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No. 10/852,916, filed on May 25, 2004, which is herein

QFdeA o 1AM d- T T-EX BF g ARG IFALMVE ANIA M BHOD SHAPRGREING AND

I n backlight conputer ;di t her display

systens, optical fil mlig\/@?icﬁﬁﬁaé;%so be referred to

as a sheet, layer, foil and the like) materials are

CROSOREYERENCE TOREXATEDAPPOICATIENS di ffuse, or

pol arize |ight. For exanple, in backlight displays,

ri ght ness_enhancenment filnms (BEF e prismatic )
T@F PliseRi@gligriiophza §9‘Ptfr5@8%n‘ﬂlﬁé% B?btg%ﬂ%éﬁ’l’ 1¢atigp Serial No.
18/389918, Ni-6W %155 2604, Syhickdk Betkin i in i
per pend?gu}/ga?)qa?o i%emd;%gﬁfay). Tlﬁils&ge aa%egebg %efgeerence m its
etieght ness of the |ight viewed by the user of the
di splay and allows the systemto consune | ess power in
r ' desired level of on-axis illum nation. Such
B%T(ﬁﬁékml so be used in a wi de range of other
optical designs, such as in projection displays,
I badliht congivddrdispdi@ or lokheridnplashystefiBSoptichl Hlui (vHith may also

di spl ays systens, for exanmple in liquid crystal
beirefsirad 4o et eshect; layes fad sind 4b¢ dkelomptgvials are commonly used, for

I 1 S8 B4 P 4P S, T 0D Wi

biigletkbdsgharsiesicANBIn (BB uye phishaticdutueturésaiit the Guithess thereof

vi ewer and hide potential defects generated by a |ight

tydirgel, lighti plenged NiCNIRE Al il a0 axHs RYEEE] JReprndicyap), to the
it L . . '

o B85l bl PRESAAL, PRGBSI ALRPRLILER e ity

apd ajlews tlessystnate dortsomieHessr powves Ualcragping ar dgsoed iléveh of on-axis
Jbackl i ght _di spl ay sysie In particular, these filnms |
iagareT EVAY B e oerisp _F‘ﬁ”l(f:lﬁ ganggafgiher optical designs,
sEENRARblofectiVR SpPRS NEATLRALIS, drld iBmBlafedusad. I n this
applicatiron, thelr high cdéefficient of thernmal

expansi on may cause portions of the film near the hot
In gnprento displesin dystkink.e fdri pxaniple tiheliquid omysidledisplaps €L.CRgy it is

dgs(lnrealsalentgtha%( ﬁgﬁ}gdiﬁ{lsirqg %?mg].oiight-diﬂ;using films describe a broad class of
articles that are used within LCD backlight systems to evenly distribute light to the
viewer and hide potential defects generated by a light guide, while maintaining total
transmission of light. In addition to these light management properties, these
diffusing films need to satisfy certain properties related to their visual appearance in a
backlight display system. In particular, these films should lay flat on other films in
the system. Generally, when polycarbonate films are used in this application, their
high coefficient of thermal expansion may cause portions of the film near the hot
lamp to expand while film further from the lamp either does not expand or does not
expand to a similar extent, resulting in waviness of these portions of the film, making

the entire film unsuitable for use in a backlight display system.
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description, draw ngs, and appended cl ains. BRI EF
OBESTRYJAIThEN OF ail HdptiDRAINGSRefes greater tthart loe a‘qugiu‘roeso wt.%

pg\fi;/cargonate W er&ﬁ'v%é’ht%@c%g natsesd on aq[ot \eNre?gh[t] o% rhe optlcal film,

and wherein the optical film has a linear CTE, measured in a direction parallel to a

stretching direction of the optical film, of less than or equal to 50 x 10°® cm/cm/°C.

The above-described and other features will be appreciated and understood by those
skilled in the art from the following detailed description, drawings, and appended

claims.
BRIEF DESCRIPTION OF THE DRAWINGS

Refer now to the figures, which are exemplary embodiments, and wherein the like

elements are numbered alike.

Figure 1 is a perspective view of an exemplary embodiment of a backlight display
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el ements are nunbered alike. Figure 1 is a perspective

vi ew of an exenpl ary enbodi nent of a backli ght
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2 is a perspective view of an exenpl ary enbodi nent of

a brightness enhancenent filmwth prismatic surfaces.
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device (e.g., a backlight display device) wthout .
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result_of heat froman optica light) source (e.g., a
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dgﬁgiﬁgﬂa{r e desirably unitary or nonolithic filns
characterized by the absence of coatings. Wile it is
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t hr.oaughou his. disclosure, this reference i s nmade
Stﬁf‘é?hé?ga lg‘t‘t'é‘gﬁ‘é@ﬁi e in discussion and it is to be
under st ood t hat
DETAILED DESCRIPTION

Disclosed herein are optical films, more particularly light-diffusing ﬁlrﬁs (which may
also be referred to as a “diffusers”) comprising polycarbonate, wherein the light-
diffusing films are capable of being employed in a liquid crystal display device (e.g.,
a backlight display device) without resulting in waviness of the light-diffusing film as
a result of heat from an optical (light) source (e.g., a florescent lamp). Furthermore, it
is noted that the optical films, more particularly the light-diffusing films are desirably
unitary or monolithic films characterized by the absence of coatings. While it is noted
that reference is made to a light-diffusing film throughout this disclosure, this
reference is made merely for convenience in discussion and it is to be understood that
the discussion is equally applicable to other types of optical films. The term “total” in

relation to reflection is used herein to refer to the combined reflectance of all light
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the discussion is equally applicable to other types of

optical filnms. The term"total” in relation to
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evice 1
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source 102 for generating light 104. A light guide 106 in optical communication with
optical source 102 guides the light 104 by total internal reflection (TIR) of the light
104 within the light guide 106. A reflective film 108 in physical and/or optical
communication with a first surface 110 of light guide 106 reflects the light 104 out of
the light guide 106. A brightness enhancement film (BEF) 112 located in physical
and/or optical communication with a second surface 114 of light guide 106 is

receptive of the light 104 from the light guide 106.



the |light guide 106. A brightness enhancenent film
(BEF) 112 located in physical and/or optical
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may be arranged in physical and/or optical communication with each other as

==

illustrated in Figure 5. More particularly, a first BEF 212 comprises a first BEF
planar surface 216 and a first BEF prismatic surface 218. A second BEF 224
comprises a second BEF planar surface 226 and a second BEF prismatic surface 228.
The first BEF 212 and the second BEF 224 can be arranged such that the prismatic
surfaces (218 and 228, respectively) are positioned at an angle with respect to one

another, e.g., 90 degrees.

Additionally, as briefly mentioned above, the arrangement and type of BEFs and
light-diffusing films depends on the backlight display device in which they are
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In addition, the top light-diffusing f
the likelihood of fracturmg or damaging the prismatic surfaces of the BEF films.

Furthermore, it is noted that top light-diffusing films (e.g., 330), i.e., the light-
diffusing film nearest to the liquid crystal display (e.g. 322), generally have a haze
value of less than or equal to 85%, more particularly a haze value of less than or equal
to 50%. Whereas, bottom light-diffusing films (e.g., 320), i.e., the light-diffusing film
nearest the light guide (e.g., 306), generally have a haze value of greater than or equal

to 90%, more particularly a haze value of greater than or equal to 95%.



may al so function as a protective filmfor the BEF
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Reflective film (e.g. 108, 308) may be in any usable shape for reflecting light, e.g., a
planar shape, such as a plate, sheet, and the like, wherein the reflective film comprises
a reflective material. For example, suitable reflective materials include, but are not
limited to, an aluminum deposited film, a silver deposited film, and the like. In other
embodiments, the reflective film may comprise a thermoplastic material, e.g.,
Spectralon® (available from Labsphere, Inc.) or titanium-oxide pigmented Lexan®

(available from General Electric Co.).



am nation of a plurality of sheets. Reflective film
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matenal z{nd ogtlggally? hght diffusing particles. The light-diffusing film comprises
greater than or equal to 80 wt.% polycarbonate, and more particularly greater than or
equal to 90 wt.% polycarbonate, wherein weight percents are based on total weight of
the light-diffusing film. For example, in an embodiment, the light-diffusing film may
comprises about 93 wt.% to about 99.6 wt.% polycarbonate; about 0.4 wt.% to about
7 wt.% anti-static material, more specifically, about 0.4 wt.% to about 2 wt.% anti-
static material;, and optionally up to about 7 wt.% light-diffusing particles, more
specifically, about 2 wt.% to 7 wt.%, wherein weight percents are based on total

weight of the light-diffusing film. More specifically, the light-diffusing film may
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{CF3(CF)n(803);6 {P(R1)(R2)(R3)(Rq)} D

wherein F is fluorine; n is an integer of from 1-12, S is sulfur; R;, Ry, and Rj are the
same, each having an aliphatic hydrocarbon radical of 1-8 carbon atoms or an
aromatic hydrocarbon radical of 6-12 carbon atoms and R4 is a hydrocarbon radical of
1-18 carbon atoms. Anti-static compositions comprising fluorinated phosphonium

sulfonate shown by formula as having the principle component thereof may be used in
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It has been discovered that a light-diffusing film comprising polycarbonate stretched
by the process disclosed below is capable of producing a light-diffusing film that does
not result in waviness of the film from heat produced from an optical (light) source,
while maintaining its desired optical transmission properties. In various
embodiments, the light-diffusing film may be employed as a top-light diffusing film
or as a bottom light-diffusing film. The resulting light-diffusing films have a linear
Coefficient of Thermal Expansion (CTE) (measured in a direction parallel to the
stretching direction) less than or equal to 50 x 10 centimeter per centimeter per

degree Celsius (cm/cm/°C), more specifically less than or equal to 35 x 10°
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enbodi ment, a light-diffusing film432 is unwound
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Furthermore, it is noted that the size of the rollers, material of the rollers, number of
rollers, the film wrap around the rollers, and the like may vary with the stretching unit

employed.

In operation, the light-diffusing film 432 is unrolled from roll 434 and directed to pre-
heating rolls 438 located upstream of slow draw rolls 440. The pre-heating rolls 438
and slow draw rolls 440 are used in sequence to heat the light-diffusing film to a

sufficient temperature to soften the light-diffusing film such that it may be stretched
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440. More specifically, the stretch ratio is sufficient to produce a light-diffusing film
such that waviness in the film is avoided upon exposure to heat from, e.g., a
fluorescent lamp. The stretch ratio depends on the desired application of the film,
more specifically the desired thickness of the film, e.g., a thickness of about 0.025
mm to about 0.5 mm, more specifically about 0.1 mm to about 0.25 mm. For
example, the stretch ratio can be about 1.1 to about 3, and more specifically about 1.4
to about 2. It is noted that a stretch ratio of greater than or equal to 2 may result in

scratching of the film.
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coalingrreBers o) binipa lovies tempestiote than itle ’c‘ia@bémwsr@lnrwﬁ’é Further,

th%ecsdoilg% r?lﬁé%%é @tolé)%glgeo%%% tc‘%q{elﬁﬁltﬂ?e lgss &lglsl Qﬁc Ié{%eéﬁgg %?ﬁers 444,

Faligdtinots, 325 moted €hallBeiinr@alPnd¥o]lefOlets. SWQ'aﬁMQﬂé leyoling rollers
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in scratching of the film Furthernore, in various

peapdi ments, the filmis desirably textured on both

the top and bottom surface of the filmto mnimze

scratching of the surface of the film For exanple,
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dés%ﬁ&f i rlf)g'giigtgﬁts A%Rlagatlon No. 10/787,158, having a nominal thickness

0.008 inches (about 200 micrometers) manufactured at GE Structured Products, Mt.

Vernon, IN, was employed in these examples. The top surface of the film had an
average roughness (Ra), measured using a Surfometer instrument manufactured by
Precision Devices, Inc., Milan, MI, of 60 microinches (about 1.5 micrometers) to 85
microinches (about 2.2 micrometers), the bottom surface had a roughness of 12
microinches (about 0.3 micrometers) to 30 microinches (about 0.8 micrometers). The
following settings were used on the Surfometer instrument: cutoff length equaled 0.03

inches (about 0.08 centimeters), Stroke Length equaled 5 éutoffs, Pc Threshold
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of greater than or equal to 20 m croi nches (about 0.5
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S{og" BEBUTPSEC) appdst RicIBHe HHE (FRR: hompioEtPoR mipfte (n/min)
of pol ycarbonat £ 49 i@l X424k 12, made using a
process simlar|to that éescrl bed in U S. Pat ent

Application No 110/787 158, having a nom nal thickness
Fagt Guawiteraprsatuteah 8TA°FA0bouti1 62 8He0 3PEIF (rhoif160fC)yed at
CE Structured Products, M. Ver non, IN vvas errpl oyed

P B e 2 LA e PSs

i nstrunent nanu1actured by Precision Devices, Inc.,

Althéa Tempbrangt 60200°CT(@bdit B8C) 18RGULF boutmX7rONeEt er s)
to 85 mcroinches (about 2.2 mcroneters), the bottom

—surface had-a—r{ bout 0.3
CrpldemnapBre) to §8°Frﬁab@15i%cﬁb@ 1@9%@%@?5-

m cronmeters). The follow ng settings were used on the

Surfometer T nstrument: cutof f tengthequated 0703

At a stretch ratio of 1.6, the film obtained had a nominal thickness of 0.0055 inches
(about 140 micrometers), a haze value of about 35%, and a light transmission value of
about 90.3%. The linear coefficient of thermal expansion (CTE) (measured in a
direction parallel to the stretching direction), which was measured using thermo-
mechanical analysis (TMA) with a temperature range of -10°C to 100°C, and
calculated using the slope of a linear fit to the TMA curve between 20°C and 60°C,
was found to be 18.7 x 10° cm/ecm/°C. In comparison, the linear CTE of the.
unstretched film measured in the direction of extrusion was found to be about 70 x 10°

¢ cm/cm/°C.
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i nches (about 0.08 centineters), Stroke Length equal ed
5 cutoffs, Pc Threshol dequal ed 10 m croi nches (about
w@2®@smieoonmet ers), Roughness filter equal ed GapeBHUS005/015563
The filmhad a haze val ue (neasured using a Haze-Gard
Plus instrunent, avail able from BYK-Gardner, Maryl and)
Toe remdingdila0wss sssdssad forgiuitabitibnefiisssis artop diffiser by placing it in

TR N M T
PRilipENnad1&e dfthé Pret HEstiz@neh HifaRer ARt eUhORINGNahdR af aRkR degree
. apl e a stretc ratio o . 0, e
1 1)1b| 1 At t tﬁ% t f 1.6, the film

vistit anghe (. eha-axinonasnatasuraddpiabsthe bifuid. @psd nanelhismoved) using

o 842 0B byt RIS PGl e

whien ercof@gdréiar itﬁmdifﬁlset,h 1 AR4S-2xpaRtinefacledEby GE Structured
(measured in_a direction parallel to the stretchin

Pgpduststand dyscriRed EhUvia $ateahAnplication Neg 10487 ,ﬂé&éwrsawcg-aln other

' . it e f 0
BB UL L ST P PAGRIP R rA86 12, ruces
theo filhewdMomptned foet weedvetROke aardpiibilile WET)f AAchadving light
d%?u 18.7 x 10 6 cm{cm C. | n conparjson, the |jinear CIE

St ey AKSGeRerT iR HERAtLY Y GUsREPRPpics fofhediET film.
Mokt [Hé?ﬂlcq@ar AShE GHAM wad ct&?né% Uty ZlOD;fl’Z‘)Q?I? d‘fi%{e?j &)r;ﬂ?l@rcially ,
resulting il mwas assess or sultabpl ty of ‘use as
awailable foorh flisspdenhyo.pLaici Tig luminanca wae fiovekldo de IiXGuioflthe value

. | displ I 21X04 f b
ol B SR TBIAL B TEHEE P L e bt g e i used.
film The lum nance at a zero degree view angle (i.e.,

1P BncidrSbstVBRe dBARUSPHakiNek RvdshBeddufidl dinCihysE:aingdadngla stretch

removed) using an EldimEZ Contrast 160D i nstrunent,
. ragiocpiflots il filn bbtaied hadmaonting thigkness 0H0.80h svtheh@ppwximately
nercial_ top diffuser 4248-11 manuf act ured b
1ERTENF e bt B o 80 % B TS &SI il 1 about
orgp! Mhat depec\NOf wWené8y whaBmed@tedugsiflg the f@ll&\efng\/\ﬁéﬂﬁ%d: the

the | um nance was_ at |east 90% of that neasured for
explapmppdififpser filntfren a eomamerciahl fdtchc@bgyd 38dcentmgter) notebook
0 r (P ' hayi i ght .
PEODGUN SRSk GO UL PRILALRY. bl mausis

Tdivfah) swasg r@hoadr bnd SeplacddhevifBEThd ifilm wkbse waviness was to be
particularly, the filmwas conpared to a D 17

mgaseds e The dignnascomaantsyl s tipt Bisi retching dissfira &?SER%?%HGI to the
ldn'gdaxisTgiethE \WEFARER MeFL P mbBulR Gyt Gumdy Y dddEnY @iféf@em was

allowed to equilibrate for a period of 10 minutes. The height of the highest portion of

the tallest wave in the top diffuser was measured from a baseline of a point on the
BEF film directly below the highest point of the wave, using a rule having a 1/100

inch scale

The performance was compared with that of a commercial top diffuser, D1.4248-112
(thickness 0.005 inches (about 127 micrometers)), available commercially from GE
Structured Products, and described in U.S. Patent No. 10/787,158. The height of the
largest wave exhibited by the DL4248-112 was measured toe be 0.04 inches (about 1
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obt ai ned when the comercial top diffuser, D 17, from

Tsujiden Co., Ltd. was used. In another test, the
waelegsas7of wavi ness was neasured. In this exanptBUSHDS/@15563

stretch ratio of 1.8, the filmobtained had a nom nal

thickness of 0.005 inches (approximately 127 mcrons),
manhadélevtht sigetaliedabloubadiddgavarmdight of g0 inclessing. ssé waves were

val. ug of about 91% The degree of wavi ness was

fed using the follow ng nmethod: the existing top
di ffuser filmfroma comercial 15 inch (about 38

Irpﬁﬂitlildm&s@fthe dRkanbaghalitghd. g Moskd i c (GBS of the film, was
AD1511, nmanu act urg}z0 by Corqet r%nl% | ndustsql es, Tai wan

aspgssed aprinliogvsani® mﬁg%@@amptqa, ¢aeh spitabie WTO@@ iman 7 reehs(about

he fil t he
S R R T e e
stteheh £6blof muey Gentetladd ddaerilaaciboee WBSCH dabipishana &ﬁgtht&fabout
ystemwas all owed to equilibrate for a period of

14n lﬁeheess (abppi %ep@rmm%ﬁm} Hadhp giekl %fo?‘?‘?‘ﬁnl%flnﬁhﬁé (about 26

R T ol s Rt TR Biepep il g n o

dzh'kg’mdsﬂas}sol OﬂOchﬂeatnheomaMBAroummg ard graded, hw/thag agothl d0@bout
ch scal e Th gr nce was conpared with that of a
§ fiches, b@.u% flfidds Saprrgoseglimetess) (Way ERpreded. 0 Aogrde of

«hRehes 5&@?ﬂ%le? &fé éﬁﬁg tﬁﬂefgea%{l %)é?}{ Lu’?g‘l/e?a%e defect size of less

conmer ci al oduct s
thde smr ¢dual to rﬁ) ZJnﬁlhnR;iere r(mehkmred@s 187 ,at&Bge Dhehé enajout diafneter

ol st e By e Bl o e L
toSlbhsE g bt tehRbcd orexg ek ghbt é%fcelﬂalgg) sthENES. Exa?hples of

no waves were observed. |In another test,” the physical
ddpgeancdn@@/tqm ardé ngt hmltgd toc seratehdse b&pnmtshetsy dohplegyedents, black

speg%hr%rg\\&\’?lf Sé)%fisesgetg)gglze %O%Sl%é%l’l(?l??ch geggu\{uvgr%gslzsea(fm81ng an €ye
mpata neldeeld PRgkjigh ﬁeﬁ@@imhenaem@ngﬁtméagﬁmgascaw attalled to its
rght-diffusing filmmade at a stretch ratio of 1.8 by

elt%@aﬂ@ﬂﬁaoﬁ()d@scé@m insieragiive . Basd onsthapbeve msp@ptnoan'gwld was

c bQut ;25 n t ers
B8 46 tfiob S A BERA NG S UIATELERE) & hf il i pea =
son@sh hindng ‘dllﬁigﬂi bieaten thag oF equdl iel8 m@. ThepieRiS@eftent) afiled the
in a darkened cI ass. 10000 cl ean-room envi ronnment and
nypbgred "y’ samplendivisied bydhe fgialaumber of samples multiplied by 100.

In this test, 3 films were rejected, which equated to a yield of 81%. In other words, in
the total observed area of 2235 square inches (about 14,418 square centimeters), at
least 13 samples, each having a size of 14 inches (about 35 centimeters) by 10 (about
26 centimeters) inches, may be obtained having no defects and scratches as mentioned

above.

Light-diffusing films produced by the above-described process were tested to evaluate

their robustness to conditions of elevated temperatures and elevated levels of relative

humidity. In one series of tests, a film having a nominal thickness of 140

micrometers was produced using the process conditions outlined in Table 1 and a

stretch ratio of 1.5. The linear CTE of the film was measured to be 39.4 x 10®
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2235 square inches (about 14,418 square centineters)

was i nspected. A grade of "OK" (i.e., acceptable) was
wobiaiingal i f the sanpl e had an average defect BCHESHN5/015563

|l ess than or equal to 0.2 millineters (nmeasured as the

erage of the major dianmeter (length) (Ilongest
cihf @#ﬁg e(rr)easjfred fire adhfeetmn am@ll@lh‘w thierstret dhirenétrentiof). e The Hight-

SRR VS 2 OB SRR b S B80Sk 0 15 e
(dﬂ)@ﬁte% §eﬂtﬁﬁéték‘j Saclipht MRUROLTWb Fhéle eutt ﬁ’lmssﬁé@te%gﬁ Placed on a
bl em shes, dinples, dents, black s§ecs br own specs,

gl@ﬁﬁjpllaté’»xh%}’ﬁl%g # hareersivisitle ed ée@gﬂvéaa@é & filvar ghsimedmusi hejght of

oD LR TR TR PR 8, SR e
w5§) nfﬁaﬁfr@m a$ 0 ©0 &Hﬂﬁ:@; SusindBasge h@ﬂng hael/a0®URhis0HBE EHaklo ﬁlm was
yield was cal cul ated as foll ows. A grade of "NG'

th@n éepeést@.tb% elpss plagmgt threerpdgpratthe o shert ﬁd\gqsrﬂnﬁalmné the long

t | d
ARR0 Onf\RIEE, GOPR) HanhiAy ihh cgliBer HHrd b Srppgragpre was
mhajntdihel itatsal and mﬁ&ﬂivd)lfurﬁlaffp les5% bt 4 pém(ﬁﬂoﬁBOO]lﬁ)Qrs I'The other

this test, 3 fj were rejected, which equated to a
(St @3 dV%? S@i%ed: anﬁhﬁémawcjé@g tey{ thrpugh &CH}% PlBessk ifed) chamber
wﬁél%ath%f ?d c?@l%?el?et\(v@gf Yo é4 % 52gU ﬁnmal. moisture
centlnete S sa eac aV| Si ze

cafteritdini theheis, e:gbolﬂass mnc ente'qmit o éﬁ)%byelﬂtﬁ/e( hbmuiity?ﬁwith the
centinete ches, obt ai_ned haV|ng 0 defects
RS E ek CHai] B ddhouh v (e Greeed; tpft Pt%sr extreme at

a bt FB2PCOSH G5 AuRY1 6\RicRBPMEs WERGhA Ded process vere
tested to evaluate their robustness to conditions of

el evated tenperatures and el evated | evels of relative
Aﬁglrrp@nplyrtlom nf each el thessebfwas eemgyedafrbinl the fehember @nd placed at

h t
B0 % el SRR E e lon 37 el TP Rt BB 55t s of
thetfilet &4l frRt hexitfuml déviatidiefiibmn@ahess T a0 diBE vk IMRMB®d. For
nmeasured to be 39.4 x 10 6¢cnmcnm C (neasured in a

eaghr aeft ithis palval wes fosnd hie der @@ahnm@eﬁu(ﬁb@m 89p. camtimeters).
Ahhlgi%g H?'lgzlgalf FLI@ Wﬁlecﬁ 'ﬁ?(i.rg f B 1;1;16% e&glgﬁ%rectlon was

use 1 n a nch

memtetdm’teeltﬁe therakl ifgird tobod B &. 10%/3@1@ cut films were
each placed on a glass plate having a | arger width and

oo kg reibed ey AEOEE CHEgi BOGSe Barein o Gapible of
hl8Yd RblaQnch A& faligh B8RS Hatness, as measured at an edge when placed on a
glass plate of less than or equal to 0.1 inches (about 0.3 centimeters), more
specifically less than or equal to 0.05 inches (about 0.1 centimeter), even more
specifically less than or eqﬁal to 0.02 inches (about 0.05 centimeter). The stretched
light-diffusing films are also capable of having a maximum deviation from flatness, as
measured after a high heat, high humidity or thermal cycling test as described above
of less than or equal to 0.1 inches (about 0.3 centimeters), more specifically less than
or equal to 0.05 inches (about 0.1 centimeter), even more specifically less than or
equal to 0.03 inches (about 0.08 centimeter). Additionally, the linear CTE of the
stretched light-diffusing film (measured in the direction of stretch) is increased less
17



was measured as 0.00 inches, using a rule having a
1/100 inch scale. Each filmwas then taped to the
w@b@saiqgbat e at three edges (the two short edgeGT/EHIH05/015563
one of the long edges). One of these (Set A) was
pl aced in a chanber where the tenperature was
thanionteghaled Sk 1H5Cmatet/ 1@ afied ¥ bighulmdat)i high humédieg festr orathermal

ofiGhg S AR RaiEioN PR RG fisiseg 1R BiERls g K has an
a\?i‘?@h%fec%\i@é ef Ieb@thtaﬁ@spedti@u W €2 miliBfetedClvRtreRethvaeda@blefect

.and -350C (m ninmal noisture content in the air, e.g.,
is| acmunerisghavragegefz meier slimpeten oft the defeghandd a wyinondiaetehef the
d&ﬁ&perature hel d at each extrene for 1 hour and then
changed to the other extrenme at a rate of 200C per
m nute. 100 such cycles were run. After conpletion of
Adearttageosdly, ithie medd vims the tiphtedi ffusiap filhe cempii¥igg pah@arbonate
llaced at 22C,  50%rel ative humdity for 14 days. The

P \ Ly y .
hivipssleepestraichen By df meibad ditelosebegcigrpnbe wsedrio arrduena light-
RS A Rl Peg 20 b e The AR BEEHARA 1o heat from
arDoial smhesudedhbiout batklghtaksyiaynddvéces ) Sinéeldiid wanimkdsycan render

the |inear CTE of. the filmfromset B_in the stretch
ol s A BausH A hES RO S WSS f dopble

33 x 10 6 cmcn C. In other words, the stretched
Abdigbhald, i ssnaifihdin® fohs 6006 NEERI BniphBe $ERRMLENAE. 1t is

havi ng "a maxi mum devi ation fromfl atness, aS reasured
nated that pollyearhbeate phsg bdataieflactiinatesipptasitre (HDT) ef aboutal35°C as

| .to 0.1 inches (about 0.3 centifnete

oisest Paho 197 B P Be st A P A D ke HDT

QAR Y T SBFELT VR b 35 SRR e
beitg etudiethel paidarbirataisionlyl fenti e tr @ nadre ctinamadl| abdé material

havi n i rum deyi atjopn fromfl atness, as.neasured
copfipaEsc ig ahléaéttfadmoglﬁhhﬁ?ﬁnoqwoxﬁd Srdighiditiysan ﬁl@
test as descri bed above of less than or equfal to 0.1
Whileh@s 0e8aidh Ras3 b delBRiel Swith effertbe®l fdveat | dbdBSents
than or equal to 0.05 inches (about 0.1 centineter),
thesgefy ihwilk be padérstoed bl ythoseskiltet an thy are dhedlvatiousOcl@Bges may be

i hch b 0.0 i Addi i [ ]. t .
b SPech AR bs g e SR i lelprb SR (opREF byt dfparting from
thé REspedfale invehtién, dir &fditi o) n@dnyShédticdtonk ndy e Ra&E adapt a
| essthan or equal to 5 x 10~6 cnmicm C after a high

pasiéatlar fijughom @i raatexjalt tosthe deactings rafl the invention without departing

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

limited to the particular embodiments disclosed as the best mode contemplated for
carrying out this invention, but that the invention will include all embodiments falling

within the scope of the appended claims.

18



cycling test as discussed above. Furthernore, the
stretched light-diffusing filmhas an average defect
wa s/ 104701 ess than or equal to 0.2 m |l ineter SPCTMIB2065/015563
the average defect is a nunerical average of a mmjor
di ameter of the defect and a m nor dianmeter of the
KB, Advantageously, it is noted that the
l'ight-diffusing film conprising polycarbonate having
been ,str t.he e S her.ein may be
lused %e%?ggﬁglggglglagg%ﬁ%ﬁﬁ g‘s ﬁ{r?grﬁ%tﬁ?(?ng?‘ *'é't"q"&%es not
produce waviness in the filmwhen exposed to heat from
heatingpih¢ opticas fiitn comipsisthgi geaerithak bi gfuial ti SPpways pelyeatBonate to
Since this waviness can render_the di splay device
2 Shthgieapfesipegatinede st st thsropdictliliavhsteip thetwi ghtipsisenis dased
j I L : ég}% [ Ily, the light-diffusing filns
Ol8li§st(: g\gélg%(grﬂél n cég;rgpﬁ’sée%pol ycarbonate. It is noted
t hat pol ycarbonate has a heat deflection tenperature
stf¢#Ehing tfe qitioalt filg Stheasin eonpdiieglsttabchat) optical @M Hasra linear CTE

anmor phous .pol yet hyl terepht halate (PET). The HDT_ is
R RO A LS Ao h SUHEM A CUEPE Sk s 28 6 GBIy 5 50 x
10° cAedhect . As such, all else being equal, the

pol ycarbonate would tend to be a nore structural

stable material conpared to PET that has traditionally
2peen Themethasdolaslazm |1 grheredn theulsnaay GTH i lesrthare or peual to 35 x
havent | has been described with reference to several
1gn‘3§ﬂaolnr¥g§ts thereof, it will be understood by those
skilled in the art that various changes nay be nade

3and @heinwsiadindSCIaRY 1pevhstdhs thietliead CTBris @bewrEimt § 10 cm/cm/°C
thereof w thout departing fromthe scope of the
tq #ReEht3 30" cHVERAft i on, many nodifications may be made

to adapt a particular situation or material to the
4! eachhoggembd LRECILAY ANt RBe thb Ak GERNelipBBinit % dstnl%?ch the
essential scope thereof. Therefore, It 1s’intende
optivai filiheisianteeperatmrenionbins 218°Qi efeal gtass tapsipon ténspdratonre of the
er.rb?g' ments di scl osed as the best node contenpl at ed
oPAl By ving out this invention, but that the

invention will include all enbodinments falling within

5t he gROREetRéd i eC1appendatbréih ahisuiddYSemberafurfab h@ftch the
of making an opti cal film the method conpri si ng:
opiecal ifitig i veteaperatiere +f pbontcldhibrofss slysyirentiven temaperare of the
oﬁt?c%?hhﬁo 80 wt. % pol ycarbonate to

6. The method of Claim 1, wherein a surface of the optical film has an average

surface roughness (Ra) of greater than or equal to 0.5 micrometers.

7. The method of Claim 6, wherein the average surface roughness is greater than

or equal to 1.0 micrometers.

8. The method of Claim 7, wherein the average surface roughness is greater than

or equal to 1.5 micrometers.
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a sufficient tenperature to stretch the optical film
wherein the weight percent is based on a total weight
w@tooshes7opt i cal film and stretching the opti cetT/UE100$/015563
wherein a resulting stretched optical filmhas a
linear CTE neasured in a direction parallel to a
9st r elbhinkaghadl ®%@laumnl ofhereis $he pfzgictung ef the ontmaBﬁlnx comprises
wher
ofse il eRcfi A Sy AR ol s gttt el ol peed and
pé?ssm'éhﬁe fBh boer Déecbh@kdnot JOIM@h@\hﬂ%b Recdnid e cdspeed, SWherem a
about 17 x 10 6 cmcm C to about 35 x 10 6 cncm G 4.
strgieh radio o8 theofilmasabavial . 1 fthahost A t he suffici ent

tenperature to stretch the optical filmis a

§ETPI5EIIE P S50 B AR o g2

Claim4, wherein the sufficient tenperature to stretch
1t.he @p¢ inoahod bf Milaim 8, fiethee rcatpricsingatrssihg YHE fiddh @ver a set of

I s tr ti.on tenperature of the optical fil 0. .
AR IR (OIS BAVick 2R AnacAliigdP Lrmemna ity Bdgsshar i Hrst operating
tetiffet e it ilpset %Prcﬁlé?sr A8 @%ﬁ@@&d&@%@&%ﬁ@@% thefsecond

greater than or equal to 0.5 mcroneters

savof hdldrof Claim 6, wherein the average surface

roughness i s greater than or equal to 1.0 m'cromsters
he ay, eragl?ersur ace

17 g BTG o a7 ey BleGiel o Bndplig F0ffert Hie Sarcd o

tefipef @R loeaboll 9370 & MRfuReg7ef, Caim 1, wherein the
stretching of the optical filmconprises passi ng the

optical filmover a first set of rollers having

13 sifh% mathedeos plade Bhdfupherseampprising passingoie ilg g@fo'ah get of
cc?b%tntg t11r %l f\/rlr?% %a%fécﬁﬁlg {;cﬁ@? Q&ﬂp&g&{“f{s StB?I? da’n X\ﬂ}%ﬁ@ﬁg roller

at’ misa
tehtperative. net hod of Claim9, wherein the stretch ratio

I s about 1 4 to about 2. 11. The method of Caim?9,
1 urt jilﬁe met fs élagnq w1e1%1n ’Hle sfe’lt gfn coo\{l?ltg r%llgrgtare? ]:)perated at a

temperature of about 21°C to about 38°C.

15.  The method of Claim 1, wherein the stretched 6ptica1 film has a thickness of

about 0.025 mm to about 0.5 mm,

16. The method of Claim 15, wherein the thickness is about 0.1 mm to about 0.25

mm.

17.  The method of Claim 1, wherein the stretched optical film has a maximum
deviation from flatness, as measured at an edge of the optical film, of less than or

equal to 0.3 centimeters.

18. The method of Claim 17, wherein the maximum deviation from flatness is less

than or equal to 0.1 centimeter.
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annealing rollers having an annealing roller

tenperature less than an first operating tenperature
wo@Rooshe70i rst set of rollers and a second operBCT/NH2005/015563

tenperature of the second set of rollers. 12. The

met hod of Claim11l, wherein the set of annealing

190l | Ehe mgthodgilaimed, whareiibe Hnear £13% oftho stretolBd aptical film is
ing%%%érd ﬂegs?é%ag ;ogfﬂﬁ%e? ng}( ]H%d c?ﬁ/mg/"@ a eééla? t&fstui@g\g 1|rc]ﬁ éhe stretched

I'sin il mover a

opptidal 6ire ib dkiced i af @B ikdtEnd® Inhdifitain@IRE habmpeah®s 6f 6FaAW and a
an annealing roller tenperature. 14. The nethod of

reggtiye oamditypfe3ep fortareriodiof §P0 oS ng rol lers are
operated at a tenperature of about 21C to about 38C.

265 i:g?n‘ffélﬁ‘fo%%g @hind %H%{ém tﬂ@fgxﬁéﬁk @T@@f&ﬁ%é@ét%%?ogtical film is

optic as a t’hickness about
inatvased 1@ssSthamor ddiial Tch x i haal cof *Chfadrma T, cyohekes Wlﬁéﬂ&ﬁl each
thickness is about 0.1 mmto about 0,25 mm 17. The
CYfit IFBEPEFCSOMETHRRING AR r BVITORREN s B @t EFfk feppetialie for | Imbour,
. . ey
O R 0 P e A B0 s RSnd RATIER ol o rate
of02% & pert mimtter maini@ningHbe wavinaunaf aClthé secbid tetpemture for 1

QTS T B RO rdahe SeR GRS TpaRRE C or 55
anhPR&@ER th'Brst ten@RFatérEE 08 ndthQualtiheb&had téi’:ﬁ%eh?tﬁile. film '

is increased less than or equal to 5 x 10 cmcm C

after a test in which the stretched optical filmis
2151 acBle methed diulpimp Anwhereirathatstieivbed aptical fidmpes awabservable

. L at | hum di.ty, of 95% f,or. a riod of.
e S B A Bt G0y SRR e
| inear CTE of the stretched optical filmis increased
22. essThdmethod of qllaim 1,0wbersinlifie Gtretoheadditical fikh iva L8R-diffusing
cycle test, wherein each cycle conprises maintaining
fi environnent at a first tenperature for 1 hour,
changi ng the environment fromthe first tenperature to

2R SEPRNheHRIARS Glakth &, Fhefeih IE optical film further comprises an anti-
static material in an amount sufficient to impart anti-static properties to the optical

film.

24. The method of Claim 23, wherein the antistatic material is a fluorinated

phosphonium sulfonate.

25. The method of Claim 1, wherein the stretched optical film, when cut to a size
sufficient for use in 17 inch liquid crystal display device, has an average defect size of
less than or equal to 0.2 millimeters, wherein the average defect is a numerical

average of a major diameter of the defect and a minor diameter of the defect.

26.  The method of Claim 1, wherein the stretched optical film is capable of
passing a physical appearance test, wherein the physical appearance test comprises
defining an observation area of about 14,418 square centimeters, cutting 16 equally

sized samples from the observation area, wherein each sample has a sample a sample
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of 20Q0C per mnute, maintaining the environnment at the
second tenperature for 1 hour, wherein the first
wWa egoprtiE@dur e and the second tenperature i s eacPCFBSDOS/015563
or 850C, and wherein the first tenperature does not
equal the second tenperature. 21. The nethod of C aim
site of\BE centrmethes tst 2@ tattimtbtapt weabinfd passingtestds defined as having
obser.vabl e Vi ngss V\geg exgosed to heat frorIp an
SISYr B3P o 8&&%&0 il A SMBles RAYIH AN AYLpESdeieRt pizsof los thappr equal
bHh i | ; el Llet Lk et Ot f el .
Y Tl O R e % BOREIO N By oy mafor
dinimetes of thetdefesp and aimifér diarhetet dfdhe defopr i ses an anti
static material in an amount sufficient to inpart
nti4static properties.to the.optical film 24. The
2ﬁet héjl%?é %ﬁygﬁafr&é%‘?yaﬁéw%‘f%nli’fﬁég%nt istatic material is
a fluorinated phosphoni um sul fonate. 25. The net hod of
afbgtioal soursdierein the stretched optical film when cut
to a size sufficient for use in 17 inch liquid crystal

di spl ay device, has an average defect size of |ess
a 11§1§rg'-@e ig ppHralicommunication jwith the bightgearcsi #1d he aver age
defect is a nunerical average of a major dianeter of

t efpct : ] ' e t | er;
o R e bON S ARE L opfill, il Eon Sy, Hiehe
giide, cepatihéhobptpab Simgasna pihyai CHE, mgserddn aaliteet$én parallel to a
wher.ein the physical earance test conprises. o
sifighog (igPen b L PREr TR PLE b f4ual 1 o B 10 gaem/°C.
centineters, cutting 16 equally sized sanples fromthe

2@bserNalifen @yea diISf 8ivicESCO1afA M| GHBRS TeSHERY TR is less
sanpl esi ze of 35 centimeters by 26 centineters,

thamer equal to Pax d0ngmienfCi s defined as having greater
than or equal to 13 sanples having an average def ect

20,2 S5 R A T o B T ATV el A5 B

17k a0étavcrfCttbe 5 defoaim/amgbCa mi nor di ameter of the
defect. 27. A liquid crystal display device
[.ng:, an Q sqQurc a light guide in

3@8[? Jé%?ilalaﬁﬁwﬁt@%fiépga?vl deeee ?ﬁélavmg% wistrig die giigal film has a

thickness of about 0.025 mm to about 0.5 mm.

31.  The liquid crystal display device of Claim 30, wherein the thickness is about

0.1 mm to about 0.25 mm.

32.  The liquid crystal display device of Claim 27, wherein the optical film is a
light-diffusing film.

33.  The liquid crystal display device of Claim 27, wherein the liquid crystal
display is a back-light display device.

34.  The liquid crystal display device of Claim 27, wherein a surface of the optical
film has an average surface roughness (Ra) of greater than or equal to 0.5

micrometers.
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a optical filmconprising polycarbonate in optical
communi cation with the |ight guide, wherein the
woepisaad7of i Il m has a |inear CTE, neasured in a BPOCT/ES1008015563
parallel to a stretching direction of the optical
film of less than or equal to 50 x 10 6 cmcnm C. 28.
35he WA epiicdl ﬁlmyswmpn&ingpl ay device of Claim 27, wherein
the linear CTE is |l ess than or equal to 35 x 10 6

C. 29 .Th d sta .
ilef feor el R WAl renth e h R eiebt pe e s osed on o
tdtall @Bkt 1@ tBS optidd] Bing %Mereﬁp theTB?’u&dl Ot heé séSIlﬁéar CTE,

di splay device of Clai'm27, wherein the optical film

rrwa@lr@d tthi cligsetden pirabgldata etr@dsngrﬁ:rp@mb@ﬁjﬂae@mcmﬁlng 1of less
tl}gﬁ%rte#&lflto sGLUBY hgglm)%@ ay device of C aim 30, wherein
a

CKnéss I's out 0.1 mmto about 0.25 nm 32.
The liquid crystal display device of Caim27, wherein
36 he ()] Iopﬁd:al ffilinnefi Glafin 136 gWherdinf thedinegr ETEM 188 thahh& equal to
uicd crystal display device of Caim27, wherein the
3??‘ Qi dmb(? sCal display is a back-1ight di spI ay devi ce.
34. The liquid crystal display device of Oaim?27,

'&Nh er ¢ho o?’uéélr fRC&f Qflafntﬂ %60 Réetdh thé llﬂbga@ﬁnls%gqg X 107

surface hness (Ra) of "greater than or equ
cmi oo/ 00 ts 85 5. 1956 cn#cmﬁﬂ cal filmconprising: greater
than or equal to 80 w. % pol ycarbonate, wherein wei ght

30 e ol 8RS 0F iR 150 ienef it Sl A1 S Rl pping film.

nmeasured in a direction parallel to a stretching

39li r eThé @ptiedl filRe o NAieABS,fwhefein0d shfsde dhalR &ticBHBh has an
to 50 x 10 6 cmcnI C. 36. The optical filmof Caim

avpmage fHEiRes pughress (R sopfer ithan arequalia A Somicseiueterst o 35
x| 06 cmMmcm C 37. The optical filmof Caim 36,

4%6;%&%9@%%@_@ aibRt-iFARRS U hemdBo SHpSILS tO

heating the light-diffusing film to a sufficient temperature to stretch the film, wherein
the light-diffusing film comprises greater than or equal to 80 wt.% polycarbonate and
an anti-static material in an amount sufficient to impart anti-static properties to the
light-diffusing film, and wherein the weight percent is based on a total weight of the
light-diffusing film; and

stretching light-diffusing film, wherein a resulting stretched light-diffusing film has a
linear CTE measured in a direction parallel to a stretching direction of less than or

equal to 50 x 10 em/cm/°C.

41.  The light-diffusing film of Claim 40, wherein the linear CTE is less than or
equal to 35 x 10" cm/cm/°C.

42.  The light-diffusing film of Claim 41, wherein the linear CTE is about 17 x 10°®
cm/cm/°C to 35 x 10" em/cm/°C.
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38. The optical filmof Caim35, wherein the optical
filmis alight diffusing film 39. The optical film
wo@RooShai7m 35, wherein a surface of the optical PET/US200EE15563
an average surface roughness (Ra) of greater than or
roneters. 40. A nethod of making a
431 g htThl |11tghbéifﬁ‘§m€| ﬁlm of ﬁéallii?e‘{(h Gﬂlemnrprsusﬁang of thedightgiffusing

S B e %tﬁe”r?.ecrrré‘%%{a? do 05

nfiGopieteses greater than or equal to 80 wt.
poI ycar bonate and an anti-static material in an anount
uffl nt tq. inpart anti-static properties to the

ig hfr arekindifiaging il ofraimy i reorein Hee siestciied light-diéfusing film
l'i ght-diffusing
héssa %?&glgs QJsftargceﬂtitﬁn ng ghhdt% gtf(ﬁ%g‘?ng film wherein a
resultl ng stretched Ii ght diffusing filmhas a |inear
4ﬁT E Whabghtediffusing filinrof tlaiondpavtairdie the thicknsdsrie bdit 04 mm to
rs%ﬁr on of less than or equal to 50 x 10 6 cm cni C
rght-diffusi ng filmof C aim40, wherein the
linear CTE is less than or equal to 35 x 10 6 cm cm C.
462. The lighohirfidink! f5h vg &1 f A | ;
| i near C'%E S abfgut 17 x ?%m4ecn@g%1@t§%£§gm;ﬁfflg{ng ﬁﬁ? 154
Ut fIG. 43. The |ight-diffusing filmof C aim 40,
wherein a surface of the light-diffusing film has an

“Equal s AP ARnE SRR, 72 wiref kit i) i tingsed

omﬂhe@naanylfflﬁ;. wherein the stretched Ilght di ffusing
filmhas a thickness of about 0.025 mmto about 0.5
mm ~45. The light-diffusing filmof Caim44, wherein
the thickness is about 0.1 mmto about 0.25 mm 46.
The light-diffusing filmof C aim40, wherein the
light-diffusing filmis a unitary film 47. The
light-diffusing filmof Caim44, wherein no coating
material is disposed on the unitary film
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