ii
-14- designed to reflect. Stacks of such films are are commonly re erred to as

20  quarterwave stacks.

To minimize optical absorption, the preferred multilayer stack ensures

- that wavelengths that would be most strongly absorbed by the stack are the first

. wavelengths reflected by the stack. For most clear optical materials, including

. most polymers, absorption increases toward the blue end of the visible spectrum.

25 Thus, it is preferred to tune the multilayer stack such that the “blue” layers are
on the incident side of the multilayer stack.

A multilayer construction of alternative low and high index thick films,
often referred to as a “pile of plates”, has no tuned wavelengths nor bandwidth
constraints, and no wavelength-is selectively reflected at any particular layer in

30 the stack. With such a construction, the blue reflectivity suffers due to higher
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WO 96/ 19347 The reflectivity mnimumfor p polarized |ight is due
to the IVO8ENIBEY Brewst er effect, and the angle at ROTAISIY1685S

refl ectance goes to zero is referred to as Brewster's angl e.

The refl ectance behavior of any filmstack, at any angle of incidence, is

Cheor ot | cal Peretatice Bugf BRPk EaliERE 24 bigtler Henorphof g K8 M8 brgfeel) "

Azzam and Nwrmck design. ' Attitradlyrintreysing theRlnimbdrofdayerg it a. bl i shed
by North-Holl and, 1987 The reflectivity for a*dg?ngl ellﬂﬁt erface

of a syst emafsPlatest ovilk net alyays give high reflectivity, evenowith evaiabsorption.he

e o T o i Bl o O R R 6 6021 00

ort hogongl %si&afrfeﬂeanhty tdﬂét@ﬂi%ﬁm@ieaidﬂ%bw@nﬁﬂmﬁﬂﬁ%ﬁl addciFled. 1)
rierr] = [err] rferr] = [err] where [err] is

measured in the iBhg relqﬁomslupﬂ p ghe indices of refractmralmmckxﬁhn layerdbr i ngent
t | x = nl | F

b1 2t | bi r At s, A o Hifsecer e Bffér Jayery in 66, ﬁ%ﬁ%koﬂmgr the

light with '&ﬁedﬁré@%eﬁiw&obﬁfﬁezﬁ eP%ﬁék lag lan# QAnglRCofXinéidehce) Tom gﬁg '

defined in 25 0, ora I axi al ent for li1ght inci
the x-z pl arammuthzdd;racﬁun Assummg Mcallzlaymdrﬂleaqimwtenm hdverthpsgmbari zed

| ) 180 ol o acS ee gt e BB i s cahe -y
in equation ) o—nZX|n
equation 2 (a'?'a'l &%H m&z‘ﬁg%ﬁ?% og tﬁé@n&é%ﬂcgr&%gtﬁgﬂlsonlofaar? i>e2 show t hat

reflectivity depdiudssimplicity bf discassions thérefore, tlreeéptam belmavior bhHa slnglu
(in-plane) and z directions of each material in the stack. In

i sotropi c minterfaes will|be descabeq.nqitcshall Jbe: uaderstood; Higwensr, -thag, an aﬁ?ﬁﬂalThe
- 15- multilayer stack according to the principles described herein could be made of

15 tens, hundreds or thousands of layers. To describe the optical behavior of a
single interface, 'such. as the one shown in Fig. 10, the reflectivity as a function
of angle of incidence for.s and p polarized light for a plane of incidence
including the z-axis and one in-plane optic axis will be plotted.-

Fig. 10 shows two material film layers forming a single interface, with

20 both immersed in an isotropic medium of index no. For simplicity of
illustration, the present discussion will be directed toward an orthogonal
multilayer birefringent system with the optical ‘axes of the two materials aligned,
and with one optic axis (z) perpendicular to the film plane, and the other optic
axes along the x and y axis. It shall be understood, however, that the optic axes

25 need not be orthogonal, and that nonorthogonal systems are well within the spirit
and scope of the present invention. It shall be further understood that the optic
axes also need not be aligned with the film axes to fall thhm the intended scope
of the present invention. C

The reflectivity of a dielectric interface varies as a function of angle of

30 incidence, aqd for isotropic materials, is different for p and s polarized light.
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PCT/ US95/ 16 5vo 96119347 rel ati onship between nx, ny and nz det q;dp,‘;% sAERs
~optical characteristics of the. . material. Different rel ationships
between the three indices |ead to three general ~categories of

material s: i sotropl c, uniaxially birefringent, and_ biaxially
bi refringent. EGeTefieativityaminimiugn for; p polasized ilight js due tg thmgbmlledansmnl y

R rteﬂte. Zeﬁ%“ Vard o ok NG M o iR B R A8 et B &

def i ned as one iBtewStef's ahgle, | ndex of refraction in one direction is
different fromthe indices in the other two directions. For purposes
of the present di scusHieoreflectaecechehawior iof any filmistack,idsiany angle of incidencsyliky

axeq ar 0" dof o derSTing by he: et densariiof AL ALY goitede” %w%@i,tﬁm%gmi w0
ny, wil| a7 s Wie s 196 0!y RICS przam and N M, Basflf

met hod of creating a uni axi ringent systemis

stretch (e.g., $Elipsometiyand Rolmﬂd rI}igh?tl”ppabhshedbytNdr&yHbllﬁicﬁqmvn whi Ch at
| east one of the ber;als in the stack has its index of refraction

affected by the 15 retlectivity for a single interface of paystemds calculated hynsquaring s
or decreases). @i ?Jte value of He Féfﬁ@ﬁ&%@%ﬁ&gﬁtsg}w g 5}"@%&%"%@@?‘;@&%%? ul't

in differences between refractive I ces

pl anes parall@el bycequatibnsat emdt \usespectivelyl ngiquauons 1 and X afec valid) fér uhiasifal 1 n

both planes of polarization. uni axial birefringent nmateri al
can have eit her Oftbegenal systems, awjith theeaxesof tl@rtwmompomteahznegence Posi tive
uni axi al birefringence occurs when the z-index is.greater than the
i n-plane indices (nz > nx and ny). Negative uni axi al bi refringence

ocgurs)vx/nen theiy- i.nde,x | 2% Dol ViR Nz Do) ane p1Rcd Lo 5 <ndsin20)
and ny bi |%i h:; 131 %%i l:"'_f'l_,_Ll'—erl 3 ein
whi ch the indices of 25 n?éf*r 2ot | ég | nHa Qt eenéxes 1§r i #]T'e? .’e.g.,

nx [err] nyiferr] nz..Again, the nx and ny indices will be referred
to as the in-plane indices A biaxial birefringent system can be made
by stretching tR® faul Fi | apénlor-no2sinddhne_ N(n2e2t-ino2sinl@) ot her wor ds
the stack is uniaxially st\ll(mloah-athsiﬁae) purdaﬂes-m‘thhﬁe)present di scussi on,
the x direction will be referred to as the stretch direction for biaxial

bi refringent 30 ﬁ;_/\Qg
PCT/ US95/ 162“&5 whefé@ﬁ(ﬁ&s algtg %é%rl ngenf Systems (M rrors)

In a uniaxial birefringent system, nlx = nly = nlo, and n2x = n2y =
n2. | | | o
For a biaxial birefringent system, equations 1 and 2 are valid only for
light with its plane of polarization parallel to the x-z or y-z planes, as defined in
25 Fig. 10.. So, fora b1ax1a1 system, for light incident in the x-z plane, nlo = nix
' and: n20 = n2x in equation 1 (fof p-polarized light), and nlo = nly and n20 =
n2y in equation 2 (for s-polarized light). For light incident in the y-z plane, nlo |
= nly and n20 = n2y in equation 1 (for p-polarized light), and nlo = nix and
n20 = n2x in equation 2 (for s_-pola;ized_ light). A
30 Equations 1 and 2 show that reﬂectivity depends upon the indices of
refraction in the X, y (in-plane) and z dii’ections of each materiai in the stack. In

an isotropic material, all three indices are equal, thus nx = ny = nz. The
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The optical properties and design considerations of uniaxial birefringent
systens wvébe/rsagr be di scussed. As di scussed above, the genpepiysospsgss | ons
for a 5 uni axi al blrefrlngent material are nx = ny [err] nz. Thus if
each |layer 102 and 104 in Fig. 10 is uniaxially birefringent nix =

e Tayar 1ol BibeR 5 v and s Bl i S5t hEGEERMER oF B T
thus ni > N2 fnitehgl "Diffdreit RIKHiolsttbd &l the tﬁP& i‘ﬂﬂfcbﬂ’éag tgy ree gat&w or Of_

a uniaxial birefringent multilayer systemcan be adjuste Ing 10
the val ues ofcatdgoriendofi2materialsnt risotropic, dru‘niaamzﬂlyt bieefeingent{ pndi biaxially
negative refringenge. The rel ati et ween the various i nd| ces
of refracti onbli‘%ﬂ“ lg‘l uations, L gpd 2 G?SFE&f’ birefangent <asss only alangnshi p
may be ingir \ t

41 I Gk Kor §f§scr '3 e only if cdHiletei epexfatétf?oaﬁe& 48 P irbdifoms. |

resulting filmas cas

the desired aver agk uniaximly tﬁﬁafﬁngémmdmmtls défimsicds drie in Whichrthe Midefrofand
pl ane of incidence generally depends upon the i nt ended use of t he

mrror. The Jdefpetign dn onenidirection ds Jdifferent Hrem, thec indicescin jthe ethemdwoml

the e i el Ror BB o1 o8 bBin: Wil 1S SolVEnBER S0 dhrible [

20% and nore uniaxially’ ﬁéfﬁhgéﬂtléyit&% i§ forlthel 83fdithoriRe i=f i\?'a@nﬁVe :lgﬂ q
transm ssion al ong“each sTretch 20 direction at norhal i ncidence gr a

partial iDrr axes aregdefined asithe in-planeraxésoand the respegtivepindices,Ofk tand W§Ywilnd can
cover a bandwidth of anywhere bet en for - exanple, 100 nm and 450
nm dependi ngetfﬁgﬁﬁp %\g{]‘t i‘fﬁ'fl cation.-For a = = high effici encyy

mrror, average tr@ggs e‘ilﬁido e C a:q'gﬁ r mal
I nci dence over the vi si ble spectruﬁt ??&O%%O?\%rﬂgéﬁ ?sﬁé?tg)fi%/ r]oe n 25
10%];c pr g}‘ er ialstr;tc:te(esg tlct;'}mtclsfiﬂongdr[m gimehsioas)l ?/ multilayerhstack? iy m;uﬁ fjt\/le&trrglr e
preferably |ess n 1% ition, .asymme ors may be desirable
f or cer P&FrPth | n %’Fen ‘[aﬁlsthaéal&m‘%&&g‘ﬁ%&%“&ﬂs##%doma%ng one

stretch d r y r whi | e
t he averégs;e seb&ﬁin?aﬁgbnﬁg%gr(og atﬁgéngﬁ%‘eeg? erlﬁég@geﬁ ccﬁ gr rec |on rray e

desirabl y | estretching, of the ﬁﬂlhlayarasladkenﬁ9%81dvﬁt diffézembsn sbtWweer refravtive
exanple, the visible spectru
-17- Woindicesgof; adjoining layers for planes parallel to both axes thus resulting in

PCT/ US95/ 165 the vi-si bl e spectrum and into
t he near inf ?gfrlego? ofh,gﬁflﬂ%omgggg%%ﬁ&%ﬁ%ﬁm Equation 1:

descri bed above can igaxiglebiréfeingente hidteial tdan have em:erv?ésincé o* negative Si Ngl e
interface in a uniaxial bi refrl%%ent system conposed of two layers such as.

5 that sB@wn uniaxial pirefringemen;aPositive unfaxial pirefringenge @ccurgtwhen; theizsisdex cal to
that of is greater than the in-plane indices (nz > nx and ny). Negative uniaxial

birefringence occurs when the z-index is less than 'the"i'ri'-plane indices (nz < nx
wd g, bl ek
A biaxial birefringent material is defined as one in whlch the indices. of
25 refracnonmallﬂlreeaxesaredxfferent eg., nxtny:nz Agam the nx and
ny indices will be referred to as the in-plane indices. A blaxxal birefringent
system can be made by stretchmg_ the mululayer stack m_ one diret:tion. In other
words the stack is uniaxially stretched. For purposes of the 'present discussion,
the x direction will be referred to as the stretch direction for biaxial birefringent
30 stacks.



t he case of rsotroprc films (nx = ny = nz), so only equation 1 need be
exani ned. FOr Bfﬂgr%%es of illustration, sone specific, althouBRTHEI6SSS
val ues for the filmindices will be assigned. Let nlx = nly = 1.75,
nlz = variabl e, n2x = n2y -= 1.50, and n2z = variable. In order to

Il lustrate various possible 10 Brewster angles in this system no = 1.60
for the surrounding |sotrop|c nedra Fig. 11 shows
reflectivity velaxia SITINEN : i yri zed | i ght - . incident from

the isotropic nedi Lo the ] |refrr n t,layers,, for, cases where nl z
i s nuneri cal I y gr eat qp(gﬁalgp %Pa design Gonsideratipns pb yniaxial birefiingent

shown f .Iz =1.75,

N7 s 150 b) Thlemd My “I’%*sz 0 h fsRlseta BV WiE Rty Bhattphs or )’

nlz = 1. 65, $2zumiaxial bmeﬁ'uigentmhterihlzarenk £lny #32. “ThusGP eachRyér 100 #nd"1

= n2z. As nlz approaches n2z, the Brewster angl e, the angle at rch

reflectivity godsFigs Weisgmiaxiallyebisefsingent, nix cxintpan n2xe—an2y s tFoo pyiposes
| d d th

ol o Sependchl e BreGarF cusehAGR, Podne BRF vel 005 bas taveer ploi 5@1&? ﬂzr%

for curve f is E?Eﬁflemaﬁdﬁha@'tﬁusaﬁ‘mﬁ%ﬂofn b&ﬁ'tﬂ@@@ﬁ)d yﬁéuéfhgﬁ

equation 1 feduces to the angul ar i ndependent o +
nl o). When nl z behavior of A-yniaxial buefxmgmtanml\mhyer systémccan bad:djdstedeby Qa.rgmg
| 12

g(r)rgxsmtsaptef | e@ &F V#‘X“r‘ ‘(E)f;"g%a?‘g “g¥ o HEF&%‘IFEedlthWEie °E&§%§V991‘\M¢€at§lml z
is numerically Bi?éﬁm?ﬁﬁﬂ%bl The* it fetatonsibip befween' @ E fﬁ‘ai&‘?% réfr?cf?gn can be.

i sotropic mediumto gent I ayers. For t ese cases
reflectivity measwebtirectlyyl dry the generabselatidrishipnglag b iridirectly ubBervédiby i S

t he behavi or that woul served for s-pol ar| zed Irght Curve a in
Fig. 12 shows t#alys @equﬁggmsu lting flm_as; dreinCur ves b-e show
cases for p polariz t oI I ovvr ng
rder: by hi o =i 50. ke bRt 'ﬁIéSde%ﬂ%*‘Eief?%ezé‘Qnsm%n }light of

- 18- 6 96pol&rieafion and plane of incidence generally depends upon the intended f
PCT/ US95/ 16555 . 1.60; d) nlz =1. % 3’2 ege Opoand e) nlzus_eg 60 =

n2z. Again, whehemimror. The averize lm;mm) alongregagh istreteh dirmneat mirinakt ,

dth
Bg. 15 Shovs. D8R fof a o) blndith mirror arsdys 3, AROpR it aftian tie
medi um of i ndexisiblespeftrimiis Hesirablieless! thaR B0%), preferabl lésrs%%}i 96 %shd ﬁ

pol arized light at a single interface of a positive uniaxi mat er | a
i ndi ces n2x  preferably,jess than 10%. nAzdwrablecaveagd transreission \atongnezchi ﬁi'dtqh

birefringe = 1.75, and values of .nlz;, in
the foll gvmagg %ﬁgﬁ ]ax\"&%#'xp%lpmﬁgenoe for a Bérnal mirror ranges anywhere from, for

example, 10% to 50%, and can cover a bandwidth of anywhere between, for

example, 100 nm and 450 nm, depending upon the particular application. For a
high efficiency mirror, average transmission along each stretch direction at
normal incidence -over the visible spectrum (400-700nm) is desirably less than
25 10%, preferably less than 5%, more preferably less than 2%, and even more
preferably less than 1%. In addition, asymmetric mirrors may be desirable for
certain applications. In that case, average transmission along one stretch
direction may be desirably less than, for example, 50%, while thé average
transmission along the other stretch direction may be- desirably less than, for

30 . example 20%, over a bandwidth of, for example, the visible spectrum
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bottom of: a) 1.50; b) 1.55; c) 1.59; d) 1.60; f) 1.61; g) 1.65; h) 1.70;
and 10 W99/19937 Again, as was shown in Figs. 11 and 12, RCIUSIHESFR| ues
of nlz and n2z match (curve d), there is no angul ar dependence to
reflectivity. Figs. 11, 12 and 13 show that the cross-over
fromone typ i sciBia0 ﬁ TA¥S d pdex of
one film equg@?ﬁghwég{rs&ﬁdtgg Vﬁlﬁlt%h}éﬁefmﬁpﬁgq Exgéré(“ﬁél %1&? 'S | s(éf'ghe for
several conbi40gt85@mmhf negative and positive 15 - uniaxially birefringent,

and isotropic materials. O her situations occur in whjch the Brewster
angle is shifted tRAuatiopdrdegeribed:aboxe camgr diged to-determine the reflactivity; 0p8ssi bl e

rel ati onshi ps,; N- ki - axi s indi G
Tl st rat e ine Jiitade'tn . Gilat birétiRedl Syfied Gompdled 6F B lavers 8 as,
values 5§ th4t shotincCiasFignd0s hBquation 2)nforls polarizedrlights ixdidenticat pe tindt ©ft he

various conditions. 20 ~Each_Figure begins at the left with two isotropic
films, where thtsase jofdisetrepic filns (nx ={ A¥ Fnnp), a5R anlyyiequationnd aeed Peoceeds

axts | ndi coziinere B B & dButiion sdipe speqif Aticldh R, AN, .
of positive Gpr HROAIN IRiGds' Will bed@iERd. Let nlx = nly JNe75a88 devfiabhed

above with respect to Figs. 11, 12,7 and 13 is 25 ‘llustrated in Fig. 14.
The i n-pl ane m2ndecny sf 1.56; and alz novariablegr aorder tahillustrate various ipossiblene

i ndi ces erial two, mpterial 1 ha ative birefringence (nl.z |ess
than in- g{)aﬁwg%ég\?gs‘& IS SYStEm, 2P T\?&O&ﬁg&r tbﬁéﬁ"??- 198 {Sg'fl‘PPlﬁ (n2z
great er t han g;p- Nl128Kows Fei&tivity TO&rs8O iale cuies Cfdr ¢ tggheangl e
di sappears and IEref lectivity 1s gonst ant ?or g‘l I anélg?og?ﬁﬁcl?é énce i q
wher e t he t wincidentifsomrtle dsm_m_p_ic medium to the birefringent layers, for cases where

- 19- WO 96/.19347 | | o -
PCT/ US95/ 165942 is numerically; greatsr, than. onigqual iy 12z (2% 838 g The Gurpves shown |

Fig. 11, cur i ' _ P r L O 1 2. = . In
Fig. 15, mat g‘?lﬁg gn%%%'%lgrlﬁ%gé cgér’l{e%?% icdgslﬁtzharll}?’éétné?% i all'é(\)ﬁo,b)but
mat eri al 19ne n@s= Q%5 t a2E=01,59 ¢) niercd . 70)th2aekcl.60 < d)wizhas1.65gaRz e 5
birefringence. In this case, the Brewster imninmumcan only shift to | ower

val ues 1.6%; eymde = 1.61, n2z = 1.60; andd) R12-7yd.6017 nd7e Asndz appraachesf or

cases are whdrh Mk ARRsfEr $iltep thel dHgid HEwhicn refiedtvl. deis 16 Bthoigfeasdt®
positive bir gurvédaenere Q&oﬁgiyraﬁg;ﬂhr dependént] T6wever S whed n1Rt=Lndal(ci@ve has

10 negative birefringence.” The point at which there is no Brewster effect
i s where f), there is no angular dependence to reflectivity. In other words, the reflectivity

20 for curve f is constant for all angles of incidcnce; “At that point, equation 1
reduces to the angular independent form: (n2o0 - nlo)/(n20 + nlo). .When nlz
= n2z, there is no Brewster effect and there is constant reflectivity for all angles
of incidence. - '

. -Fig. 12 shows reflectivity versus angle of incidence curves for cases

25 where nlz is numerically less than or equal to n2z. Light is incident from
isotropic medium to the :biréfringent layers. - For these cases, the reflectivity
monotonically increases with angle of incidence. “This is the behavior that would
be observed for s-polarized light. Curve a in Fig. 12 shows the single case for s
polarized light. Curves b-e show cases for p polarized ﬁght. for various.values of

30 nz, in the following order: b) nlz =1.50, n2z = 1.60; ¢)'nlz = 1.55, n2z =
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the z-axis index of the birefringent material equals the index of the
_isotropic WO I¥19B4h ~ Another case is where both ¥alo®sagsssof
. the sanme type, i.e., both negative or both positive birefringent.

" Fig. 16 shows the case where both filns have 15 ' negative birefringence.

~ However, it shal} gaegq K hat I sitive

' birefringent Iayer6? |gﬂgﬁﬂ)g%&'sjzto EQ cag'g} 5‘? t Vioﬁ%gaf‘?%/ %ﬁ%f‘ﬂ‘%’é’rﬁ

~layers shown in & g2z (chrvete); tetoisno Bfewstir&ffecs; fandithér8isieostamt h'éﬂé&ﬁ@ﬁ&jf&m y
i f one z- aX|s |ndex eﬂuals or crosses that of the other fil
Yet .anot her casedlb @ne in-plane indices of the two materl als 20

o e three " G E@f&%’% e opsgeas Bie” 7 raamﬁébﬁﬂsééeéﬁé%é%? s
. polarized |ight ﬁbdlﬁfﬂ/of index aaghq;o ae).t Ehé %hlr\?e;tinVFgg raré 84(@ 'f&ﬁil
e o enc

i [1ght increases nonotonically w i ncreasing an
. This type of ar tpdmeﬂd!ght m:aesmglmglter&demfta posityve uniaxial matelmabof ﬂfdli&dﬂx

~ligh I f d d I d 25
igne. T e ar a0 P & KR e Fegariys ppaRRy Birefringent material withThe
- above descri bed fyxi- lenggeé 278, AR OO hiL" Al | engﬂﬁ’%’gj OPaé}grit 0P to

. behavior of uniaxially Direfri hgent systens can

mul tilayer bastoan; iof: A)pl.50p li)ﬂes.‘dee)léé af)t1.66; f)eI septg 1.65; &)W 7R and
~variety of ﬁ rcu. t_gnces and plications. The indices of refraction
. of the layer? i M dn w&&m:aﬁ;évass%ham iaFigs0l1 apd 12y whenthe valugs of mz land ed

| i Pt
. to produce devi éﬁ@!ﬂ Whrvd'®), etk §€o Auididependence to reflectivity.

. - 20- WO 96

~ PCT/ US95/ 16555 Figfir 1pdCtand 13 skbwythitatie crose-ovafrBMdrie Itype HP?éR&'vﬁJr to
. birefringent systems can be created with a variety of “1n-plane and

- z-axis indices, 3AdeHARGUrs den | thejzwxiscndex of one ﬁlmbmmhsﬁlgrzeakmmﬂex of the

. fabricated usin e [ l.es,. e ere BlaX|aI Bi r ef rji ngent
 Systens (Pol ari g’éﬁrég)ﬁﬂ{l filifi§ trlfle i;é# é?ﬁ‘?lg CQB‘QP'W“PBS @fgnegalive  3d POSiHYEent
. orthogonal bf axivaiaxhillyeBiréfriggent, and 1sotr§pi§trﬁif§nﬁ§‘d dnher Qﬁﬁheﬂsg&ﬂﬁ H%@Eﬁons
. affecting the resultant optical properties now be descri be

. Again, the systéhﬁBm\Vslﬁm'\ﬁéghahyhlfta?mla;'g&nnrsmallerangles.lnderstandl ng of the
optical behavi or of e. stack. ed.b ng the 10  optjcal

' behavior at one int er'f3HoUs possible r&anonsi{lpgbsﬁ\é%)ﬁdp- I dicgs,and zaxis iadicesin
. be designed to gie/RiuSirated 'iﬁflﬂngkctlu\/'1§>én&qf6 The ve}dcgi‘éxe‘fé"zﬁélcé&%eﬁh%‘%aﬁes

pol ari zation parallel to one axis broad ran

of indices and the horizontal axes are used to separate the various conditions.
20  Each Figure begms at the left with two isotropic films, where the z-index equals
the in-plane indices. As one proceeds to the right,. the in-plane indices are held
constant and the various z-axis indices increase or decrease, indicating the

. relative amOunt of positive or negative birefringence.

The case described above with respect to Figs. 11, 12, and 13 is
25  illustrated in Fig. 14. The in-plane indices of material one are greater thah the
in-plane indices of material two, material 1 has negative birefringence (nlz less
than in-plane indices), and material two has positive birefringence (n2z greater
than in-plane indices). The point at which the Brewster angle disappears and
reflectivity is constant for all angles of incidepce is where the two z-axis indices
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angl es of inci.dence, and sinultaneously have low reflectivity and high
transnm sWOH6AWI7 | i ght with its plane of pol arization paraPceluspsingssse ot her
axis for a 15 broad range of angles of incidence. As a result, the

bi axi al birefringent system acts as a polarizer, transmtting |ight
of one pol ari I t ri atlon
By controlli r%@t e tﬁ?@e p%i | ces ddePrcgg\Eel tdrl1n g]!g eadh&wfﬁ]lg%l 5 ,

and nz, the deasvedih pig. dBl.zer behavi or can be obtai ned. Again, the |nd| ces

of refraction can be ,negs}ur ed direct]l r can_be indirectly obser ved by
analysis 20  of IAFigpbbiMateral QW%%‘M?WMTB@?M@@MEEMWMW n.

Referring agw Iﬂng P5 Jo&k_é%g%‘&el#ﬁ éﬁaq?ﬁlage fil gll | ndlé:a%‘% are

assi gned for "purposes o ratlon

variable,§5 birefrinpence. 1Irﬁﬁus Gade, the\Brewsiel eninivilfin @27 onlyVehift i@i&wer-%fueﬁ

direction is referred to as the extinction dlrectlon and the 'y
di recti on as of aagler ansm SSI on. direction. Equat lon 1 can be

25
dt dict t fr t
system for two | 43 éqﬁf“dré’fan{f%*lﬁsﬂgw‘“’%wsamew drechtBe fo
ei ther the sififk§disoirdpie! THE lws cadeld Ard Whert! mdieilll 6neZisRSGHRSDI s. The

polarizer is a mrror in one polarization direction and a vm ow I n the

ot her dutwedlas positive) birefringenes, cdn Matenaithwm,s isdtropicank matetiat one has
differen of 1.88 1.65 rﬁ‘ ix ezhrrultll er stack w th hundreds
of Iayeri wi PEE3HVE reﬁgpgpnﬁe githe pomt at which there is no rewster effect is where

-21- WOuR6, i
beT) Usos) 1660 et ‘index of the birefringent f"é?temlp%q als, the nlex of the dsotropic

p- pol ari zed filmht the reflect ance at various angles depends on the
nlz/ n2z i ndex differential I n many applications, the ideal

refleﬂlgg pol arlmmﬁwﬁwwp@@t@f@ém of the amertyPerice.a E | pegative ) :
socal | ed ¢r 2ol BAEVE Blreflipefie b 16" 0¥ e Tabl et oply R Bave ¢ "°

t ransni s§$ onnegative bireftingence, prwevel-elit shdll benmderstoodatnal HrbtRet 6f Wi N ze
transm ssion of Iight polarized in the direction of the transm ssion

axi s over thBOEYR| ingent lamrér!eanalogous tothel casesef mveneganve Ibmgmgcnt angl es

of interest. r t. Si nci. de a.na row
bandpol ari zer aéé@rsg@gmalﬁ?a%nlé nrb(f%rdt ﬁ{erﬁleyétgf P}J{B'Ir@)"ﬁtls &95

preferably abné pasis ﬂd&bq&dlsrmrc@os@ésemmbdhh offfer fitmst 90% The average
transm ssion at 60 degreees fromthe normal for p-polarized |ight

(measur ed aI ong t Ket anotherricass WuﬁWbFrefthﬁ xa-plmermd:cwqﬂtlpowm materialscr oss a

L0, o0 "L Sl il s Bl 8

transmi ssi oncaaks SgwiRlin Figs. 41C 26 b réflecton’ dcklfs fof s Polarized light at any
angle, and the reflectivity for p polarized light increases monotonically with

increasing angle of incidence. This type of article has increasing reflectivity for
p-polarized light as angle of incidence increases, and is .tra'nslparent to s-polarized

25 light. This article can be referred to as a “p-polarizer”. '
The above described principles and design: considerations describing the
“behavior of uniaxially birefringent systems can be applied to create multilayer
stacks having the desired optical effects for a wide variety of circumstances aﬁd
applications. The indices of refraction _of the layers in the multilayer stack can
30 be manipulated and tailored to produce devices having the desired optical

-20-



transm ssion axis across the visible spectrum (400-700 nm for a bandw dth
of 30%vgwy1934y desirably. at | east 50% preferably at | eastT/GSY5n65%8" €

. preferably at | east 85% and even nore preferably at |east 90% The

. average transm ssion at 60. degr ees fromthe normal (nmeasured al ong
the transm ssion aX|s r a 20 oI rizer from@?&p@%ﬁ nmis desirab

| east 50% pref® sat sf‘e pomﬂ’fﬁ‘ nigx Neent Jystems eano and
even nore prefe - _

hi gh reflecti vi tkga. n ‘tafr% tra %&;{?sllp(l)anneg)x(lldsz %xlsmdf&ﬁ &ﬁﬁnﬁh}‘u anﬁ’?éee'ks are
preferred. The pedesigned aid fabtitated ysihg the priviciplendescribaihere.  al ong the
transm ssion axis should be nore than 20% at an angle of at |east 25 20
degrees fromthe nornal . | f some reflectivity occurs along the
transm ssi ong axi,s.. | Ci . t4e polarizer at off-nornal
angl es may b% r ECRred T trvriy al ong the transm ssion axis
is different for var mvémngugbﬁrwlﬁig 1o:m~ercomnaﬁdmb§asmmia1birefﬁﬁgeﬁtthe
transmitted light. One way t0 neasure the color is to determne the root 30
mean square (RVSystems and dhe design cansiderations affecting athe cresultanti optical epropertieg)| es
over 19347

96
PCT/ US95/ 16555 Will now  bepdesgribed. en@Eﬂ“r afhﬁe“YB‘F“‘i ﬁ‘l“ler?“é¥? A I%M‘Eo%r,

[err] can be de ﬁﬁ‘ﬂn gﬁﬁ&q iR RakdEsi 2Rieved b
[err] Wfitety regtﬁe rahge [err]l to [err]2 is %et‘{e wgve’ﬁaengtﬁthe
range, or bmdwoﬂud:albeliavmrtarmeuntefface is the transmi ssivity along the

e X ke Sl s HART Y bl ML
| wh %
Shoul o b1 ese HRf WioHS DBinB o ifisafith pora oy oY Buis, 16 LT HhedBE

than 3.5% and euges nef ein¢iderice] ahld/ dimuitaridoasly2 have alowanreflegtivityofandt Higlast
30

transmission for light with its plane of polarization parallel to the other axis for a

15 broad range of angles of incidence. As a result, the biaxial birefringent system

- acts-as a polarizer, transmitting light of one polarization and reflecting light of
the other polarization. By controlling the three indices of refraction of each film,
nx, ny and nz, the desired polarizer behavior can be obtained. Again, the indices
of refraction can be measured directly or can be indirectly observed by analysis

20 of the spectra of the resuiting film, as described herein.

- Referring again to Fig. 10, the following values to the film indices are
assigned for purposes of illustration: nlx = i.88, nly = 1.64, nlz = variable,
n2x = 1.65, n2y = variable, and n2z = variable. The x direction is referred to
as the extinction direction and the y direction as the transmission direction.

25 ~ Equation 1 can be used to predict the angular behavior of. the biaxial
birefringent system for two important cases of light with a plane of incidence in
either the stretch (xz plane) or the non-stretch (yz plane) directions. The
polarizer is a mirror in one polarization direction and a window in the other
direction. In the stretch direction, the large index differential of 1.88 - 1.65 =

30 - 0.23 in a multilayer stack with hundreds of layers will yield very high
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degrees fromthe normal, preferably at |east 45 degrees fromthe normal,
and woAvsgore preferably at |east 60 degrees from t heiesoRRksss
Preferably, a reflective polarizer conbines the desired % RMS col or 15
along the transm ssion axis for the particular application with the desired
anount of reflectivity_ al ongllithe extinction axji s across_the bandw dth

of interest .reflgetivities fax, sraglarized lightar Ear Bpelarized Jlightcthe rrflectages, at

bandw dt h of eTole L0R ' et/ 00 i e nsm ssion al ong the
extinction axi's %%%%??T%e‘fi%g?glence_ I{fﬂ?ma&?ﬁ%%g?n;a )ly | ess than 50%
preferably |ess tinfhaip¥pplications)rthé dded!reflecting polavize? has Wigi/refidtthneyen noE e
preferably less than 3% For polarizers having a bandwi dth in the

vi si bl e rancplongiome @i (thenso-salled exsingtipniaxishandszego gefjectance alangdhe gther _
t i Si | i nct i i s at . ;i NCi is desi.rabl
o5 thad 208 e Sesistoh 88 3Hal sl Ve IBeigkidfy e bindiisddo, ¥ o o
preferably |36 of e polariera g g'-ememlsmd@irameL & ﬂﬁkﬁnﬂz@&?misﬁﬁi&i&:/%f Apht

Reflectivity at off-normal angles, for light with its plane of pol-arization
paral | el to pdiarizeddndhe divestionaofithbe trapsmission axiscoviey the bandyddth-ofriterest

m smat ch, even if the in-plane y.indices . are matched., The resultin
syst em t hus 30g4salso,pyer the range of angles of inferest. Average transmgssmn at normal 53_ J

VWO 96/ 19347 .. . . _ 4 s aur s . '

PCT/ Usos/ 1gagidence for a narpow bandpolatizer across a 100 nm pandwidth is desizably at | |
pol ari zdQ | ilgdst .S0% preferablyvatsleast 70%r aridenmorel preferdbdy at ileast 99%nalhesi s of
the mrror cases as a "p, polarjzer". ~ For_uniaxially stretched
pol ari zers, 3YEFage Fanfmission ah L0 degrsess, from the -W%T“&f'ifeﬁslhp‘b‘é“ WigBh t he (
alternating sl : Qe L A - ' V@ns. As
descri bed heW ?‘@lgqﬁeeé]gésa Héo‘% %Elgfi;\cl{ré %démt‘ﬁgg?légﬂlgﬂ%eﬁ %5{%%% 160

di fferenti almn fbandwidth Gb dekirably enclgast50% ] pereferably a0 deust i70% cindamoreé ndex

m smat ch is describe to conpensate for a z-index msmatch. \Wet her

i nt ent i onal Ipyefetablyjat least 80&. natural Iy occurring, -any index mismatch will

i ntrodu some r ect Vi ‘el | t C t =S I ng the
X- 1 ndex(igi fferentldl Sf%hﬁgﬁslpﬁeayb% @gfdeﬁ% F%(QXB@MI’ gﬁﬁ’%l S.
Since refl eqidnyinisdion"Bii€ asross BRPVisible Sectruin(¥O0LTO0 i fordebandwidth of
differential in both the stretch _and non-stretch directions, the ratios
[err]ny/[ er 30@amhis desirably|aslegst 30 foe rpreferably atileasty?0%i moare preferablyBt ai n a
pol ari zer hayi tgh,extinctiQ [Welg) neaxi s _across t.ne bandw dth
of interest iﬁggg%s%ng\%?n %#B%@P@H’f%é "%‘_r" ggl%l‘ e‘?,ﬁe average ﬁ"@sﬁi‘?‘ég rving
high trans mﬁﬂsﬂéii'e_a FRfin Lthe sirinaP aieasured | long dhé QfanSiidsions adis) foPan 0. 05,
0.1 or 0.25 are acceptable. ldeally, the ratio [err]nz/[err]nx is O, but
rati os 20 polarizer from 400-700 28n ds desimblyl atolepst % < preferablybatcleass| % zer .

more preferably at least 80%, and even more preferably at least:90%.

For certain applications, high reflectivity in the transmission axis at
off-normal angles are preferred. The average reflectivity for: light mlaﬁzed
along the transmission axis should be more than 20% at an angle of at least

25 20 degrees from the normal. '
| If some reflectivity occurs along the transmission -axis, the efficiency of
the polarizer at off-normal angles may- be reduced. If the reflectivity along the
transmission axis is different for various wavelengths, color may be intfoduced
into the transmitted light. One Way- to measure the color is to determine the root

30 mean square (RMS) value of the transmissivity at a selected angle or angles over.
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Fig. 17 shows the reflectivity (plotted as -Log[1-R]) at 75 far

polarized |i VX984 its plane of .incidence in the non-st retch‘ap’?%éPF%ﬁ,

- for an 800 | ayer stack of PEN coPEN. The reflectivity is plotted as

i function of wavel ength 20 across the visible spectrum+(400 - 700 nn). The

. relevant indices for curve a at.. 0 enyel 64 nlz = 1.52 n2y
= 1.64 and n2zthe wayslengh, zange of interest. ﬁ?‘?a%ms?‘g 2 s&g’lc%gﬁrdefeﬁfn ess
grade for quar : Rl re each pair t hi ckness is given by dn
= do + do(0.00é;n. k?ltgi%g{/%“sﬁg‘gre assigned a random t hi ckness error
Wi th a gaussian distribution and a 5% standard devi ati on. 25 :
Curve a shows high off-axis reflectivi ty, across t he visible spectrum al ong

the transm ssion axis (the, y-axis) andﬂ@gﬁ;ﬂi f erent wavel engt hs
2C [

experience different levels of re y. This is due to the large
z-index msmatch (Anz = 0.11) GgFflee—the—spectrumis sensitive to
| ayer thickness errors and spati al noduniformities, such as film

caliper, this gives a biaxial birefringent system30 wth a very
nonuni f orm3nd "col orful " appear ance. Although a high degree of

- 24- : . . . :
ber Usos/ 16555 Where the Fafge Al to 22 i the, wavelength range, of bandwidin, of ’355?%’@, it

is desirable tg t 1.he . d . - Q¥iS £l OF, ‘@ngzeit
for those appl f%;ﬁ?oﬁls}“&%&l% %on§ L %gﬁfsg%’%mmsbw&?ol orlsg|r§g%argr ance,
such as | i qui dyahstiissivity afoRg NS trXisniiksien atiy e theobavelength Fing® bfjtferestd
Of-axis reflectivity, and off-axis color can be mnimzed by introducing

an index nismatch t &or lapplications weherh aj lawpeolae pplasizercis dasirgblgn dhen % RMB at

gr ;e)glt Sr ?z aw on“?%? }gﬁé@ﬁ\ﬁéﬁ {}gﬂl g{aﬁnld%f p?#xﬁp%"‘ﬁsgl ﬁ‘ag‘eg%i, r}lgm%hpel'gfeéa_bl)_'L éess
expl ores the effz803 594, dndteven irbrePreferably 4% tRAnSIHYE Bt b ahgld Ut 41 deakp 30

off-axis reflectivity ‘along the transm ssion axis of a biaxial birefringent
system dégrees from-the. Aormahdpneferably iat deast Afzdegrees fiom the @otmoal, aning

conditions are | ot t for - olariz light: a) nly = n2y = 1.64; b)
nly = 1.64, n2§ven moréoprei@%gyaé“gh fegress forﬂﬁ%@’f’%ﬁ Curve a shows the
reflectivity where ipher i %ng "lﬁfli'e? niYiesofhd 1&%}@@9; RS coldpur Ve
a has a reflectance m ﬁfar?%ym%trgq ¢ , but S?’sesl steeply after 20. For
curve b, niy >alodg thetransneifdioraxiy forythe particulan application wdthi thik yesifed amount
where nly < n2y, has a refl ectance m,ninu but rises

steeply ther eapf @ﬂ%ﬂki%&%ﬁ%@@b%gﬁﬁwﬁ b&é‘ﬂﬂﬁm ]°f dntexest. For
pol e 269,19l b, W4l RROBR Rt ¥ MBI sl
be the same as100 nm, average transmission along the extinction axis at normal incidence is
desirably less than 50%, preferably less than 30%, more preferably less than
20 10%, and even more preferably less than 3%. For polarizers having a
bandwidth in the visible range (400-700 nm, or a bandwidth of 300 nm),
average transmission along the extinction axis at normal incidence is desirably
less than 40%, more desirably less than 25%, preferably less than 15%, more
prefe‘rably'less than 5% and even more preferably less than 3%. |
25 Reflectivity at off-normﬂ angles, for light with its plane of polarization
parallel to the transmission axis may be caused by a large z-index mismatch,
even if the in-plane y indices are matched. The resulting system thus has large



20 the z-index msmatch (nlz- n2z) for a Brewster mninumto exist. For
the caseW096/1934%f nly = n2y, reflectivity for s pol arized pcLjtisosnsssser o at
al | angl es. By reducing the z-axis index difference between
| ayers, the off axis reflectivity can be further reduced. If nlz is

equal to n2z 13 1 ndj s wll still
have a hi gh ;eéﬁpg\gfy %rtgf %@fa’tsmlg%sﬁm&o@ %ﬁm&r}? ﬁ} S @udMe, and
no re”eCt'Ofé_féi?éﬂtéé&%'inﬁie%ﬁl ﬁ%fﬁﬁé‘ﬁﬁﬁ&i@&e@&dﬁ"ﬁbo&?&eﬁnm e

because both indices are matched (e.g., nly = n2y and nlz =.n2z).

Exact matchi ng of Fohaxmamal;y ist¢tched mlarwm, tpecformanadi dependsy uport the .
possible in s ltila t he, z: axis ipdices are not matched
in a Tegq'qoi‘ 2‘%, c‘ﬁg@h o‘ﬂ!ﬁft Bff_‘s’% | thess Chi Xnﬂf"iﬁ)may be
desired fsor diectiofis. p'&”&esbﬂﬂéd?ﬁére{ﬁ Vi 9 dedirable to! Rifinfi2d gy 438% BiteR) el N9

addi ti onal
96/ 19347 differentials for a hlgh efﬁclency polanzer Introduction of a y-index m:smatch '

PCT/ US95/ 16555 one one or .ba the material |ayers
in order to ﬁsrﬁf’ﬁ‘éﬂ’aeemc@m E‘E’ X Mismagchy o %P%W“WHE@?@"&S&MCH bed

Cone " oo o durkfy oL ﬂgp&fl pissRSER Wi iRiRoduck dbfle SEHESHvid AR, Y T

that forns yers or t hat

forms the seingirgsdt FRtorhas hsamkﬁugnmb )bﬁlddﬁmiffé&nﬁﬂdlai‘ger than theyl afi@i on for
the transm ssion axis at normal and off-nornal les, or to nodi fy

the extilfctizindex differeptials: Singe. mﬂncnmt:gnﬂcrp%ﬁe&nm asna dfuection: ofrindedn axi s.

crystalt1ni (HERIEE e Wi RRC A A roh dusbloh. e HBR A Ansond ¢ ar (o

ori entati on. Anz/Anx should be nﬁﬂﬂﬁﬁ&l eSB! @pbﬁneéﬁi%mgh@xpﬁ&walaﬁ um ng

nlz = 1.56 and n2z 10 = 0 ([err]nz =
i ndi ces a) none axid adrdss me)bandmddspf interest amyd ai&wowerhﬁnbadmﬂ;geroﬂal@&s Cur ve C

is for s-pol zed i for either case. rve a, where the sign. of
the y-i ndgx %mﬁ"’g@ P’rgg gé‘??@“é% I jong. qhﬁdg;pogonal axis.s nRatias, of; less)| '?s in
t he Io t S -
refl ect ance%%n an 8 ﬁl;?/g? S %plaplef.l d&ll)&tt@g%nﬁ!fﬂ%gﬂﬁ gﬁwmﬁ&

I nci dence V\mmegshﬁamommrlmﬂalsofproduceambleﬁonnzéﬂ is plotted as curve b
in Fig. 17. Conparison of curve b with curve FI& 17 shows that there

i s far | essFigs fl7ashews dhe creflectivity (Hﬁﬁeq Wér ER bv?ér7§)erf§élli/ed

%ﬁ'e"ie?QSaﬁtﬁoﬁ%&es&ehfg?*ﬂeﬁ"r@%‘eyflnéﬂ%n%“ﬁg@%f%%#%%fnﬂmfe. el 962 >
1.56, n2y =& &Esta%kd:fm/aopﬁﬁf) T}?&reﬂecnvny is ploteéd adGuadtivhSofowaveléngti Pl ot

of equation 1 whi ch sunmari zes th axis reflectivity discussed in

rel ati 0?0t o aeress thevisible spegtruny (499d mognm) The relevant indices for¢upenalaht
ndices 1 nvoghat i b 1084 SHALCR 53 185 'L e M PP L 1/ IRE el
stack design is a linear thickness grade for quarterwave paxrs, where each paxr

- thickness is given by dn = do + do(0.003)n. ~All layers were assigned a
ra_ndqm thickness error with a gaussian distribution.and a 5% standard deviation.
25 Curve a shows high off-axis reflectivity across the visible spectrum along

the transmission axis (the y-axis) and that--different. wavelengths experience
different levels of reflectivity. - This is due to the large z-index mismatch (Anz
= 0.11). Since the spectrum is sensitive to layer thickness errors and spatial
nonuniformities, such as film caliper, this gives a biaxial. birefringent system
30 with a very nonuniform and “colorful” appearance. Although a high degree of
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two i ndex m smatches, [err]nz and [err]ny. The plot is an average of 6

pl ots at WO I¥H3ddbus angles of .incidence fromO to 75[er] | RCLUSRHgsSSe
increments. The 25 reflectivity ranges. fromO0.4 x 10-4 for contour a, to
4.0 x 10-4 for contour j, in .2 constant increnments of 0.4 x 10 -4. The

pl ots indicate how hi eflectivi . C d. n.index ns h al ong
one optic axi é’og’inmg%q’gf é%sg?g%y}oé ‘f#‘é%?%?%‘cgﬁg& a%%ﬁ?ew%?%?ﬂecimgﬁ e

Thus, by redudepfet S off-dxiéiRvlo¥ andtmihiMeRefor! Ay applicafiom «‘r&{lﬁﬁné(& |
birefringent systens, and/or by introducing a y-index 'msmatch o produce a
- 26-. Woniformo bW color appearance, such as liquid crystal displays or other types of

PCT/ US95/ 16555, Brewster effect, off-axis reflectivity, and
therefore of f GiSPlaysc | or, are mnimzed al ong the transm ssion axis
of d mul tikayer ref ﬁ%ds%ﬂ@éﬁv?tﬁ" 2fid off-axis color can be hinfHii2ed 6 ?+t§&l ghot ed
that narrow band polarizers operating over a narr 0w waye ength-range
can al so be daaiigdexdmistiatch tolthe pon-siretph &s-phias indidesdnly and n2yy thatcredtd@se can
be nade to produce pol arizers in the red, green, blue, cyan, . magent a,
or yel | ow band®fewster canditipn off axis, while keepingthe s-polarization reflestivity 19 iazer
shoul d transmt. al | |ight of one polarization, and reflect all Iight

of the other polarization. Unless |aninated on both sides to gl ass or

to another film w tFig.al18 ksgsloresid éffdct of itfoduCingiy-imdek mizshlagti inoreducihg t he
10 air/reflecting polarizer interface will reduce the transm ssion of

light of 1@e off-axis meflactivity plongthe transmission axis ofja bigsigl birefringentcsysiem. be
useful to add i reflecti (AR) coating,t he. refl ectin
polarizer. T Rlﬁoﬁtﬁﬁg apg n2z = P%?e@@%a‘ﬁl@tlh)egpﬁ% ‘Y’é‘go‘@“gl‘qoé‘ﬁ TS film
of index 1.64 jded £5zeR i Z8r b= n2v = figs: se t Bt 9s I he
i ndex of all ngergg:élﬁbﬁe no(r?g r'etL@h &;) fi7ect ?c??f.’ %QWS l'g‘g’rr%z)ioati ng
wi || have essdrfiZ;ak) nlpo=el.6&ch2yr- t1h66.stCurvela shiowsche aefléntivity sehdr ahe _
alternating ipndex stack of the stretch djrection has a _very high reflection
Rty kel o

coefficient ifBanedndiges pty and uryR ahias agreflegtancs, puRIgUM At i ons.
A R i . i t | i , i:d th
o 1R 800 bl 4iskd Whlply 12kl 20° 8K IiCurily 8 naY W hektdly | 1

coati ng does not at or danmage t

An exenpl ary tmeeédsegrapidly. WCuhvé &ewherguriyt &2 w2y e had acleflectandenmininuioat | ndex
material, ideally wth index near_  the s&uare root of 1. 64egfor PEN '

based materi aﬁgjyb.ut- rises Stgéﬂlérthml Censidarablp reflectinasacaygs as well for s
Wth the above- i ' | der at | bl ished, f
or i nary oki | PO PRBEATRLYR, AL B0 R 8.0 o Wbis B < can

be used indicate that the sign of the y-index mismatch (nly - n2y) should be the same as

20 the z-index mismatch (nlz- n2z) for a Brewster minimum to exist. For the casé
of nly = n2y, reflectivity for s polarized light is zero at all angles.

By reducing the z-axis index difference between layers, the off axis
reflectivity can be further reduced. If nlz is equal to n2z, Fig. 13 indicates that
the-extinction axis will stiﬁ have a high reflectivity off-angle as it does at normal

25 incidence, and no reflection would occur along the nonstretch axis at any angle
ﬁmuse both indices are matched (e.g., nly = n2y and nlz = n2z).

Exact matching of the two y indices and the two z indices may not be
possible in some multilayer systems. If the z-axis indices are not matched in a
polarizer construction, introduction'of_ a slight mismatch  may be desired for

30 in-plane indices | nly and n2y. This can be done by blending additional
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to formnultilayer mrrors or polarizers according to the invention when
pr ocessewowae347condi ti ons selected to yield the desired rrefIvisosm6sssi ndex
rel ati onshi ps. The desired refractive index relationships can be achieved
in a vari ety of ways, including stretching during or after film

formation (e.qg.. .in.the 30 1S [.C r ext rudin e.g., in
t he case o&Wﬁ?ﬂﬁ"B‘ 5&93 | 9% R@ﬁ' %f%e %@%&?a}a&%sygfoi%détﬁonﬂ‘maﬁe f:li tigon,

it is pref W&ﬁ@&a&é&v&\wnﬂaﬁ Q5 idéderibed \below in Example 15. Blending a

-27- WD 96/ 19347 -

PCT/ US95/ 18%66d resin into eitheri the polymes] that fosms the biahly bi';'e(r'mggnt, lamtor _

benoral | ot %&%@%mﬁ%ﬁ@ﬁﬁww 61 BYER THRY be.dons fgodify (e
first mat egrﬁk tior? Secongﬁbkﬂﬁs@ﬁ é&éﬂar%ﬁﬁﬁlahargg Crystgf 1e9' 6f gpably a

pol yner, erral, tnturn |ﬁe

sem - cryst modifpehe extinttion joff thespolarizer foi'ﬂnnghtspolanmdm meneachncdnn bdye a
bi refti ngence opposite to or the sa e first_ material.

O, the seEbsgeconde blended gesim may Wﬁﬂi\‘& :‘F‘ﬁd@h&@dlfymg the crystallmgpec, fic

o s oner i He iR o TR G hOpblr Rl AR DoLE  (PEY
pol yal kyl ene t eAnoiheh akahple i§ pladted i FIG 19y lassuming arigpht 56 aad n2z
pol ybut yl ene ter e&gt hal ate, and pol y-1,4-cycl ohexanedi net h I ene

t elr ept ( al &t b)ﬁo (pmtzw tﬁ» swith tltle follewing ypmhm)wliyc—. hbdicnly = 1.
ol yet heri S C |c 0 ene, carbona
Bol ymet ha %& esq @ 5 *\ﬁsg 'ﬂﬁvfllc mql%lf%mlcﬁﬁ'hacryl at

pol yet hyl ”@ﬁ%%yw&x@ meprml%rparmeptmaénehhﬁﬁmqme sk YA Cthe | Afndex (€. 0. 5

pol ybutyl acryl at’e and met hylacryl ate syndi otactic pol ystyrene

(sPS), misnych) iresults tin mqiommfﬁhnglmeﬂgdnvﬁyyr ene, syndiotactic

| ydi chl t bl t '
ol yat yr ence. - b Gompued ofi-gls rilectancs of an 800 Tayeh w3k e A 8825 cel | ul ose
acet al, Cfialdib ﬁ’n? d&ﬁ%ﬁﬁ wﬂbﬁ&d&'&%ﬁr\ﬁcﬂrﬁi‘fg tl@ﬁfﬁ@flascurve gnd

cellulose nitrate ene polyners . pol yet
pol ypr opyliarifig, 2@. pgtimnyifmuwe bovith surlvetaylhdﬁg lﬁrsﬂows that there is

T R il e e o ol 1
copol ymer “yni thgpgéérty%e %&dlﬁ&ﬁﬁ}?or tted {d £iVE BS: The nt lndlces for cu

pol ychl or I"'ene nat ed polymers PO yV|nyI|dene
chloride b at550umd anpnlyw )64 o= AdH6, n29l =y 1U6S. mbﬁZz polﬁet her sul f ones,
pol yacrylonitrile, pol yani des, silicone resins, epoxy resins

pol yvi2By| acet atFig. é’f@l Shomisca CQ'FFP%BIOt of equation, JeWhich, summarizes| the

, I d t h .
W oo sul s AHLIRLEA Rt PIHfon " 100E Blotarized ighll’ THE bF ° anes-
copol ymer Sn@épeRdént -indicés mvbl\iéd in ahamnaadfcﬁrdi?ecﬁomabé Beert Ajlueéd &5 boxyl i c
two index mismatches, Anz and Any. The plot is an av.erage-of 6 plots at

various angles of incidence from 0° to 75° in 15 degree increments. The
25 reflectivity ranges from 0.4 x 10-4 for contour a, to 4.0-x 10-4 for contour j, in
constant increments of 0.4 x 10 -4, The plots indicate how high reflectivity
caused by an index mismatch aiong one optic axis can be offset by a mismatch
along the other axis. |
Thus, by reducing the z-index mismatch between layers of a biaxial |
30 Dbirefringent systems, and/or by introducing a y-index mismatch to produce a
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acid, or esters thereof, with (a) terephthalic acid, or esters thereof; (b)
30 isopht M?89938% 4 or esters-thereof; (c) phthalic acid, BrTESISHEESS

t hereof; (d) al kane - 28-

VO 96/ 19347 gl ycol s; (e) cycl oal kane glycols (e.g., cyclohexane

di net hanol di OB)ewséér)efﬁbkwﬁam reﬂecﬁvmrmaeforewffi&xs earé{-%e(xﬁhmlzed
cycl oal kane di carboxylic *aci ds (e. 9 , cycl ohexane |carboxyI|c

a]el ;j)) ﬁ;)ﬁo: yalong thef transmjssi o am@ﬂhy&_rﬁﬂe@mg(whg‘;z,ﬁrlcopol émer Sb : I

of terephthalic aci or ers there a), n al ene di carboxylic

acid, or est eflt shq‘l@reé'{ﬂ’ < B @S@B%MPWCﬁg@ Boalgﬁ?erés?@?%mlghﬂ?o? (¢c)
pht hal i c aC|d | kane
glycols (e.g., cycf%angth mg&rbgﬁeﬁg%anﬁesng %“‘?f?'%rﬁm 163 di cargggg”(iyl iC

aci ds; and/sor KeygincyThesalckmbe made to plodure polarizers incthe ved,egreen, blue) eymmyane
dlcarboxyllc acid)), styrene cqQpolyners (e.g., styrene-butadiene

copol yners and'“%g%%r%ﬁﬂp‘flt@ﬂfl ’rfpl'ﬁx*!!'@iﬂﬁ-l ynmers), and 10 copol yners of

i4n?ifi vibldttjglnzﬁege?mrrgy Iﬁeaﬁ’tr%ﬁécgﬂgﬁg%% Fhouh&(;gﬁﬂngi?fé'aﬁplghg ?B‘Sx?é”"d’@é‘%?‘?’bed
pol yners or cogi peflectsall ﬁﬁm of the ottt polarizEffoin AUlesstaininafsd oF bithesi@es toT e

COPEN descri bed nay al so a bl end of pell ets where at | east one conponent

is- a pol glas,sroro&wthm filspwitha elear ep@egl tadh;qu; sytface seflections:at the
conponent §ar e her_po est er . tes, .such T,, a PEN
or a co- PSI':iiQ. ait/Feficlhilg féﬂﬁeﬁ‘sf*??/ %‘ e B‘R% g}‘F%‘FWéﬁngngﬁg’fg?‘F ethe i n

t he case of pQiedfrbd ?édianza | NnClpifde # oif t By | gdadult late
( PET) / co- PEN, QiPEN/ S fion, PET/ sP5, PE E;sfdgrmeogh%nggﬁ Eastla?(5 eﬁ?e%

"co- PEN' ref ermﬁreﬂmﬁemp(d&rmoanng to dhe b‘bﬂmhnuapeldnmr'on T ARacoating is

di carboxylic aci s ,descrg be ove).,and. .2 siar, ' ) )

pol ycycl ohexam&fé’? gwwgl‘gﬁeﬁﬁ?ﬂ@ ‘%dﬂ&@”:’l%g tlpg,%gbgpqsggmglngm In

East man Chemi cgf f@?ﬁ

| ayers in the case ?serrt‘h ?’trlgrﬂsle mde'?cacISftnéleﬂafg PET eﬁ s&@%&ﬁ?gﬂ &gEW‘g
PEN THv, REN cameicbatingavill have RESEAHAN; noveffeet O ttthEiié‘tcl'r direction beoauswmel yrrer
or bl end based_upon 25 terepht 2,%‘; c aci d (as descri bed above), Ecdel is a

t her nopl ast i c AXematigg cjndex s Fechian| hast aoMenya bighe feflpctioncal
Co. , d THV | 3M
The nﬁprber ofI ay@#%ntllﬁé%#eﬁgeeg#&? S Se ecrtcae%q'%' g%/gﬁljg%g {zﬁ%&g‘{e}}éi r‘e“gg

optical properAResating kgpwihin thenrteouldbeapplied| providedsthhpthercdagmy o ndti | m

30 thickness, flexibility and econony. In the case of both polarizers and
mrrors, ‘overheat or damage the multilayer film being coated. An exemplary coating

20 would be a quarterwave thick coating of low index material, ideally with index
near the square root of 1.64 (for PEN based materials). |

Wlth the above-descnbed design- considerations estabhshed one of

25 ordmary skill will readily appreciate that a wide variety of materials can be used
to form multilayer mirrors or polarizers according to the invention when

- processed under odnditions selected to yield the desired refractive index
relationships. The desired refractive index relationships can be achieved in a
variety of ways, including stretching during or after film formation (e.g., in the

30 case of organic polymers), extruding (e.g., in the case of liquid crystalline
materials), or coating. In addition, it is preferred that the two materials have
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PCT/ US95/W@ 819347 the nunber of layers is preferably PETAISPHIATSS0, 000,
nore preferably |less than 5,000, and (even nore preferably) |ess than
2, 000. As di-scussed above, the ability to achieve the desired

rel ati onshi : | U | el - sk f tth.aN n s the
3PmA&0 E‘ﬁbolo%lcal bﬂa@m@s @, Sﬁiél‘t Cﬁ§cd§fue§)9 shélf t{lﬂ tC d@:gg/ e

optical properties of the nultilayer .device) 1s Influen the

processi ng corsktmideds used to prepare the nultilayer device. In the
case of organic polyners which, can be otiented by .stretching,, the .
devices are gene&&l%?“ﬁ'ﬁ@ﬁgfwafﬁlc%b@ﬂ%d?%b? K@‘?‘fﬁim’l ngodsthers to.
forma firf nbhierdy. ' i e £ oS ing at a
sel ect ed itnrgrrper’a(@af[t S&g@)ﬁlgghgﬁ%&?ﬁ%m@gw{}eﬁ fﬁe’-g{e?asﬂgiltﬁ %ﬁgwh )
sel ect ed5t erffhersetomiematefial, if\tura) nmyibesdrystallinéesemcrysialling, oredlorphoasnt at i on
steps may e perforned simyl tganeously. | n the case of polarizers,

the filmis Hhersecondomaterisl may haye pbirefringence oppesits;tp orthe same a5 hat of

orientation ' [ 4t ; ] ' LS. stretched
subst anti al I)d;/eﬁ%kh%omg[ll'r g&, ?‘ge?lgec?%‘ll {alxlali Eala g}aﬁ'gﬁ%b %)@%efrmgence. The
filmmay be all ogpécific ekaftiplssi oM alitabile’ Mlateriaisnintlude Polyethyléne haphtidate
direction fromthe natural reduction in cross-stretch (equal to the square

root of (PEND cang risomoers theredf (&gbeiifyy, chdst rlafned,T-i . and %3-PEN)st ant i al

cmen?me it ; EBDRUIGE, Crepbingtncd TEREL Bl L SPHRgRS, RS " "
tenter. terephthalate, Tdhd PoI§=Bi cytlohetmediniciylée téreplithalite),c PBR/imides ©

stretch rate, stretch 20 rati o, heat set tenperature, heat sét time: heat

set rel axat (®8,, polpacrylic imides)e tpolyetherimides | atactici polystyrene,cpelycastionatesyi el d a
mul tilayer deyice havin he desjre fracgti . i ndex. rel atjonshi p.
Thesla vgri aBPé'Igl%rx\ilﬁ‘Fgr iﬁé'pembﬁstog, "{ ugeﬁ%ﬁﬁgﬁanﬁl@i logyf(metﬁactyllépeat i {/gl y
I tretch j f. v . i I
sreten it onfopeyifthiedyBue,>cthd | pofaibiiimbtiatn o). poifactfaily) R4, O
sel ect 1§e polybutylgerylptei @ind qolymethylacrylasé), t symdiotactic apdlgstyteneadPS)ye t he

ral, however, a,sfretch ratios in

desired I til . i ce,
Uhe range. { AEMIASEa o PolyEiPGIRY! | Sepher SyBPRENe 5 Rl Cichigrosmese

stretch dirﬁgﬁd f : ) ' y‘s&?én@ ; r Vafg OMm 1: 0.5
to 1:7) ort ggﬁg@{%dtﬂgﬁ%stéfe%gﬁo%ﬁe é\ec 1on°1s ?)’r%e#lél%orsgég tivhdis 8
Sui t abl e nukthyl eslhrloste celhriosenacetatd, wellblose propionatk, (cellulgsé acdtate bueyrateyich as
30 spin coati ng (e.q., as described in Boese‘et al., J. Polym Sci.: Part
B, 30: 1321 and cellulose nitrate), polyalkylene polymers (e.g., polyethylene, polypropylene,

20 polybutylene, polyisobutylene, and poly(4-methyl)pentene), fluorinated polymers

e.g., perfluoroalkoxy  resins, polytetrafluoroethylene, - fluorinated

ethylene-propylene copolymers, _ polyvinylidene fluoride, and
polychlorotrifluoroethylene), chlorinated polymers (é.‘g., poly\iixiylidéne chloride
and"_polyvinylchloride), polysulfones, polyethersuifones, ~polyacrylonitrile,
25 polyamides, silicone resins, epoxy resins, pblyvinylaéeiaté, polyether-amides,
jonomeric resins, elastomers (e.g., polybutadiene, polyisoprene, and neoprene),
and polyurethanes. Also suitable are copolymers, e.g., copolymers of PEN
(e.g., copolymers of 2,6-, 1,4-, 1,5-, 2,7-, and/or 2,3-naphthalene dicarboxylic
acid, or esters thereof, with (a) terephthalic acid, or esters thereof; (b)
30  isophthalic acid, or esters thereof; (c) phthalic acid, or esters thereof; (d) alkane
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WD 96/ 19347 , _

PCT/ US95/ 16%06/19347 (1992) for birefringent polyini des, aRCIUS9S6SSS
deposition (e.g., as described by Zang et. al., Appl. Phys. Letters,
59: 823 (1991) for crystalline. organic. corrpounds the latter technique

is particul arl glycolsf () dyoloaﬂmné glycolsofetg. naycloha:ané dimethanolr diel)fi(f)i dlkane
organi ¢ conpounds and, ingorganic materials. The invention wll

now be descr i béigarbgxylig,acids; and/or (g) 6%1%1@!%@9")’110 acids (&8¢ chh&mees

{1 ansm soi on. (HeABIRIRAEE), Copdithiskiofiyaliest kPR 8., covolymBiay 31

a 70 napht hal %ﬂ%ﬁ?hﬁﬂﬁ@ﬁ&ﬂhéf sitersanerebs, asitle '(a)(mﬁﬁﬁkn!ﬁﬁ&rboxyhc acid, or

synthesi zed in a standard ol yester resin kettle usi ng et hyl ene glyéol as

the diol. §. estersndnerenf; (b)snsophthdmmd,yorocsmtthermfe (©Ephthalit adid, opB¥Eetswas
approxi matel y 6 yer fi PEN and coPEN were
extruded and tHhemof; (d) Mléﬂ?ﬁs’sté"g EY@H“ILW lngs ?ﬂ&s rcé(a‘\l’h?ﬁ'iéd at
approxi mately : r e t p| C
refractive inadéx E)h?h ﬂn?ﬁ?ﬁi@ alkﬁic‘ié %i@ﬁ%ox}lﬁe %’\l v\)égg}agh 9 er| Ze by an
i sotropic ref rdigdrboxylicnatids ¢¢.gaboydloliexére dRarboxylic dcid)), styrenei Copobanérst hat

the refractive indices associated with all axes in the plane of the

filmare subst(&f&i ameéqmwnesmmlywsa?m mwlwmemmems@med

the 20 | RN SBboliert bF, Ak Biatie | ald el Bty pivi o' 1, Doty ol

1.88. The ort A opped -
ST Toht 1y to 1 e e e ot CT OB T T e

stret chi ng at pelymérs sirr espolymers i (eg blends rofi 8BS andoatactjni polystysens) oxTrhat ely
1. 64. sat, acto y ol ari zer was then nade q
alternating | @gﬁgﬁ gedtmpt M"g?"ﬁ M?Uﬁaﬁﬁnﬁgfoﬁ‘?g&c@llﬁt

feed bl ock whic a%gf" NEehext run
at approxi mat eal eo l&@‘gﬁ% Bﬁ htha.leneedi&frﬂ %e%hat -aapgr §§ &Hﬁoﬁéht%’%?? b/ hr
and the cdPENotirer pelyesteriost pdlycarbona&ppsmhlmtkﬂm #PEN d¢rtd &0-PENIe PEN skin

| ayers were approximtely three tines as thick as the layers within
the extruded fil m Jartiqularly prefesred cambinations ofidayergin thecesisgrafopalarizesse an

optical 174 vays) & PEN/OPENS Solyellyitde” reBhthBRR (PET)/co-PEN, PEN/sPS,

PET/sPS, PEN/Eastar, and PET/Eastar, where "co-PEN" refers to a copolymer

or blend based upon naphthalene dicarboxylic acid (as described above) and

20  Eastar is polycyclohexanedimethylene terephthalate commercially available from
Eastman Chemical Co. |

Particularly preferred combinations of layers in the case of mirrors

include PET/Ecdel, PEN/Ecdel, PEN/sPS, PEN/THV, PEN/co-PET, and

PET/sPS, where "co-PET" refers to a copolymer or blend based upon

25 terephthalic acid (as described above), Ecdel is a thermoplastic polyester

commeréially available from Eastman Chemical Co., and THV is a

fluoropolymer commercially available from 3M Co.
The number of layers in the device is selected to achieve the desired
optical properties using the minimum number of layers for reasons of film

30 thickness, flexibility and economy. In the case of both polarizers and mirrors,
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PCT/ US95/ WOs%H9347 1300 nm The 51-1ayer stack was extRORMKS9SA6RIScast
to a thickness of approxi mately 0.0029 inches, and then uniaxially
stretched with the sides restrai ned at approximately a 5:1 stretch

ratio at apgg 0C: o 5 t)66b.f %@T&b e s of
appr oxi mat el'y S‘ %@blyr%es.s B-%ﬁr?bly lesssfl{?ﬁe s',trétll(’?hedB | mlx;is?g{ eén heat
set for 30 $5000)dmdaevenpporepreferably) less tha®30Q0& r ] C i n-an air oven. The

optical spectra were essentially the sane for film t hat was stretched
and for film t hatAhwgiscussedkahoyen H@xtm 3ghieve the desired relatianships among o :

bt n-an' S5 e B of BASKAS (bl WSl e Cinoblies of e iuligs ' °*

)

prior tosheaeviee} is iffluenced by the p bo{ﬁiub@@yeaciow@ié R multRafdy made
as descri bed above, were conbi ned usij ng afluidto elimnate the air
gaps form nglewcpollartheease@ff argavic polymers whigh can perorientedhyr stresching,athgr aph

D R e i AD, ohANEH B Bk, e AR AR Ry O
direction S@uyltilayer film and then orienting the film by stretching at a selected
temperature, optionally followed by heat-setting at a.selected -temperature.
10  Alternatively, the extrusion and orientation steps may be performed
simultaneously. In the case of polarizers, the film is stretched sdbstantially in
one direction (uniaxial orientation), while in the case of mirrors the film is
stretched substantially in two directions (biaxial orientation). |
The film may be allowed to dimensionally relax in the cross-stretch
15  direction from the natural reduction in cross-stretch (equal to the square root of
the stretch ratio) to being: constrained (i.e., no substantial change in cross-stretch
dimensions). The film may be stretched in the machine direction, as with a
length orienter, in width using a tenter.
The pre—streté_h temperature, stretch temperature, stretch rate, stretch
20 ratio, heat set temperature, heat set time, heat set relaxation, and cross-stretch
relaxation are selected to yield a multilayer device having the desired refractive
index relationship. These variables are iht_er-dependent; thus, for: example; a
relatively low stretch rate could be used if coupled with, e.g,, a relatively low
stretch temperature. It will be apparént to one of ordinary skill how to select the
25  appropriate combination of these variables to achieve the desired muitilayer
device. In general, however, a stretch ratios in the range from 1:2 to 1:10 (more
preferably 1:3 to 1:7) in the stretch direction and from 1:0.5 to 1:10 (more
preferably from 1:0.5 to 1:7) orthogonal to the stretch direction is preferred.
Suitable multilayer devices may also be prepared using techniques such as
30  spin coating (e.g., as described in Boese et al., J. Polym. Sci.: Part B, 30:1321
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PCT/ US95/ 16530 96119347 EXAMPLE 2 (Pol ari zer) ApPeRIUSHE/ fE3EDT Y
204- | ayered pol ari zer was nade by extrudi ng PEN and - coPEN in the
51-sl ot feedblock as described . in Exanple 1 and then enploying 5 t wo

| ayer doubling Ltipliers in series, in the extrusiqn. The nulfipliers
di vi de LH992).fdr, hirsiringant P mides.; andovacum:depasition, (5.8, A epdbed by
hal f-width flo rgang, n Kk al ooy - r o]yl
top of each other< % ?"Pzﬁpg}it Pth%‘ 1%@@655%§§§|dgggﬂ cbh;ggl ésﬂyrgn%%lg‘rh S%ICO

coextrusi on nuédrnpoinds;s the Thtter exlirigque 3rparticularly usefildfof osrtainl coinbinations of
approximately 295[err]C using PEN at an intrinsic viscosity of 10 0. 50

d/ g at 22.5 [ benystalliniel asgarie compougds and ingrganie materials.scosity of 0.60 dl/g
- t 16.5 | b/hg, .The.cast. web ' leYe 00038 i nches, i

Ui cknese @hd vas. uA&VERAGE S 5 MCaesBREER, VAL frtne rolibing, Bretidied

direction In el Bxdnifles; | skRausecsptical ABsbrplior s Akgligible) eéfidctioh &fuals 1

140[err] C during stretching. Except for skin layers, all pairs of
| ayers were deminpsdransmissioni(Ro=whvd)ength 15 optical thickness for 550 nm
light. In the transm ssion spectra of Figure 7 two refl ection peaks

in the oriented direction 60 are evident fromthe transn ssion

spectra, centegg The doubl e peak is nost likely a result of

film errdrs T ntroo 11n the layer multipliers, and the broad
backgroundi®a resul t PEN and a 7¢ waphthalateé30 itérephthalatescapotyesteh ¢coPENE were

extrusion and casting_ process. . The 20 transm ssion spectiya in the

transverse di row@thesized &n 2 sandardpelysstes gesi q.tl@é}smg ethyleng ghyeel Frihgdiolhe
o127 A1 A FBAATARAT O DETPEN 1 5B U

together with an o ayer arizers

made as descri®édlghovsingler tayehdilms of FEN CandaodbPENewetes exgudsd and i ther
adhesive to produce a 408-layered filmstack. 25 Preferably the
refractive i nowniaxally isretchedsswith teovides restrained,nat approximatelyht50°C.  As

oot hed 15 xpuakg e RN ERAbAE) of RoRBRIc oAbkl of Yl 1,65, Fpfl e o
because the pegPEN was' éHatR%drized thy Sf tsobopitt refiaklivs filexVeIVaIRNALES TBY
different areas of the film in a random pattern. This effect is often

referred to asisotropiddssmeantchat the mefractive indicesagsociated withrall axes im ¢he plane

Iridescence begals bt Sre  SBSANAS dqibd, O Bou Rerhifl irtex Values were observed
at 550 nm. After stretching at a 5:1 stretch ratio, the refractive index of the

20 PEN associated with the oriented axis increased to approximately 1.88. The

refractive index associated with the transverse axis dropped slightly to 1.64.

The refractive index of the coPEN film after stretching at a 5:1 stretch ratio

remained isotropic at approximately 1.64.
| .A satisfactory multilayer polarizer was then made of alternating layers of
25 PEN and coPEN by coextrusion using a 51-slot feed block which fed a standard
extrusion die. The extrusion was run at appfoximately 295°C. The PEN was
extruded at approximately 23 Ib/hr and the coPEN was extruded at
approxirhately 22.3 Ib/hr. The PEN skin layers were approximately three times
as thick as the layers'within the extruded film stack. All internal layers were
30 designed to have an optical 1/4 wavelength thickness for Iight of about
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PCT/ US95 Wb 719347 mat ch from one fi | mto anot her, anpct/essk/igssscancel
when the filnms are .over | apped. _ Flgure8|IIustrates
the transmission data in both the oriented direction 64 ' and

transver se ction ercent .of, t.he ane of

pol ari zat i ogééﬁ lF‘ef | 38? e%%?rv%?‘& &5t FEtraged ‘i{ %é ftPoPn f}gﬁiﬁ Bt el y 450
to 00029 inchek)Carid’ HikAS GfARAIlY S steaieriddl Ivall nél gsur e of
nonuni formt es |n t e film | ayers in oné area versus adjacent

areas. Wt hrqsa'ainedtattdpprdnmatsl)carﬁ i citretch fationat approximmtely kKISO2CL e'Fhé at one
wavel engt h woul d have, n Ql.or variatiqn acr 10 sanple. Miltiple
st acks desi &F@@‘qdcﬁlf’bh‘g% ickess: 4%°VP‘§F°§Y @@9&6?‘?“5& will have
|11 descance 1 f SirfipigiefAg AiindWas K edtieP B 307RKBHRSAC ASprBin AT O

ayer t i ndex

wavel engt hs, due to I ckness errors e large d|

bet ween 230°C Eﬂmhameoeemf mbmpmhmpectrsmerasenneﬁpmﬁam@rf@r eikabl e film
reflectivities of greater than 99 ercent with a nodest nunber of

| ayers. Ththat was &W@taﬂdlfgf filmthatrvassupsequently heatisety i ri descence i f

roerlaerth .extr. on .
Brogess. >Cljorrput Ieﬁ%’i%?dfs %Mg&i&dg‘? (?{gpﬂ'g%rﬁ ﬂﬁ% h'gnéreﬁg ')’(gqu er than
99 percent $eidyef siavk ity both &F briemed directidte S0 iafid 'th @ @RRVESE Birettion 52

possible with only 600 | ayers-for a PEN coPEN pol arizer if the |ayer
t hi cknell prior toheatisetting.e controlled with a standard deviation of Iess

th | toplQ, 2 MPLE RET. Ecd 601.
M ?Po(r); AR e ?'t g)u?ggerceni?qzﬂ_sm s Efgﬁf"n 'I"é%r X s ¥fBe on a (

sequenti al bined hiding 4 IFRAT ieichihdtd Shy iadr ﬁsﬁﬂ‘ laOPolRfi
Pol yet hyl en%O‘rtleIPepr‘llt hal ate 25 (1 ET) with gﬁﬁsﬁntrll?\%acﬁ(\)/ sg%r‘salattsyogf 0.6

di /g (60 wt opticabhlayers./ Figure .6 ¥ a graphdihahicbaratterizes the M&Ia}ets sﬂmmdgby one
extruder at a rate of. 75 and Ecdel

.un
Cher mop! actPclR sanpision Jarn 3306 1,8 o in bt &6 oRSRSs lirection Shandic | ver ed
by anotfzer #xd #rhikobrsddirdeticii 6.0f 65 pounds per hour. The PET was on
the skin layers. The feedbl ock met hod (such as that described in U S.
Pat ent 30 3,801, 429) was used-to generate 151 | ayers which was passed
t hrough two - 34-




WO 96/ 19347 .
- PCT/ US95/ 1659 96/19347 mul tipliers producing an extrudate of RSNUSISAIEASS .

U. S. Patent 3,565, 985 descri bes exenplary coextrusion nultipliers.
- The web was length oriented to a draw ratio of about 3.6 wth the
web tenperature at about 210[err]F. The filmwas : subsequent |y

preheated to about 235[err]F in about 50 seconds and drawn in the 5
transverse di rm@aﬁmatlo of about 4.0 at a rate of -about 6% per
second. The filmwas then relaxed about 5% of its maximumw dth in a
heat - set overh satisfagtoryn2P4-laypred polarizerwas, atade; byhextanding EENvind 2. 5

Si de, and_pr oy PGBEN Bt G831 ﬁ’ét Pl 8 oHRnkd UF Bxptiple "L Tnctb Bl

transm ssiog f Q&oﬂ?)‘b?'d%hb :ﬁh{ersﬂaosene&uaﬂﬁ%msioﬁ (wmldﬂnefsedﬁma | ar

the val ue at normal® i nci dence (curve a) (w " wavel ength shift).
For conpar i son thd extradeddmatesialvexiting che fmdahlodmntprtwglh%w;dtbf ow streams,

t t | Ei h t b | f t t
for | OP D othem st ey pallayidl v, geang i 40 BF <apfsiner (0SBt | or
normal 15 inglHANedy - describes glilﬁf%y n‘ilsfoﬁETn rs. 15Fhe My tﬁ.ﬁf&n was

A coextruded f| Pm~¢ont al ni ng 1 ers was na n a sequentia
flat-film nmaki rmed \ataamrMmatdyJSZ%ﬂCpnsmgsBENAaPahymmmydlenﬂscosny of

ter epht hal at ET) with an |nt Vi ty. of Q.6 dI/
phenol /40 1D 850 g abi2dia W&&@é%?%ﬁ%&cgbﬁﬂgﬁwliﬁ?S%ﬂgﬂa&%l‘ﬂ/&t a

rate of - 75 poun d 6 oner
avai l abl e from sﬁﬁaﬁp%ﬁgn%b({gf) fﬂéjcgﬁmghbﬁgﬁ véﬁ'o%‘“%wgnot er e&‘[ f}her at
a rate of 65 penitkfesdand Waidruniakidlly Stietoied at a 5:1 ﬁlﬂotlha Wonigitudinyledizectibhe

f eedbl ock nmethod was used to generate 151 Iayers The 25 ~ web was |ength

oriented to a Withwtheasides sestrainedtat3ans aixj emperaturgedf 14076 duringestegtching.

Bhout 121" ) Exoel ot skt AT SRR enf SGRF Bt BE 1 S "

ratio of apgut &l%cﬁless for 55G*hf Béht2bRUthe SaksMRsion - of TRigutd ¥ fwyas

t hen rel axed about 5% of Its maxi nrumw dth in a heat-set oven set at
400[ err] F i n abefisctién peakmiis theTorientsdhdiseation 350 aﬂammnmfunnebe traasmigsiont 0. 6
mi. spectra, centered about 550 nm. The double peak is Most likely a result of film

errors introduced in the layer multipliers, and the broad background a result of

cumulative film errors throughout the extrusion and casting process. The
20 transmission spectra in the transverse direction is indicated by 58. Optical
extinction of the polarizer can be greatly improved by laminating two of these
films together with an optical adhesive. - o '
Two 204-layer polarizers made as described above were then
hand-laminated using an optical adhesive to produce a 408-layered film stack.
25 Preferably the refractive index of the adhesive should match the index of the
isotropic coPEN layer. The reflection peaks evident in Figure 7 are smoothed
out for a iaminated sample, as shown in Figure 8. This occurs because the peak
reflectivity: occurs at different wavelengths for 'different areas of the film, in a
random pattern. This effect is often reférred to as "iridescence”. Lamination of
30 two films reduces iridescence because the random variations in color do not
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PCT/ u595?"fh’§é'€347 The transnission of this fi |REWESISHESEHS i n
Figure 23. The % transni ssion for p-polarized Iight at a 60 angle
(curve b) is simlar the value at nornal i nci dence (curve a) wth a

vavel ength shirich frdin ol SRAEI0ChUHEY, O WHY th OBk spged was
sl oned down to neke an infrared refl écting |}dr)n‘gv}'\?ltcéul gvhteﬁi C ngglgs of
about 0.8 nigverlamped.t r ansni ssion is shown in Fig. 24 (curve a at nornal |

i nci dence, curve . at £Q degrees). o .o - EXAMPLE 5 ( PEN: Ecdel . 225.
Mrror) - 18ure, g&?ﬁ%?ﬁgﬁimspﬂ?%@% i heth:the origyted dimeetiomédie by
t rudi t - # | t t ' ti the film-
*h | abor atd, Eheveile dif2Aoh 62" O0ESST sebedt bF bt BEncld She Alihe 6F o ot o
(PEN) wi 5h epoldrivationds cefléctedofor twavefengths in Drangd!ftdin (a%ﬁrdﬁmat%rypmﬂ% /40wt

% dichl orobenzene) was delivered by one extruder at a rate of 18
pounds per MMnd Ecdel 9966 (a thernoplastic - -el astonmer avail abl e

from East ran Chemn &l LVE not her extruder, 15 at_a rate of

17 pounds per ho%%dgg%éﬁg\%aéysgﬁ&ﬁﬁxﬁéﬁ"ﬁea penuniformities in-the Sim ock

nmet hod was Uayds Woﬂsw%ﬁuﬁaﬁrw.imWae;gﬁeﬁaésm&a% ,a\ffﬁmlz .
web’ was mils

mul tipliers produci ng an extrudate of 225 | ayers. e cast
t hi ck stacly centered: tat songi wavelgngth vwouldabavieane rcobdra varidtion: acrogntied usi ng

avar e Sfor sumelsy Myl RaSacs e T reffs el el PG pebinim fhave *
directions gtidécstivel Gf n&igﬂﬁ@antAliﬁhGGIeﬁH& Sw@er dorftf ag%g WeSrdndaged into

the stretcher at about 100C and_ heated to 13 ricin seconds.
Stretchi ng Wwavelengtbsnduectodayer thicknéss etrofsaThel larpe diffeyential index betivesansi ons)

until the s |l £ _was retched to about 3.5x3.5. |mmediately after t he
stret chi ng @%{?ﬁﬁlf%@imreﬂswmﬁ%m%g%t@ﬂwmmf it. 25
Fi gure 25 sg%t [ S t i i r & m (curve a at
normal i nci encer,h'?ﬂ(r)gge I%ﬁ!g{'{G ﬁﬁggﬁlggs t.“@%@%&%e%‘frlgn ion for
p- pol ar 1¥ edadvaptageain elibilating Jiridesgbmcei if piopes dyet ahickmdss iconirsl @in 'ber Nl
I nci dence (wi,t.th .. _sone wavel ength_shift). . : _
- 36- achieved in the extrusion process. Computer based optical modeling has shown

that greater than 99 percent reflectivity across most of the visible spectrum is

possible with only 600 layers for a PEN/coPEN polarizer if the layer thickness

values are controlled with a standard deviation of less than or equal to 10

20 percent.

A coextruded film containing 601 layers was made on a sequential
flat-film-making line via a coextrusion process. A Polyethylene terephthalate

25 (PET) with an Intrinsic Viscosity of 0.6 dl/g (60- wt. % phenol/40 wt. %
dichlorobenzene) was delivered by one extruder at a rate of 75 pounds per hour

and Ecdel 9966 (a thermoplastic elastomer available from Eastman Chemical)

was delivered by another extruder at a rate of 65 pounds per hour. The PET was

on the skin layers. . The feedblock method (such as that described in U.S. Patent

30 3,801,429) was used to generate 151 layers which was passed through two
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PCT/ US95/ 65580 96/19347 EXAMPLE 6 (PEN: THV 500. 449. Mrror) PCT/US95/16555 A
coextruded filmcontaining 449 | ayers was made by extrudi ng the cast

. web in one operation and later orienting the filmin a | aboratory

filmstretching - aratus. A Pql hyl.e aphthal ate (PEN) w th an

Intrinsic Vi SCOSWP&IF?SD%IO(PUGI.%?,%l 7’8‘"‘%@% élf E@) Bﬂﬁ’ﬁ)l /J‘ggwtéat%t 3,565,985

 di chl or obenzene) deasbeobien IRy co¥xtARon multiplRK. " HHE wel ws TLILLE
per hour and THV 500 (a fIﬁ?(l)?gpolg‘/rrer nal\Pai Ipabl e Tie wébtf Wgsmﬁﬁgmgégﬁtgdﬁﬁ% ng

and -Manuf act ur i ndra®@uratiarof about<3.6 evith/ theawlethtenperdtinerat about 2 0°F; UTRE filkh vdas
rate of 11 pounds,per hour. The PEN was gnothe skin_|l ayers and . 50% of
the PEN was pres%‘l‘?gequﬁ“ Yr Prehgated (tp aboyt, 253°F i1 @bpute50)iseeqndsand odrawasini the

used to generat epay : ' t thre | di.plie

pr oduci ng 3 anggﬁﬁfé%fgmo?g&g I“g?/%?(g?’ﬂ#é’gggé a\?\eab%go Zﬂp%tléitl’ﬁrck
and 12 inches wisteond. The filihewascthen\relaxedtabout$ Hxofdts Matitiun WaGthUs ia Beaflset
- I aboratory stretching device that uses a pantograph to grip a square

section of fil meea s& #hA003He Jiheifinished dilanthickness was 2.5 mibt h directions at a
uniformrate. A 7.46 | 9aded .into fhe.15 stretcher at
about 100[err]C and hgﬁgégy%ﬁg%iuﬁrgghu%négf o h§t%§‘9ﬁﬂ' ﬂf?%?&ed

commenced at 10%hé andrhission a®shown i Fishre2 eI %nﬁhsﬂﬁish{]n for - Siﬁp y@ﬁms

- stretched to_about 3.5x3.5. Inmmediatel’y after the stretching the

cool ed by biBwi ra§ar6Sranglerfourverb) issimilar she value at normal incidenBe ¢euree 25 (widous
the transm ssion of, thjs |tilayer film Again, curve a 20 shows the
response at norr%ﬁve*eﬁg e, while curve b shows the response at 60

degr ees. EXANRLE n CORERN- 1 - I Q%%Qé | Z

A coextruded film co%i ﬁ?ﬂgﬁﬁg’ I ayer?ﬁégsb*raorge yeé ru@dhgf’{%‘émgglgt °£5
web in one oper dsatropicamiteriale (seer Figit 22)y showes fd Inoticeable a8 Oinareflectivity for
filmstretching .apparat us. ol yet hyl ene napht hal ate (PEN) with an
Intrinsic Visco® Hight & 565}&{%5166(‘}%@ %%cammd/ I cpfve ¢ for normal

di chl or obenzgne)ndi@ncee! i vered by one extruder at a.rate of 43 pounds
per hour and a CoPEN (/70 nol % 2, 6 NDC and 30 nol % DMI) with an :
intrinsic viscosity of 0.52 (60 w. % phenol/40 w. % 30 di chl or obenzene)

was delivered by_another extruder at a rate of 25 pounds per
-37- : éXAMI_’LE 4 (PET:Ecdel, 151, Mirror) .

A coextruded film containing 151 layers was made on a sequential

® =~

flat-film-making line via a coextrusion process. A Polyethylene terephthalate
20 (PET) with an Intrinsic Viscosity of 0.6 dl/g (60 wt phenol/40 wt. %
dichlorobenzene) was delivered by one extruder at a rate of 75 pounds per hour
and Ecdel 9966 (a thermoplastic elastomer available from Eastman Chemical)
wasdehvered by another extruder at a rate of 65 pounds per hour. The PET was
on-the skin layers. The feedblock method was used to generate 151 layers. The
25  web was length oriented to a draw.ratio of about 3.5 with the web temperature at
about 210°F. The film was subsequently'prehmted to about 215°F in about 12
- seconds and drawn in the transverse direction to a draw ratio of about 4.0 at a
rate of about 25% per second. The film was then relaxed about 5% of its
maximum width in a heat-set oven set at 400°F in about 6 seconds. The finished

30 film thickness was about 0.6 mil.

-35-



WO 96/ 19347 _ o
PCT/ US95/ ware519347 hour. The PEN was on the skin | ayer speurgsobfisésésof t he

PEN was present in the two skin layers. The feedbl ock nmethod was used
to generate 57 |ayers which was passed through three multipliers

produci ng an extru of 449 | gy The L, gast b.wag, 10 m|s thick
and 12 inches wi decﬁl'f s‘ﬂ’/gsaftglse?l"hfﬁ shown ﬁny]glggre %r%?ﬂa&"“ﬂ%ﬂ’ﬁ§°&

| aboratory st gt gipo W\ligz@ at faasoviﬁglea(cmsprﬁpﬁrﬁﬁr%é Rafbe at normafiiar €
section of filmand stretc I n one direction whi It 1s constralned in
t he ot hincidence (curvé ay mth atweavelengtivishiftm Atthe same extrasion\eondiagate i nt o

Seconds. St r cMERiSREPY WRhSOHRSRMBIo fhake an infiage ieing, Bm with o thighness
di mensi onsy UG abolt!'6 sSR! OTHE trafikhiRkibR S sgawgm%ﬁl% @R d at'n%%iate'y

after the str ng the sa was co0o0 gro

t enperat ure ai:rcldehcetcurvebatGOdegrees)Fl gure 27 shows 't he transm ssion of
this multilayer film Curve a shows transm ssion of |ight polarized
in the non-stretch direction at nornal incidence, curve b shows
transm ssi on gk gk X rr] incidence, and curve c 15
shows transm SSTO f ) he stretch difection at nornal

i nci dence. Natmmdwﬁunfvoﬂﬁmﬁ@mmliwpwwinddbwe:&ﬁidiﬂ #fedeas t he
non-stretch di rectlon at bot'h normal and 60 incidénce. ver age
transni sstbhn web in @ne ®peratipn and later onigutingntherfilm in aiam?atomﬂlm-mmhage

t f 00-70 97. 1, %,
i gher for - BBREE oA POWEy{ERS saphioalRts, BEN) LR anslttionic VSrospne!
interface haspg dife\60 Wit. 29 9pHRnbF0 v@p[%raﬂcmo?&eh%e r@&sgsf\%% g ?&?I Jed ‘

I nci dence is nearly 100% Al'so note the high extinction o

in the sextBidenad aliratecof d§ poundseperi hourl end dicgel 0266 - (d0thenoplastion by
curve ¢, where the era trans 0% . The %RIVB coI or for -
curve ais 1. %to“l’ﬁ’ea%ﬂagi/ f’?&&ﬁ%ﬁ?ab& élh Byognother extruderxA\PLE

8 (PEN: Cof$EN. 5164 JrateHbf) 1 7Chnitds L}S&raﬁdbyer)l'he P N wa?]eon ﬁlecgﬁﬁt fagglgd e

contai ning 601 |ayers was" produc extru two days
| at er ori ent i fegdbloek methodomsaus&dftbgencratetﬂllagerst\hlanhm alsieﬂcthrdilgh two al |

L) B el R S, B s e
g‘é‘_l_} \6252?16555‘1 12 inches wide. The web was later biaxially onented3§smg a labxgtdgt'?/ 19347
stretching device that uses a pantograph to grip a square- section of film and
20  simultaneously stretch it in both directions at a uniform rate. A 7.46 cm square
of web was loaded into the stretcher at about 100°C and heated to 130°C in 60
seconds.  Stretching then commenced at 100%/sec (based on original
dimensions) until the sample was stretched to about 3.5x3.5. Immediately after
the stretching the sample was cooled by blowing room temperature air on it.
25 Figure 25 shows the optical response of this multilayer film (curve a at
normal incidence, curve b at 60 degrees). Note that the % transmission for
p-polarized light at a 60° angle is similar to what it is at normal incidence (with
some wavelength s_hift)‘. |
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by one extruder at a rate of 75 pounds per hour and a CoPEN (70 nol % 2,6
NDC and 30wondeieBivT) wth an V. of- 0.55 d1/g (60 wt. % phenard¢risosfi65530
. dichl orobenzene) .was delivered by another extruder .at a rate of 65 pounds
~ per hour The PEN was on the skin layers. The feedbl ock nethod was
used to 5 aVes. ¢ as passed through two nultipliers
produci ng an ==& S mmers SOt ayers®U. S, Patent 3, 565, 985
describes simlar cqe 3 I I t I S ne
in the tenter. The fi I*Eé&’;?“e Sopiifihy W9 1hf¥es wad miads ELEEI i HESrgP

seconds and drwehmmnblnpetahansmdrlaterdnewﬁﬂgtheﬁmmdrlabmratory film- sidetohiripf
about 4.4 at a rate of abgut 6% per second. The filmwas then relaxed 10

about 2% of i t 3PRAERBISuNAWPRYEthyleng naph - (BN with an; ImBD{lérV]SFOSItYth

f|n|shed f. I ssi on of
the filmi 55 Sh(C))VSVI? | r# Eagur e%?ﬂg@}#ﬁ@ L}ﬁ]dlchlorobenze{ler)avr;{&%gfyegﬁf?y ene ght
pol arized in tganijeRasi ke of 56ipoaads per hour awd THIV 500 (fasepoly mer availdble? b
shows transm ssion of p-polarized light at 60 i nci dence and“curve ¢ 15

shows transmi sfroanMinnespighMining and Manufactyning SOW wias delivered by anothera

bot h o el _anfiBe aFa i, oyt Bl bOME ¢ o St et B, 2

over 400-700 nsagoffie ?Ei‘lwasgresent"fﬂ'th@t&@%kﬁ"lﬁ?&ge THe¥e8461 ﬂIoﬁrw&UfVG

b over 400- 700 nm s 68 average transm ssion for curve c is
9.1% The D@ RvBseddbgenérate ST layersavhich 3@s passed throughl three rialfpliers praducingr

curve b is 11. 2% MPLE PET PEN., 44 Pol a

A coextr uded 1 BSR4 RYERS- | TheLGaSt WES YRR il ek B0 1 ibehes avide.

web in one opefgd F%hﬂ? ‘f&‘?{ o
filmstretching 2?’% gg%gftg‘i E{gxﬁ%&ﬁ%ﬁ 'ﬁéﬁhhﬁﬁ% erephth ﬁ%gg?ﬁ)ce th?th an
| ntrinsic Viscuses aypanfograph to g@zpﬁd)sqiiategse(cﬁﬁnuf filkoandsimuliaizously sfretch it in

di chl or obenzeng) vvas dellvered by one extruder _at a rate of 26 pounds

per hour and aDQHBOEIRCYONS 3+ YRIOr ez Arfed6 cm square obweb vas) logdedrintmthe

t 3 é,
LllncH g?éﬁe#zén% de ‘\‘E/te%(gg @ﬁdarl{g/ﬁtﬁéj?@ 4@ @&ﬁﬁ%&&?‘?ﬁt ésu&t‘:hﬂg Mﬂnds
per 30  hour.cohireried aa30%/set basedi 6n |orgtrias - dﬁﬂéﬁszéﬁzgdﬂtﬂcdﬁenﬁiﬂiﬂ?éj WS
used to 9 WD 96/ 19347

PCT/ US95116555stretched to ghoyt323x%3.57 Immedistelyhiafinr thes siretching ther samplle wasee

5. 565, 985 desPOMROEPRNing room Bildebfifaura €0 T Evers: DS Faten

Figure 26 shows the transmission of this multilayer film. Again, curve a

20  shows the response at normal incidence, while curve b shows the response at 60
degrees. ' '

7 : — T

A coextruded ﬁlm' containing 449 layers was made by extruding the cast

25  web in one operation and later orienting the film in a laboratory film-stretching

apparatus, A Polyethylene naphthalate (PEN) with an Intrinsic Viscosity of

0.56 di/g (60 wt. % phenol/40 wt. % dichlorobenzene) was delivered by one
extruder at a rate of 43 pounds per hour aﬁd a CoPEN (70 mol% 2,6 NDC and

30 mol% DMT) with an intrinsic viscosity of 0.52 (60 wt. % phenol/d0 wt. %

30 dichlorobenzene) was delivered by another extruder at a rate of 25 pounds per
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multipliers. The cast web was 7.5 mls thick and 12 inches wi de. The web
was WOR68934Tni axi al |y oriented using a | aboratory str RCHPSAI6Si ce
that uses a 5 '~ pantograph to grip a square section of filmand stretch it
in one direction while it is constrained in the other at a uniform

rate. A 7.46 @BusarR PENf wiebn WS skin layerd @ddla0% 6f thel PENSWAEpFEt itthabout
100C and heated to 120[err]C in 60 seconds. : Stretching then conmenced

at 109 sec (béwedkimlayeisgi Khe fesdbtacki methpd uwasi usedrio generate S3niayers\which
tretched t bout 5..0xl . di_at.el fter th tretchi ] e- 10

et ohe 0 ot U R e o hbiour bl 2P S

thickness — cagtWadh 32940 milé itk and hﬁ%némés%ﬁg? Fhé Web! WS 1A6"GRLRNY ©

survive the orrentation » process wt el’am nati on.
Fi gure 29 Sho'oniented usirpnariaboratony atretching devide tiay ayses’ al pantdgraple ta geipoas
transm ssion of light, polarized in the non-stretch direction at nornal

i nci gence, 15 Squase Jection Of dilm and stestehsis in Ang dirpetion while it ds PPW igghe )
16 DG, SR i AR e B oy I e

transni ssi on gbowt-100PE andidated 361402C 106D secunds Stretciiifl then comiriércedace.
The average transm ssion for curve a over 400-700 nmis 88.0% and

the average td@fdsacsbased anoerigigal dimensions) urdil-the samplei wasostretchediocaboutr age

curve a0 3 ok i BRiNBLCaRe e ARORE i hal FhoB oy BEVRE Rl 10"

(PEN: COPEN. 6 tblnpelPithfty diF af it. . A coextruded filmcontaining 601
| ayers was nade on_a se%uent fal flat-filmnaking line via a {
coext rusi on procesFigura2Pshows the cansmission ofithis multdayerdilng. Gurve aushows

intrinsic viscosity.of Q.54 dil 0 % Phen lus 40 wt % . .,

di chl or obenzeﬁéﬂsrﬂé%‘oﬂggil\&m 38(389&@}{1 g{&?‘t}‘a treich d a-‘o‘i'orﬂiﬁﬂ%ﬂ%eper

hour andeiig o Qhdws ‘ﬂ@ﬁsrﬁ?ii?ﬁ’%f 7Ol atc80 i _eﬁé‘% @'ﬁi BavRdS Pper
6 napht hal ene

hour. The COPEN was a copol yner of 70 noTe % 2,
di car boxylst eshowshtyansmissioneoft light polarived imthelsydetchsdipeetiom htinermal dncidérce.

Saa 1Y ey M ooy oSl o Al in HE b SRR el
- 40- WO g&ﬁl%ﬁﬂal and 60° incidence. Average transmission for >

PCT/ US95/ 1655 “was %)esi gneéI to proéﬁ%e a graall ent’ dicgﬁei l?utoivgrn of

| ayers wi th a40k:70@nmois 87.1%, whilecdverage trensiminsionpfor caivel tapeers4@0-700 A f or

t he PEN and 1, for the coPEN.., Th PEN skin layers, were coextruded
on the outsid#® _~1%heTWﬁ“&§l°ns‘§£b§‘%f?%P‘ : light aty&{ hincidsnee; bepausey, of

| tsggugg'? :(; dj(rjrﬁﬁlte!ag?ll?gﬁsi.n e E%Emﬁﬁ%ﬁgn%fﬁ %t? ?‘ce?{] -Fgﬁfpérd;@go%nﬁﬁ%ﬁn%ﬁ) ?qopl lers '

incidence is nearly 100%. Also note the high extinction of light polarized in the

stretched direction in the visible range (400-700nm) shown by curve ¢, where the
average transmission is 21.0%. The % RMS color for curve a is 1.5%. The %
RMS color for curve b is 1.4%.

=X AMPLE 8 (PEN:CoPEN, 601--High Color Polarizer) -

A coextruded film containing 601 layers was produced by extruding the

web and two days later orienting the film on a different tenter than described in
all the other exaniples. A Polyethylene Naphthalate: (PEN) with an Intrinsic
30 Viscosity of 0.5 di/g (60 wt. % phenol/40 wt. % dichlorobenzene) was delivered
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were 1.2 and 1.27, respectively. The filmwas subsequehtly preheated to

310F iWio 8819347 40 seconds and drawn in the transverse di PETABISMNGESS a
~draw ratio of about 5.0.at a rate of 6% per second. The finished film
- thickness was about 2 mls. Figure 30 shows the transm ssion

for this multilayer fill rye a.sh 10 _transm ssion af | []759 ol arj zed
in the non-stret ct?y gne &%& a;/(ta s HE}ABI mngérﬁ%, our am? acﬁf’ethg &RLQ é’%
transm ssion of nypEl #id 36 tdl ZODMTY with dn"IV 20055 dIP (605 WtV % Phenol/40 WE1 095
transm ssion of light polarized inthe stretch direction at normnal

i nci.dence. dichlerobenzene) yab idgliveredibynanngliasrextruder atoa aate 26063 pgimdsaper
both normal and 0 lnctdence (,80-,10Q% . Al,s0 note the very high
extinction of Ii gfﬂ"r'pom? ipﬁ\h Wat e’l@“ng??’%?'chﬁbe g‘?‘*f‘ﬁ@ﬁ?dﬂeﬁﬁ?ﬂt‘n’f’é useditg| ¢
range (400-70@n [ ' | en
500 and 6Sonn . ERERLE 1Y B yFich, wps. padstd RO wic” olGpiets JbdAchAE 4"
481 layer nultil asxerudétel ofi 6@is layerke f7.ScPatent!|3;565)98% nlesoribel tsimilat oexPrusion

(PEN) with an intrinsic viscosity of 0.56 dl/g neasured in_60 w. % phenol
and 40 wt  omultiphiersy oéﬂr%trér%ma@ea lﬂﬂb‘h‘@é"é‘t méRe dlmnwas peeheated do

i gt =200, 000 2boBP 28R 3G 20 R0l BRE AR in HF plplye N iR AR B

on the outer |ayepfiodf@bout 4.4 a0ASTaf¥bf Attt 6% pedsdeond d TheeRln Wdé tieiCreldied
sPS at 23 pounds per hour. The 25 feedbl ock used produced 61 | ayers wth

each of the 4@ baboyt 2Fpebits maximymtwigdth in a hegtisat avem seinats460°K; t The tfinished
f eedbl ock three X | tipli re used. Equal . thickness skin

| ayers contai ni néﬁ’{%@ﬁ‘&ﬁ% ‘t%ﬁ?é‘\éft o the feedbl ock were added after
the final nultiplier afhedrrhfdnfissibict @k Akn A9 WAEWN PR Filivé -28Theu%bavg.gws

extruded through a 12" wide die to a thickness .or about™ 0.011 i1 nches
(0.276 mm). The dransmission afdight polarized in $h@ a0h-strefcll direction at normal incidence,
-41- WD 96/ 19347 . . . .y ..

PCT/ US95/ 16555 ~ curve b shows transmission, of, p-polarized, light at 6Qnincidence,and cusyesc

¢ : q o N g ; ;
br eheat ed t & o ods fansmission UE e Mictaedih T Sfesa fRecidf of horankidefpe! o
drawn in the trandNote the sbnuaiform rtransmissidnaof p-polacized lightoatt both normabard 60° a

rate of about 28% per second. No rel axation was allowed in the 5
stretched direct ilesidencenThe Jverage transmission diop cutve 30ver 801708 o 1ig 84atHes

(0.046 M) . while the averdBd' fanthissitihor! Mve Y bv& 4BETOF IR IE 88T % ! ke

PEN: sPS refl ective _
average transmission for curve ¢ 'is 9.1%. The % RMS color for curve a is

20 . 1.4%, and the % RMS color for curve b is 11.2%.

EXAMPLE 9 (PET:CoPEN, 449, Polarizer) - |
A coextruded film containing 449 layers was made by extruding the cast
web: in one operation and later orienting the film in a laboratory film-stretching
25 apparatus. A Polyethylene Terephthalate (PET) with an Intrinsic Viscosity of
~ 0.60 di/g (60 wt. % phenol/40 wt. % dichlorobenzene) was delivered by one
extruder at a rate of 26 pounds per hour and a CoPEN (70 mol% 2,6 NDC and
30 mol% DMT) with an intrinsic viscosity of 0.53 (60 wt. % phenolMO wt. %
. dichlorobenzene) was delivered by another extruder at a rate of 24 pounds per
30 hour. The PET was on the skin layers. The feedblock method was used to
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pol ari zer containing 481 | ayers. Curve a shows transm ssion of |ight

pol ari zedVPA6/19347  t he non-stretch direction at normal i ncPOEMSES/168%F ve b
shows transm ssion of 10 p-polarized light at 60 incidence, and curve c
shows transm ssion of |ight pol ari zed in the stretch direction at

normal incid t T - : | SS5AQ13: = l.zed

| i ght at bot %Qﬁ%raﬁawé%cﬁr ggﬁaﬁ?‘? angﬁ]é%@ugégpgég‘em&w% lpg%%k@%n for

curve a over exfiidaté® ®f M#9i lny&iS. 2U.S1 Patenv 8;565985 describes isimildrocoextrusion cur ve

b over 400-700 nmis 79.7% Al so note the very high extinction of light 15

pol ari zed i nmMuyldpliers.c Thecastavebwas §r5 malsthigk and ;13 1iaches wide( /he welowap shown

b . j | ion of. 1. 6% f
et ween 400 Yet unififaily, HEhRa. A8nR &) BESrhEA" MR dBlich Bt pes 11T ©
t he 9% RVB5 colpahtoffiph to grip squife section dBfiliftand sttch iEX ¥l dirdotioh R¥rileHe de! -

601. Mrror) . A coextruded filmcontaining 601 |ayers was nade
on a sequent isaconstrainedfingtherothen ataj uniformneate A 2.4600mt squareonf yebcwas. A

2l 500 o e s Shcieher ot aboe HOgHc, she a1 330G, o BF Bbobdy Co (o
freedbl ock at Spreiching fibn ComARHDSD aP 0% /R (bied onoeMgiRAncHEoAs) el h

t hernopl astic el astoner avail abl e from Eastman em cal ) was delivered
at a rate of seoplepeasrstretched thabout 530xd . Himmediatelyrafterdhe stretching thessample  The
f eedbl ock met hod used to generate 151 |ayers which.. was_passed through
t wo nultli?)l i é‘Pé"BPV\@aLPd'i wiflg thom eapesatyre s e 1%y§9§.£@ﬂ&n@fm tekNess had a
nom nal mul t LRkiagadt t i Ppefmid, ; | @Ckvi : . skin
30 layers a’k)&g totta 'at rbugﬁglﬁlho%dz%ﬁggﬁhgg&%g@h%m V\%?gﬂ%‘égégdm u&y\o (
symmet ri cal | process with no delamination. e - -42- WO

96/ 19347 . ' - . -

PCT/ US95/ 16555  Figure 2§ shows the; iransmission,of this,multilayes film o Cyrve a shews ki n

| ayers were oTe’ : 'ﬁfﬁeﬁ %@&1 : : uder
suppl yi ng thEei'Q I§§§" pﬁﬁ@mﬁﬁﬂxe‘%ﬁ e l{/\g :m@?@ﬁwgﬁ?eﬁéﬁ to a
draw ratl® oturmedshavs3transnlisdiore ofigipolarized lightpatr 60°uintidencé,oand cae d err] F.
The fil mwas subsequent|ly pr.eheated, to, ahout 205 F in about 35 seconds

5
and drawn i nShOws trang Light pelarized inythe stretcly dirgction at normaldncidenge. 3. 3 at

i _
5t mum Nl e ey e damisfor of B 385ided Betica S SHRA gng 00 770
t hi ckness wamciiets. Thé avefagdEhrismission for curve a over¥DOETO0 MO BBLR, alie

opti cal performance as shown in Figure 32. -
' the average transmission for curve b over 400-700 nm is 91.2%. The average

20 transmission for curve ¢ over 400-700 nm is 27.9%. The % RMS color. for
curve a is 1.4%, and the % RMS color for curve b is 4.8%.

A coextruded film containing 601 layers was made on a seque;nt_ial
flat-film-making line via a coextrusion process. A Polyethylene naphthalate
25 (PEN) with an intrinsic vxscosxty of 0.54 di/g (60 wt % ‘Phenol plus 40 wt %
dichiorobenzene) wa# delivered by on extruder at a rate of 75 pounds per hour
and the coPEN was :,deliv._e.red by another extruder at 65-pounds per hour. The
coPEN was a copolymer of 70 mole % 2,6 naphthalene dicarboxylate methyl
ester, 15 % dimethyl isophthalate and 15% dimethyl terephthalate with ethylene
30 glycol. The feedblock method was used to generate 151 layers. The feedblock
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10 Transmission is plotted as curve a and reflectivity is plotted as curve
b. The WO 2%93us reflectivity for curve b is 91.5% PCT/USOSASRRSE 13
(PEN: CoPEN. 601. Antireflected Pol ari zer) A coextruded film

contai ning 601 |ayers was made on a sequential 15 flat-filmmnmaking line via

a coextrusion p. %F n t t

intrinsic viscosity o %’ EQ %ﬁl% ‘goﬁrda?é.%b cgidr?gf'&q uf lz%éPE&%}h\Nh Ruidfl of

di chl or obenzeneﬂuchessct!ﬂ the eptichl. ﬂayemofekﬂﬁ lfdemed?EMandﬂdZZJforlﬁe PoPENS Tiey
hour and the coPEN was delivered by another q?xtruder at 65 &ounds per

hour. The PENrskin jayersawerseaeyiridedon the oniside of shesoptigah stagk avi

ol yaor e’ f ectiskiess ok %00 e colfhaeTReRe TAE B ek Syl mlufphd 512,
skin |ayers merwwsa%abﬁﬁmeﬂu RiplieRse The noﬁﬁﬁandelt@hcadm fitiol 6BtheSinaRipliéts h a
total thickness of 8% of the coextruded gers The feedbl ock was

~ designed to nakwere 1.2randrl.37.cxespastively. | Im wag isnsequently preherted to 31Q°
PG vidual T ayeln st sond §id aR%E IR R wERNes diethor B dtaBi e Tf{}ﬁPé%qess
| ayers of 56%&%8&%%?%&3& TN Tinishied ﬁlﬁacﬁiakaads gégmbshf@ Is, d. was

det er m ned by the formula d do do*0. 003*n, wher 0|st m ni mum
pair thi ckness and FlgureBOShoWMemmnsmnmhéor this maeltilayer film. 76urv5fuashqvm cal

stack was i ed sequential nulti pI iers. The no
mul ti pl i cath ‘gﬂl sg%/n Pﬁggm%ﬁ%e\"s -siggich’ direction pt pogrpafn mc1dence,

ezpect Ve Tl OGP e gy 3O eRebe, ol curve .

direction to a showw trankinissioh ofuxgutpolmediﬁtﬁeatremhmbamfaﬁ%rmimw
The finished filmthickness was abgut 2 mls silical sol gel

coati ng -was theﬂo@p@ﬁl mtlagh)mmoewﬁ aﬂ%meédigmgat bOth nesmal aad 607 | m

pi cces of t e ARFREMCHOPIOpiRY: AIRFAE Tk I3, PR PRHEBh 1 fichs Btarizht iy 7,

were | am ngsed mmedhd@édm 7] tthe t\HﬁbI%Rring%t (4005760nn)h ghewik Shyl urve c.
Transm ssi on spectra of oI ari zed |Iggml n the crossed and parall el

di recti ons wer eExtinction dginearly . OO%betwnipﬁ 650nm. rinsed with a 2%
sol ution of anmoni um bifluoride (NH4 HF2) in deonized water to renove
the AR coating. Spectra of the bare 10 nultilayer were then taken for

conparison to t%p . 1. Polarizer) Fi gure 33 shows the spectra of
t he coated and uncoated polari zer. rves
A 481 layer multilayer film was made from a polyethylene naphthalate

20 (PEN) with an intrinsic viscosity of 0.56 di/g measured in 60 wt. % phenol and
40 wt % dichlorobenzene purchased from Eastman Chemicals and a syndiotactic
polystyrene (sPS) homopolymer (weight average molecular weight = 200,000

. Daltons, sampled from Dow Corporation). The PEN was on the outer layers and
was extruded at 26 pounds per hour and the sPS at 23 pounds per hour. The
25 feedblock used produced 61 layers with each of the 61 being approximately the
same thickness. After the feedblock three (2x) multipliers were used. Equal
thickness skin layers containing the same PEN fed to the feedblock were added
after the final multiplier at a total rate of 22 pounds per hour. The web was
extruded through a 12" wide die to a thickness or about 0.011 inches

30 (0.276 mm).. The extrusion temperature was 290°C. '
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a and b w(g) M transm ssion and extinction, respectively, of the AR

coat ed 24/B¥#%cting pol arizer, and curves ¢ and d show PEBUSSIGSH ssi on
and extinction, respectively, of the uncoated reflecting polarizer.
Note that the extinction 15 spectrumis essentially unchanged, but that

t he transm ssion VPhigeweh Ovas BOr&R at ambféﬁ@ I r I 0%

hi gher. Peak gain was 9.9% at 565 nm whi l %ﬂdﬂgt‘éemg\%?gg%ygaﬁs %’m 425
to 700 nm wasiniaxislly exiented onadentes a‘hecfﬂmtms preheated tocabmue 820%F {160°T) Was

97.0% at 675 .n sm SSi.o for curve a, over 400- 700 nm was
95. 33% and %%@ﬁéﬂ%‘iﬁ%@‘% mversss'wmwmaggofahﬂu i
5.42% @%m Po I _ , _

coext ruded fﬁ m cont al n| ng 15? gcrs was rfa (l)'%lg%ghsogq‘t’fgﬂtaiugwed m the

flat-fil mSnalstregrhed ndirectiona cnwtﬁmsheanﬁnnommmssAm@Iwuhyd) 00£8 mches
t er epht hal ate 25 (PET) with an Intrinsic \/scosMy of 0.6 dl/g (60 wt. %
phenol /40 wt . (0446 mm) g ch- or obenzene) was delivered to a feedbl ock .by one

trud t t 7 el

Ther mopl act i o el aduBis: Shyhorspi" FPAF peiiinall of R PFREMS deentive: ver e
to the feedblpotdtizey containiig 481kayerdeC $tran Lﬁ&fiﬂ%ﬁ in"
Tge PET \i/gs on the skin |ayers. yTh'g P?eedﬁlslg??( netsfr%ssﬁ%noﬁphglgs use '[o oHr
generate 151 theypepstrgiehcdirgssion cat normal gncidereemenrvepbi shows( @asmission of
-44- .
PCT/ U89511965§§‘%a§% light, at, 607 rchxgﬁmlethﬁ't“geo? %BYSI%FE“‘% of Jightt r eam
with a througbRized inShe stretch mw@&n R€ndrREl iNGdercBK e té ik t&%ﬁﬁg

e | ast i pli er(

extruder and used to add two skin |'ayers between t
and t he di e. transmissionvefsp-polagized dight at «bdtlt nomlal and 601 ancidenceo Averapeut 5.

with the web tenper.atuyre at about 2 ﬁfllmwas 5 not
tentered. Th&Faps§s s?ﬂg rf?‘t’ﬁ??t‘ﬁ"ﬁ‘kﬁéé ’é the gyerage transmission for

Figure 34 sh t SO0STOF f Q,grg . _

transm ssi one%\ﬁ’elq]gﬁétrr pol al‘ll;ﬁelggl n the é%%?e'tdé%}hg I re %’né%Pé%?ME b

shows tht5 polarized:irs thes streschedf diréction ipcthevisilsie rangeh (400<200nir) sho@nSby et ch
transm ssion, f.rom 700 nmfor curve a is

direction. The ave;ﬁﬁ{ 4%

39.16% 10 Survece ijm has appxerage-ERnsmisgon pf 14% f6F cyrve c between 400 A
coextruded f [ R ﬂf"df

web in one o%%ﬂ??g%ﬁa%é]%a#ggs %@?ﬁ\?l ng t 2%1“?@3%{? %orag%f’g??%r
fil mstretchcuryebis 18 2%.

_4-9

20 EXAMPLE 12 (PET:Ecdel. 601, Mirror) . .

A coé.xtruded film containing 601 layers was made on a sequential
flat-film-making line via a coextrusion process. A: Polyethylene terephthalate
(PET) with an Intrinsic Viscosity: of 0.6 dl/g (60 wt. % phenol/40 wt %
dlchlorobenzene) was delivered to the feedblock at a rate of 75 pounds per hour

25 and Ecdel 9967 (a thermoplastic elastomer available from' Eastman Chemical)
was delivered at a rate of 60 pounds per hour. The PET was on the skin layers.
The feedblock method was used to generate 151 layers which was passed through
two multipliers producing an extrudate of 601 layers. The: multipliers had. a
nominal multiplication ratio of 1.2 (next to feedblock) and 1.27. Two skin

30 layas' at a total throughput of 24 potmds per hour were added symmetrically
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apparatus. A polyethyl ene naphthalate (PEN) with an Intrinsic Viscosity of

15 0.53 dWQ%/B34Im . % phenol /40 wt. % di chl or obenzene) wasPEHUSSH6ES by |
one. extruder at a rate of 26.7 pounds per hour to the feedblock and a
di fferent material was delivered by second extruder at a rate of 25

pounds per hour h

f eedbl ock net h%wv%éqﬁ%éaé‘ {nglt{p?gg%(ggﬁe?%‘t ?@E}%‘«\@F&% k‘%*?%pﬂogégasqﬁ'gugh
three nul tipli ahé wsredxerude by the samel ekaudét supislﬁr@tﬂeaPETSto theefeedtsibckieb
was 0.0075 mls thick and 12 inches wi de. The web was | ater uniaxially

oriented usi ngThel EIBbr‘ﬁ%S)rl%ngﬂt josienigdnty @cdiave mmmmfmta 3.3 Wltba’ﬂ‘iﬁoycbph
to grip a square section ch_ it one e at .a

uni ?orfn ratg wiFRerpture at Bﬂ #@lﬁned ﬁ\e ?‘h@ 3’?’5 seﬂuen 6959%: épea%“tmeb
was | ogdegqi s febﬁxglﬁr t

140[err] C f%r 2 Si;g%%gsuﬁézsg trae‘tac rlﬁﬁgq{]ﬁ%én) corr?r}esgeﬁgg%??%d sec l.i“ll)ased

on original di gfabowt)} atatrate dftabout 9% mrspbmdwa'fhe:ﬁimtwésaﬂeﬁ pelakwi dboat Sx| .
| medi ately after stretching, the sarrg was cool ed b* bl owi ng room
tenperature ai % ofiits maximum width ina, Beatrist, overy setiat 490CEnd Thg find

vari ed by blen foll ow ng pol y(ethyl ene esters)
three materi al %%@gg)‘%@&fo(%?%wseo 2, 6- napt hal ene di car boxyl ate and
325mol % t\e/\;) egg; Qgg%ﬁ)ﬁmtﬂ}oﬁﬂed rthé igptical performance as shown in Figure 32.

PCT/ US95/ 18655 Transmission/issploied ps surve. 3 and gefleativity, istnloiged a9 curve bo The

di chl or obenzen material as input to first
extruder; (iii ;‘Lgmé )erltﬁ:?‘h‘g%}?lr ch"P%Esggns?éswsi ty of 0.95 (60 wt. %
phenol /40 wt. % di chl or obenzene). TTF 9506 purchased from - Shell. 5
For the film shown |n Fi gure 35A t he |nput to the second extruder was .

80-wt % of t heEX/AY ek} | m shown i n

Figure 35B the |nput o the e nd extrder of t he CoPEN an
20 %0l the FET Af&Pemgleﬁ film eRnfaining ﬁ@ﬁﬁa&z@res\est ade g0 2 %60

' tsﬁgo'?(rjansm SSi on gﬁﬁt%%% mFEﬁ%aa;;gtr)exnusmn Pr%fs m’gréa?ahig % @ﬁﬁtbﬁﬁ% show

transmi ssion otpmmmmi fnttinsid viseosifye of O54s dl/g (60 wt % Phdiolqmis 20 wtt %
normal incidence, curve b shows _transm ssion of p-polarized |i

pol ari zed in t Hichlospbengens) wasdelivered by an sxtruder; 343 mue oF 7539(!!1“8&@9@ heurs hows

transm ssion o e L& c
i nci dence. %"‘ﬂ’@w %{%Z‘%g%' ng'rae“zotﬁls)eg‘se oﬁé{% éﬂ BB?MS@&I’IST‘%% ve
to the chem cabomm)m hicepolymer of 70 nivle 1% Y56 naphthaleh® a1icbOxylate hetgE" -
The average transm ssion for curve ¢ in
20 ester, 30% dimethyl terephthalate with ethylene glycol. The feedblock method
was used to generate 151 layers. The PEN skin layers were coextruded on the
outside of the optical stack with a total thickness of 8% of the coextruded layers.
The feedblock was designed to make a linear gradient in layer thickness for a 149

- layer optical stack with the thinnest layers on one side of the stack. The

25  individual layer thicknesses were designed in pairs to make equal thickness layers
of the PEN and coPEN for each pair. Each pair thickness, d, was determined by
the formula d = do + do*0.003*n, where do is the minimum pair thickness, and
n is the pair number between 1 and 75. The optical stack was muitiplied by two

- sequential multipliers. The nominal multiplication ratio of the multipliers were

30 1.2 and 1.27, respectively. The film was subsequently preheated to 320°F in
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Figure 35A is 43.89% the average transm ssion for curve c in Figure 35Bis
21. 52% arNowb9dVer age transm ssion for curve ¢ in Figure PST/USSS/1685318%
Thus, extinction is increased fromFigure 35A to Figure 35C. 20

For the exanples using the 57 | ayer feedblock, all |ayers were designed

|t rodutes. devioRet 30sbotnds A58 Brpt 4y M. RaiEe kbbb K rhi3e0Y o o™
resulting in %Oataﬁﬁ'dﬂ&% bepﬁébﬂmdmatﬂmbdmmmss@rabwms made
with the 151 | ayer f eedbl ock, the feedblock is designed to create a

di stribution of | ayhrsiki¢al soh gek ceating was thesvapplied goraneosidefof t the reflectinge
spectrum Asy tric | t then used to broade
di stribution %lﬁﬂ?“h tﬁ‘hk@%é’ﬁ rOfﬁB’S?tcoﬁtlmﬁ Was Fprrogima lty f.3s.
spectrum a Z,);&gs ﬁﬁm verd
Al t hough t§e pr esent |R€g{nét?§n as bee escrl bed wth-re e?lgtnacng tthg two
pref erred enbowéredarhinatedhtosacio bthek mith the AR eoatings onl the oatsideni Transinission
changes MY ectra of polarized light in the crossed and parallel directions wre obtzined,
PCT/ USOS/ 16555rme sampte Yas TREHP rined QA0 £0% Stk o abfbinl WALSSS ola™ t e
spirit and scop€ © I'nvent

HF2) in deonized water to remove the AR coaung - Spectra of the bare

10  multilayer were then taken for comparison to the coated sample.
Figure 33 shows the spectra of the coated and_i_mcoa‘ted polarizer. Curves

a and b show the transmission and extinction, respe_ctively, of the AR coated
reflecting polarizer, and curves ¢ and d show the transmission and extinction,
respectively, of the uncoated  reflecting polarizer. Note that the extinction

15  spectrum is essentially unchanged, but that the transmission. values for the AR
coated polarizer are almost 10% higher. . Peak gain was 9.9% at 565 nm, while
the average gain from 425 to- 700 nm was 9.1%. Peak transmission of the AR
coated polarizer was 97. 0% at 675 nm. Average transmissions for curve a over
400-700 nm was 95.33%, and average transmission for curve d over 400-700 nm .

20 was$5.42%.

‘A coextruded film containing 601 layers was made on a sequential
flat-film-making line via a coextrusion process. A polyethylene terephthalate

25 (PET) with an Intrinsic Viscosity of 0.6 dl/g (60 wt. % phenol/40 wt. %
dichlorobenzene) was delivered to a feedblock by one e:étruder at a rate of 75
pounds per hour and Ecdel 9967 (a thermoplastic elastomer available from
Eastman Chemical) was delivered to the feedblock by another extruder at a rate

of 60 pounds per hour. The PET was on the skin layers.. The feedblock method -

30 was used to generate 151 layers which passed through- two multipliers (2x)

-
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producing an extfudéte of 601 layers. A side strmm with a throughput of 50
‘pounds per hour was taken from the PET extruder and used to add two skin
layers between the last multiplier and the die. The web was length oriented to a
draw ratio of about 5.0 with the web temperature at about 210°F. The film was

5 not tentered. The finished film thickness was about 2.7 mil.

Figure 34 shows the transmission for this film. Curve a shows the
transmission of light polarized in the stretch direction, while curve b shows the.
transmission of light polarized orthogonal to the stretch direction. The average
transmission from 400-700 nm for curve a is 39.16%.

10
44 larjzer

A coextruded film containing 449 layers was made by extruding the cast
web in one operation and later orienting the film in a laboratory film-stretching
apparatus. A polyethylene naphthalate (PEN) with an Intrinsic Viscosity of

15 - 0.53 di/g (60 wt. % phenol/40 wt. % dichlorobenzene) was delivered by one
extruder at a rate of 26.7 pounds per hour to the feedblock and a different
material was delivered by second extruder at a rate of 25 pounds per hour to the
feedblock. The PEN was the skin layers. The feedblock method was used to
generate 57 layers which passed through three multipliers producing an extrudate

20  of 449 layers. The cast web was 0.0075 mils thick and 12 inches wide. The
web was later uniaxially oriented using a laboratory stretching device that uses a
pantograph to grip-a square section of film and stretch it in one direction at a
uniform rate while it is constrained in the other. A 7.46 cm square of web was
loaded into the stretcher at about 100°C and heated to 140°C for 60 seconds.

25  Stretching then commenced at 10%/sec (based on original dimensions) until the
sample was stretched to about 5.5x1. Immediately after stretching, the sample
was cooled by blowing room temp&ature air at it.

The input to the second extruder was varied by blending pellets of the
following poly(ethylene esters) three materials: (i) a CoPEN (70 mol%

30 2,6-napthalene dicarboxylate and 30 mol% terephthalate) with an intrinsic
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(A) layers of a crystalline naphthal ene di carboxylic acid pol yester, 5

W th a powo s34t ress optical coefficient, having an aver apEI/U$esaksssss of
not nore than 0.5 mcrons; and (B) layers of a

sel ected second polyrrer havi ng an average _ t hi ckness of not nore.than

naphthal ene. aHiRR 952480 qn. % Pasabid b, % Bicfirobelierior, 08, e P,

bi refringent han
Claim 1 wheréin salﬁéﬂll ﬁ@gﬂtg]?ﬁlssg r?aef).’h H'gla PET, with grngoxy%dog@m d

pol yester and09si (60l mce%Sphthoﬂéﬂ drts%dmlilqmbgnzene)armE%%mdlaédék’nOm
adj acent alternating |ayers. 4. The filmof Caim3
wherein said Pbélbrs of said naphthal ene di carboxylic acid pol yester

13 50 90 O s o o R

eaCh of said g80-wt Rﬁmrtﬁe@ommanothﬁl%rﬂ mwmxfdﬂ theaﬁhﬂ showxC it er
and said | ayers of said second poly The film
of O ai m 1 whEigire:35Bi the finput, toathe reeonds pxtémme\uas 80awt% of theeﬁgPEUnend

been st i ched0t %;of the PET; for I*%nfalﬂh s PR 3507 B ol B e e "

direction's uggshid whsCdbERNSI ON.
- 48- WO 96/ 19347 PCT/ U895/ 16555

8. Thel@i | m of Eigires 35Ah36B; and B5C shomerthe dransmisaxonaqzﬂwm amdtilayer
films where curve a shows transmission of hght ‘polarized in the non-stretch

direction at normal incidence, curve b shows transmission of p-polarized light

- polarized in the non-strétched directidn at 60° incidence, and curve c shows

transmission of light polarized in the stretch dii'ectibn at normal incidence. Note

15  that the optical response of these films is sensitive to the chemical composition of

the layers from the second extruder. The average transmission for curve ¢ in

Figure 35A is 43.89%, the average transmission for curve ¢ in Figure 35B is
21.52%, and the average transmission for curve ¢ in Figure 35C is 12.48%.
Thus, extinction is increased from Figure 35A to Figure 35C. '

20 For the ei_amples using the 57 layer feedblock, all layers were designed

for only one optical thickness (1/4 of 550nm), but the extrusion equipment

introduces deviations in the layer thicknesses throughout the stack resulting in a

fairly broadband optical response. For examples made with the 151 layer

feedblock,' the feedblock is designed to create a distribution of layer thicknesses

25 to cover a portion of the visible spectrum. Asymmetric multipliers were then

used to broaden the distribution of layer thicknesses to cover most of the visible

spectrum as described in U.S. Patents 5,094,788 and 5,094,793,
Although the present invention has been described with reference to
preferred embodiments, those of skill in the art.will recognize that changes may
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di carboxylic acid polyester have a higher index of refraction associated
wth at wo d6a9%f#7 one in-plane axis than the | ayers .of saig 846555

pol ymer. 5 9. The filmof Claim8 vvhereln sai d hi gher |ndex
of refraction is at - | east 005 hlgher ) . 10. The film
of Claim3$8 whereln aldfhm?he ngdex ., fractl nis at | east 0.10

hi gher. 10 ¢ made mn an tq;q wi BP ’iﬂﬁbﬂ@l spigtand 1spepecef thedex
of refraction ig | east 0. 20 hlgher. : 12. The fil m of
Claim1 wherei n sa| (?fl | m has been stretched in at 15 |east two

di r.ections. 13. The filmof Claim1 wherein said
napht hal ene di carboxylic acid pol yester is a poly(ethylene

napht hal at e) . 20 14. The filmof Claim1 wherein said

napht hal ene di carboxylic acid - polyester is a copolyester conprising
napht hal ate units and terephthalate units. 15. The fil m of
Claim1l wherein said second polyner is a pol yester. 25 ' 16. The
filmof C aim15 wherein said second pol yner conprises napht hal ene
units. . 17. The film of CGaim 15 wherein said second
polymer is a copol yester conprising napht haI ate units and

terephthal ate units. 30 - 49-
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WO 96/ 19347
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pol ystyrene.

ot \c AMBUIRMHIAN AN <ccomemmmpnes <

19* ¢The f4| of Claim 1 wherein said

second pol yner i _ quoroponner , 5
20. The fil iim 1 wherein said second poI ymer is a
pol yacryl at e,%o acryl ate, or polyolefin. -, 21.

The filmof Caim1l wherein said filmhas an a\_/er;age reflectivity, .
10 for at |least one plane of polarization, of "at. | east -50% over at l|-east a
100 nm wi de 1. Abmultilayered polymer film compnsmgzz Article conprising

oot Smg. O™ )y’ eyt i fshiely BB S RER BRI L "
having an 5ave{vﬁﬂ eédé:ﬁé& Sec@ucfalp fficient, haﬂﬂg aﬂw@rdgeamc&ésmbpﬂﬁm and,;

(B) layers of yrrer havi n an aver age

t hi ckness of nﬁﬁo;ﬁ)nﬁcrbhs;rma 5m crons wher ei n
said fil mhas been stretched in at a ne d| Hlonto
| east twice that di rect@nl%veﬁﬁs‘lrété ymer havmg an average

24. The fi l?ﬁcﬂmesg&r{%é;’om% ] lﬁ@*&i‘spol yest er is a poly(al kylene

t erepht hal at e 25.: The filmof daim23
wherein said second polyner is a polyester. : 26. The
filmof Caim23 wherein said |ayers of a polyester and sai

| ayers oflt second2pol yFhe filmeof Glgim &t‘!él‘%d%é’ﬁl’ thalene ﬁm@‘)'hﬁﬁ&%ds
30 polyester is more positively birefringent than said sg_cond po'wmer. . (

3. The film of Claim 1 wherein said layers of said naphthalene
dicarboxylic acid polyester and said layers of’ said second polymer are
15 immediately adjacent alternating layers.

4. The film of Claim 3 wherein said:layers of said naphthalene
dicarboxylic acid polyester and said layers of said second polymer have good
interlayer adhesion. |

20
S. The film of Claim 1 wherein there are at least 50 of each of said

layers of said naphthalene dxcarboxyhc acid polyester and said layers of said
second polymer. .

25 6. The film of Claim 1 wherein said film has been stretched in at

least one direction. -

7. The film of Claim 6 wherein said film has been stretched in at

least one direction to at least twice that direction’s unstretched dimension.

30
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25. The method of s—a'rd“"l"a e pol yester and said
| ayers of aw@96ie93d pom lﬁﬂmﬂ [IgHﬂl ””E"é'sﬁ Rgé‘?a%%iion PCT/US95/1655526

The nethod of C aim 22 reinnt ere* are eas f each of said

| ayers of a polyester and said Iayers oT'"a second pol yner. 27.
The nmethod of Claim22 wherein s i as .been, stretck

| east two directi ons8 The 1im °ch 7mwr}‘°fem iayers 0 532@ ﬁi@ﬂﬁ?ﬁhod
of Claim. 22 £h r east
one pl ane of po ar | z B{J%%EI east@@@)\éﬁ@#‘iﬁﬁ%@&{ﬁﬂéhE%cxatéa ‘i’gh 4rtlm
wi de band. least onemB]Slane #xib tirinethe fayprs ofl sajsl debend polyment ai nabl e accordi ng
to daim22. 30. A nulticonponent reflective optical film
havi ng at | east one birefringent : conponent, characterized in

| cast w0 of i¢5 coponerte dimhh Gl yfResl i BeHE Bk of refraipn. s o
difference i s Jeast (.05 higher. Sel ected to provide a desired rel ationship of

reflectivity as a functTon of incidence angle for p-polarized
i ght al ong the reflectlon axis. - An optical film

according to clalm th act rized in, reflet|V|t
decreases with angl & Hﬁl"l g@h(‘,’ga gf‘?"&ﬁW‘Pﬁé“#}E‘% fidex of re ‘¥ at Ap

optical film aq&gd 1@911&1%r0| aim 30 furt her characteri zed i n that the
reflectivity i s independent of angle of incidence.

33. An omol cal filmaccording to claim[err] further char acter| zed in
that the reflectivit I Ncreases t n | dence awa
fromthe normal . .  The film of Claim 8 wherein s\zll\‘id gllggerggn%ex of refraction is af >

least 0.20 higher.

12. The film of Claim 1 wherein said film has been stretched in at

15 least two directions.

13.  The film of Claim 1 wherein said naphthalene dicarboxylic acid
polyester is a poly(ethylene naphthalate).

| 20 ~ 14.. The film of Claim-1 wherein said naphthalene dicarboxylic acid
polyester is a copolyester comprising naphthalate units and terephthalate units.

- 15.  The film of Claim 1 wherein said second polymer is a polyester.

25 16. The film of Claim 15 wherein said second polymef comprises
naphthalene units.

_ 17. The film of Claim 15 wherein said second polymer is a
copolyester comprising naphthalate units and terephthalate units.
30
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34. An optical filmaccordi o clainferr],further characterized in

- that the v(,bl 9347| SHEET HXDBEENi Ees a nul til ayer pol ynepicgnishd/gsss

: ) TH(‘:%agg@pA@q zed |n that its reflectivity of p-polarized

i hsafrt-tor
”!mgmml r" ﬂm ilm characterized in that its reflectivity of p-polarized
Ll &3l | 18.  The film ofClaima} yyherein said seepnd polyieris arpolystyrensior nal .

v~ i ndependent of angle of incidence.
37. A multilayer optical device, characterized in that its reflectivity of

p- pol ari zed _ | i ght was adjusted by controlling the three
indices of refractign Mype filyn 39f CBiMl 1€a¢Kerein said second polyfiér is a
-51- 38. A filmor device according to any preceding claim

further char diioropolgnter.n that the average transm ssion at 60 degrees from .
the normal_is at |east 50% across at |east a 100 nm w de band for
p- pol ari z8d i ght neasured along the transm ssion axis. 39. Afilmor

devi ce according t4n cl & - f ot char i : 0 er age
S o | ORim CIN ARG 28R | Bodrd plyifier iS" &

transmission is at” lea A filmor device according to any

precedi ng cl giolyacrylatel polyaiethasnylate; aepblyolefinat t he average transmi ssion at
60 degrees fromthe normal is at |east 50%from 400 to 700 nm for

p- pol ari zed |ight measured along the transm ssion axis. 41. Afilmor

devi ce accordi ng tg cl aj . \&tk?é' r ¢ | fbbhal ge
transm ssion is at ‘eagﬁ%ﬁ&‘ OEX‘E&HH |lﬁ%&@rm§gg?§c§1 gﬁ%%%%l ng . ﬁﬁgny
precedi nqoc! afofat fedstidneplakafpoleizaten] ofratidmt 50 %eovel/at astar 106 ninewiiet han
10% at 60 degrees away from the normal. 43. A filmor device according
to any precediand. claim further characterized in that the RVS color is-| esy(
than 3.5 % at 60 degrees away fromthe normal. 44, A filmor device
according to any preceding claim further characterized in that there is no

col or variation acynss ARRIE tdripridinglthel filen of Claim 1.

15 23. A multilayered polymer film comprising
(A) layers of a crystalline polyester having an average thickness of
not more than 0.5 microns; and; ' |
(B) layers of a selected second polymer having an average
thickness of not more than 0.5 microns; | | ,
20 wherein said film has been stretched in at least one direction to at

least twice that direction’s unstretched dimension.

24. The film of Claim 23 wherein said polyester is a poly(alkylene

terephthalate).
25.  The film of Claim 23 wherein said second polymer is a polyester.
26. The film of Claim 23 wherein said layers of a polyester and said
layers of a second polymer are immediately adjacent altérnating layers.
30
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color. 46. A filmor dévite %ccording to REMAgEmecedi hg claim further
characterized in that the filmor deviCgl -4 . 47, A filmor
devi ce according to Zihy ofhecfibmof Glaim 363vherein4did layes's, offaipolyester and said
characterized conprising a, mrror conptising a,plurality of stretched
pol yneric mat e%&eﬂg})ﬁl‘e‘fo&gﬂ’l}ﬁ@ }’&Velgﬂgyﬁ?riaryg’él‘@%ﬁ@ng birefringent, the
materials having a stretch direction refractive index and a z-axis:
refractive index, wherein the z-axis refractive index differential between
materials is |ess tH# tHEhesfilnedf Claiin 23 wherein tereiatel atdedsn 96 0f €atH 6f £441 al
between materials. 48. A filmor device according to claim47, wherein
the materiaPs dA¥ersof a pelysser andosaid layers of dsegondepaly®@e®. 49, A filmor
devi ce according to claim47, wherein the materials are stretched in only
one direction. 50. A mrror filmconprising a plurality of birefringent
optical |ayers. 29.  The film of Claim 23 wherein said film has been stretched in- aP2 -

least two directions.

i PEEsayiesss, o

10 30. The film of Claim 23 wherein said film has an average
reflectivity, for at least one plane of polarization, of at least 50% over at least a
100 nm wide band.

31.  Article comprising the film of Claim 23.
15 '
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