WD 98/ 50806 PCT/ US98/ 09278 BRI GHTNESS ENHANCEMENT ARTI CLE Background of
the Invention 5 This invention relates to enhancing the on-axis | um nance

(referred to here as "brightness™)—of a diffuse lighting device. D splays
used in deviLagisuch as conputers feature a material such ascpysdsigdsisd
crystal conp05|?ion and a |ight soqmmmmﬂmmWMﬂﬁk-lighting the materi al .
Films disposed between the back |i di spl ay have been used to
enhance the 10 brightness of the displaysby controlling the exit angles of
light. Summary of the Invention In general, the inventiom features—a

bri ght ness enhancenent article that includes: (a) a tran | exi bl e
substrate; (b) a first major surface that includes an arﬂ@ﬂ“@mmmwmwwr

pri sms having blunted or rounded peaks; and (c) a second rface
characterized by a plurality of light scattering protrusions.’éPigEse
protrusions inbue the surface with a matte appearance. The peaks are
characterized by a chord w dBRIGHTOSESSENHANEEMENTNARTICDE and radi us of

curvature in which the chord wdth is equal to about 20-40% of the
cross-sectional pitch wdth and t e re is equal to about

20-50% of the cross-sectional. 20 pitch w dt.h. .The arti : val ue
bet ween about 20- 60% diiivenion ey & %W%P%éhen%n-%flééﬁéﬁ*agﬁiﬁ@%ﬁl%é% 94%
when measur eched@gerbrightstist TR diffuseVigitthgtdevidel r st surface has a
substantially planar topography. The prisnms are preferably characterized by

a root angl e rangi ng Displays ugrdlin degices snchins romputEs feabire agpateaalayrh as aom
bout 85E t bout 95E. Roaot... 25 LGl aF;
T AT N TG TR e

i ntegral w t hdispdied betdedenhah&bick light ahl ehepdioplay havbeeitysed € ethahbetheor m of
"bunps” made of the substrate material). |In another_ preferred enbodi nent,
t he second Orefrightagss phthe displaybyicapdolbpg she exibanglesef light| udes a resin

provided on the substrate. \Were the ..ov of the Invention
Lummary ol the nvention

~ In general, the invention features a brightness enhancement article that

includes: (a) a transparent, flexible substrate; (b) a first major surface that includes
an array of linear prisms having blunted or rounded peaks; and (c) a second major
15 surface characterized by a plurality of light scattering protrusions. These
protrusions imbue the surface with a matte appearance. The peaks are
characterized by a chord width, cross-sectional pitch width, and radius of curvature
in which the chord width is equal to about 20-40% of the cross-sectional pitch
width and the radius of curvature is equal to about 20-50% of the cross-sectional
20 pitch width. The article has a haze value between about 20-60% and a
transmission value no greater than about 94% when measured under conditions in
which the first surface has a substantially planar topography.
The prisms are preferably characterized by a root angle ranging from
about 70E to about 110E, more preferably from about 85E to about 95E. Root
25 angles of about 90E are particularly preferred.
In one preferred embodiment, the second major surface is integral with
the substrate (e.g., the protrusions may be in the form of "bumps" made of the
substrate material). In another preferred embodiment, the second major surface is

defined by a layer that includes a resin provided on the substrate. Where the



WD 98/ 50806 PCT/ US98/ 09278 second major surface is defined by a separate
resin |ayer, the protrusions may be in the formof particles dispersed in
the resin layer, or may be integral with the resin |ayer itself (e.g.,

they may be in the formof "bunps" nade of the resin). In o red .
enbodi nentO BHR®% rst maj or surface of the article is 5 int Egr’@%%\/fﬂ"eth

substrate. In such enbodi nents, the haze and transm ssion values are
measured by applying a material such as an i ndex-matching oil to the first
maj or surface to fill in the "valleys"” between the blunted or rounded peaks
to render the surface substantially planar. In another preferred

enbodi nent, the first nmajor surface is defined by a 10 separate |ayer that
i ncl udes a r esedondrmajbadfast ihdéfheddyovepdmscresinddyqrr ilerpotrisionssuah be in
enbodi ments, the haze and _transm ssion val ues are rre%sured g%tégﬁ%arti cle

prior to appl itkafrariprridesdispesiad ipsheresinfgyer; AL RAY P§ANGRRE FEY a
met hod of enh ' bii : "fb‘ah{B n g =St ting,

| i ghting devi 2@% F}g?l%ﬁ%f g{(ﬁggﬁ EI acllnﬁge &neﬂjg%ove 155%%%0%???/;5@%% ght ness
enhancenment articl e siubsiamefentedyengadantnt] thedirat majghtsudfadet dfithgartislaisace of

t he device. The invention further features,a uniform diffusely-emtiing,
lighting devi deegiphivithihe suhstratendn sBelvem %‘EEFP%H’%H%HP&&&ES %ﬂ&ﬂé’&f’r’&ﬁ?

article. Exaiqlgé ﬁ%a&ﬁe@l??%fpg%ﬁg )?glrﬁé(ﬂsgﬁﬁsdcﬂ Gk YA SndRaGKalchingdibtel tAY sirstuch as

back-lit liqu crysta The invention provides a brightness
enhancenent amhdjot surfi@w konfillan thet 'velleyy) retweendhe bhatedeotriobindesl ppaksitagai n,

w de view ng angles in poth hori.ant | and vertical planes, soft cut-off,
and good abr adFBlT thessugiagnsubstaptially Rlanar-appear ance  al so hel ps mask

cosnetic inperfectiong, Lxﬁbtﬁé}epr@f‘e}xjeg lefibodfnMR! the FestirAS of Q4R i9dfthedyi £
the article is used, such as ‘'scratches, white spots, "and stai ns_which may

ari se 25 dOr isaparaiayfeachatimclodesiarssialpravided wittithe abdusadasenbedprismasd iant ages
O D LIVt o L e FORREAL a0l O QYRS JER  h
prior to application of this resin layer.
The invention also features a method of enhancing the brightness of a
uniform, diffusely-emitting, lighting device that includes placing the above-

15 described brightness enhancement article substantially parallel to a light-emitting
surface of the device. The invention further features a uniform, diffusely-emitting,
lighting device that includes the above-described brightness enhancement article.
Examples of preferred devices include back-lit displays such as back-lit liquid
crystal displays.

20 The invention provides a brightness enhancement article having a matte
appearance that exhibits good gain, wide viewing angles in both horizontal and
vertical planes, soft cut-off, and good abrasion resistance. The matte appearance
also helps mask cosmetic imperfections in the article, as well as the device with
which the article is used, such as scratches, white spots, and stains which may arise

25 during manufacture or installation.

Other features and advantages of the invention will be apparent from
the following description of the preferred embodiments thereof, and from the
claims.

Bref Description of the Drawings




clainms. Brief Description of the Drawings 2 WD 98/50806 PCTI US98/ 09278
FIG 1 is a cross-sectional view of a nmulti-I|layer brightness enhancenent
article. FIG 2 is a cross-sectional view of a nonolithic brightness
enhance ﬁd';,&cl e. 5 Description of the Preferred Enbodi penisesifeers
bri ght ness en ancenent article features a flexible, transparent base |ayer
and two distinct surfaces, each having a topography designed to act in
concert to performthe function of controlli ng the exit angles of |ight
emtted froma back- display where the article is placed substantially
paraIIEI to a I:ght emtting lit 10 surface of the article. The article
may take several forns. Referring to FIG 1, I s, shown a | ti-1ayer
bri ght ness enhancenerkl Garl tlﬁélcéosiée‘:%fla ¥eyy quaan FE@’@ bri h‘PF%%G“gu ement”
t ransparent bgeg | ayer 12 provided with two separate |ayers 14, 16 on
opposite surfaces of layer 12. Layer 12 is typically a thin, flexible,
pol yneric | ayer made FIG.2 isatcesssakctidial sisohofsmpablithihptighteessenbaitehehat e,
pol yrmet hyl et hacryl ate, or polycarbonate. The thickness of |ayer 12
p][ e}‘ erably |samfethe range of about 25 to about 500 nicrons. The thickness
o] ayer l4.preferably is in : " 50 microns. The
purpose of Tayer 14 is to pro\ﬁkgeﬁgﬁc?i oﬂﬁ?g?g ‘ff%‘ij‘%’%s"g??g?% To this 20
endf Iaye][ 14 i ncl ude];heﬁbrpg}un@ds|ehlyarmferrmhearmtesfea18rqzsra)ﬂeleiliengaxfsp@trcnt base
surface o er 14, As shown in FIG t hese eIe nts.ar r ef er abl
particles di sl\;éﬁ%%ﬂﬂi WP @stx%|syrrf§qqscea,cg§1@ﬁlng|§)ggﬁtb$r@g fieséﬁﬁetdafglaﬁt ‘;S‘éiot“f:%/,rlt es
include silic [ i ads.
Thetute S & e"?hai%ot'ﬂgefu&&il 3 ?ﬁg‘%‘?ﬁ“*@?““’é@m e Sb ASsht 3R ASH £ogad

lit dlsplay where the article is placed substantially parallel to a light-emitting

10 surface of the article. The article may take several forms. Referring to FIG. 1,
there is shown a multi-layer brightness enhancement article 10. Article 10 includes
a flexible, transparent base layer 12 provided with two separate layers 14, 16 on
opposite surfaces of layer 12.
Layer 12 is typically a thin, flexible, polymeric layer made of a material
15 such as polyethylene terephthalate, polymethyl methacrylate, or polycarbonate.
The thickness of layer 12 preferably is in the range of about 25 to about 500
microns.
The thickness of layer 14 preferably is in the range of about 1 to about
50 microns. The purpose of layer 14 is to provide a light-diffusing surface. To this
20 end, layer 14 includes a plurality of elements 18 protruding from the surface of
layer 14. As shown in FIG. 1, these elements are preferably particles dispersed in a
polymeric resin. Examples of suitable particles include silica, alumina, calcium
carbonate, and glass and plastic beads. The elements may also be in the form of
"bumps" formed from the resin itself or from a different material and deposited on
25 the surface of layer 14; an example of the former is commercially available from
A.G. Bayer of Germany under the trade designation "Makrofol."
The size, size distribution, and loading of elements 18 are selected to
provide a matte surface with light-diffusing ability, as indicated by the haze and

percent transmission of article 10 measured in the absence of layer 16 according to



"bunps” formed fromthe resin itself or froma different material and
deposited on 25 the surface of |ayer 14; an exanple of the forner is -
commercially available from A G Bayer of Germany under the trade

desi gnat | ) ofol." The size, size distribution, and | olqgt' e
el errents@(g%é%@géel ected to provide a matte surface with Iig /p-g%??b%%‘ﬁsi ng
ability, as indicated by the haze and percent transm ssion of article 10
nmeasured in the absence of |layer 16 according to - 3 WD 98/50806

PCT/ US98/ 09278 ASTM D- 1003-95 usi ng a Haze-Gard Plus haze neter
commercially available from Byk-Gardner of Silver Spring, MD. Preferably,

the haze is between about 20-60% and the percent transm ssion i s not
great er than AB®M Do10G3-25 usiog edHdzeabGand Rligs hael m&memercéaibfpamaﬁmle base

| ayer provided w Ia r, of . resi a ries of particle

pr ot r udi ng frgﬂ’\“ié’g"&ﬂf‘gﬁ rlﬁef%!%ﬂﬂw%MIS *Fé}gggy ey B%"?@k%%o“%l nc.

New Berlin, Wg. 69%%1@ th@?e%ﬁﬂ tﬂi}ﬁ}dx%on 15\t Btdafer thin A¥dlut 949¢e] | nexR Fi | nt
and "Marnot T"' Matte LexanR F In particular, the MarnotT' XL Matte

Mel i nexR Film i n gr adégicks fe}sznsé a(ﬁﬁxlldn,dramparau teae éaybeprovidsdwith ® be
sui t abl e. The thickness of e r s in the range of about
10 to abou'g50 yer ot ESR aV’IP&yaeﬁe"f% gB?’rg’cféﬁ Py H@‘ﬁ?@lf’mw FaFf4 to control
the angles atcyineRtially@qilaBRIfrdra TR, 16, Né@)B%rrhﬂ-W wegﬂ@rdeaguataml ayer
of polymer resin provided with a topograp y designed to ach i eve this

pur pose. Sui t Yhmot' ¥sXhMattecMeltivex Hisilm” and "Mﬂrymr P(zleMapcd@aem "Fibn. "aklr yl ate

and/ or net hacryl.at.e npn ™ ul ag [r | he
u.v.-pol yneri E%‘h ‘bl%&]ﬁec%osta %‘Mgﬁgﬁ\i e Eijfn g & tgtgg’ 5%@@ 326
acryl ate or ngUmsle\Hedh Eourfd t8-be stitdbldi br ono- 2- sec- butyI phenyl acryl at e), a
met hyl styrene nononer, a brom nated epox%/ di acryl ate, 2-phenoxyeth

(¢

acrylate, l&nd a hexaThmthmlqngmflayq;riémre tabdy h?anéhmang# af abyitil g derd OUtas
ol yrer s and PORgsraRT <8t peBk i torss T Wi i 1 aed SR e RERGE i T
herew th, whi g light &séhita@d Lagert It€is preferably a layer of polymer resin provided with a
topography designed to achieve this purpose. Suitable resins include the u.v.-
polymerized products of acrylate and/or methacrylate monomers. One particularly
15 preferred resin is the u.v.-polymerized product of a brominated, alkyl-substituted
phenyl acrylate or methacrylate (e.g., 4,6-dibromo-2-sec-buty! phenyl acrylate), a
methyl styrene monomer, a brominated epoxy diacrylate, 2-phenoxyethyl acrylate,

and a hexa-functional aromatic urethane acrylate oligomer, as described in Fong et

al., U.S.S.N. , entitled "Chemical Composition and Polymers and Polymeric

20 Material Derived Therefrom," filed concurrently herewith, which is assigned to the
same assignee as the present application and incorporated herein by reference.

The topography of layer 16 is characterized by an array of linear prisms
having blunted or rounded peaks 20 characterized by a chord width 22, cross-
sectional pitch width 24, radius of curvature 26, and root angle 28 in which the

25 chord width is equal to about 20-40% of the cross-sectional pitch width and the
radius of curvature is equal to about 20-50% of the cross-sectional pitch width.
The root angle ranges from about 70-110E, preferably from about 85-95E, with
root angles of about 90E being particularly preferred. The placement of the prisms

within the array is selected to maximize the desired optical performance. To this



sane assignee as the present application and incorporated herein by
reference. The topography of layer 16 is characterized by an array of

| i near prisns having blunted or rounded peaks 20 characterized by a chord
wi dth 22 sectional pitch width 24, radius of curvat d root
angl e 28 |85§i % the 25 chord width is equal to about 20- 0 %QKW9E
cross-sectional pitch wwdth and the radius of curvature is equal to about
20-50% of the cross-sectional pitch width. The root angle ranges from
about 70-110E, preferably from about 85-95E, with root angles of about 90E
being particularly preferred. The placenent of the prisnms wthin the array
is selected to maxi m ze the desired optical performance. To this 4 WO

98/ 50806 PCT/ bi‘ﬁﬂ&‘bﬂ&&?xﬂ)le ehel prisias nwyabqﬁrmngedtm formsnpluradiyy bEaltarnatinged t o
forma pl urality al terpa zones in eaks that are.spaced at
different di s_F%ﬁFé av %{hér g'ietspa%d@ af¥ 1gtgnces SramaAn F&’F%&gﬁce pl ane,
as described g &g& reASe &Eréférenc axega[a\'descrfb'eh%jw{dﬁn 8,9?8%“ tled

"Light Directing Fi'lm VI ng Variable Height 5 Structure ace @and Li ght
Di recting Arttﬁledmmsz reev edtnfrére'rleghblatréctmg Kihm iHavirgs Vagatdd Hegghithe sane
assignee as_t rese appli i and herepy i ncor t%&[ by ref er ence.
To reduce t?}egwg“[ﬁq yrfacsfan @%ﬁ?%%é@ﬁ@c tr%asﬁ' Oy e Y lb‘rsoups
of peaks may hg; arta@rteerm wh;ﬁe Ph L%t\r\s,rimﬁh AeSPoked in
b ot al ) BRERANS Uk stihethd 7 Aont R S A e SR

Pitch 10 Str uby wefecenCpt Toatduce Ittmq V1skalntyrofrnsoxmtegheﬂxce@atttm&%imeatss| ghee
as the present appl.i cation her eby .i.ncarpor ate eferenc The

t opogr aphy is8 ?8(8% @?%ﬁ%ﬁ%“ﬂ?{ﬁ@ﬁ?ﬂf‘h@é%}/t afgg‘cicﬁ‘ d 8t or di ng
to the procesggspdesicy lSGSiN' 08)691@73amed A;Brﬁlzpwmmhm "Nahbble®dRhand Lu,

U.S. Patent No. 5,183,597. Speci f ficall the resin conposition is contact ed
15 with a ﬂr&sSgncttue@rOpgcaéFrieg wihich lgfassmreeddeshfr saing agsigpea phihe présent esi n
conposition n_cur reto ultravi ol et radiation,
while in cont 3@?1 ‘tﬁ?f’ﬂaf’ﬂgefe%é‘?cé’rp?%te%% FETE98 desired topography to the

resin surface. The topography is preferably imparted onto the surface of the resin

according to the processes described in Lu et al., U.S. Patent No. 5,175,030 and
Lu, U.S. Patent No. 5,183,597. Specifically, the resin composition is contacted
15 with a master bearing a negative of the desired topography. The resin composition
is then cured, e.g., by exposure to ultraviolet radiation, while in contact with the
master to impart the desired topography to the resin surface.
The brightness enhancement article may also be in the form of a
monolithic article, as shown in FIG. 2. Specifically, brightness enhancement
20 article 30 features a flexible, base layer 32 having a pair of opposed surfaces 34,
36, both of which are integrally formed with base layer 32. Suitable materials for
layer 32 are the same as those described above in the case of layer 12 of multi-layer
article 10.
Surface 34 features a series of protruding light-diffusing elements 38.
25 These elements may be in the form of "bumps" in the surface made of the same
material as layer 32.
Surface 36 features an array of linear prisms having blunted or rounded
peaks 40 integrally formed with base layer 32. As in the case of article 10, these

peaks are characterized by a chord width 42, cross-sectional pitch width 44, radius



The bri ght ness enhancenent article may also be in the formof a nonolithic
article, as showmn in FIG 2. Specifically, brightness enhancenent 20 ’
article 30 features a flexible, base layer 32 having a pair of opposed

sur f aces yidog/afios POt h of which are integrally formed with hasfisbayshs32.
: 98/5U80 TRISOBYPIS o< .
Sui tabl e materi a?s for layer 32 are the sane as those described above in

the case of layer 12 of nmulti-layer article 10. Surface 34 features a
series of protruding light-diffusing elenments -:38. 25 These el enents nay be
in the formof "bunps” in the surface made of the same nmaterial as |ayer
32. Surface 36 features an array of |inear prisns having blunted or rounded
peaks 40 integrally formed with base |ayer 32. As in the case of article

10, these peefeyregtarecdinend retiapgls 48yinavhietothe chprsk widalpis eguakte-abeut 2Gnal
itch width 44, ' 5 98/ 5080 CI, 0927 f d
oot angl e 48 0% e FrofeERbs PTaR oAl Al BN s st it looof, ™"

cross-sect i onzd-5p%4 6fthwicelsk-sediionbhsitdhadidis The ot Madlel Fges fiefitdbout Po-about
20-50% of the cross-sectional pitch width. The root angle ranges from about

70- 11 CE, pr b0 an¢fprablyfromnbont 8590 pwithiredt angles oheksiue §0BbemBout 90E
being 5 paré'ﬁﬁ&é‘@hh%ﬁ%ﬁé&eﬂs inpﬁlelcgfet aé‘ga?qOOtfhe%iaFcleﬁlleﬁt}%fqg% éﬁ?m?l acement

of the prisns e array 1S select 0 haximzeée I'Ted optical

performance. Wwhaindhe hirayliddeldvbidrodnartlizd the desiRdoptibal peefoagamehy
characterizing surface 36 is not critical. One useful nolding process is
described in Benson eFhegparticulay rgethod|usgrbjosreate the topegraphyiehaeactenzingys

cri bed i : _ gk _
nd Mot hods. of PSRaPA Pay ety ne Seghiolibe lER Attt A8T ' 102

present appliU®R.500 8Miz2tdefijed Jnaer7p 0998, edtitlddy" Ulehdietible. Rdtroréfleetioase of
an article such as article 30, in which the surface hearing the prisns is

i ntegral w® nhCubeComss Gomposite Shestings and fipthqdsof Manufagturg o jwhich iy e

assigned to the same assignee as the present application and hereby incorporated
by reference.
In the case of an article such as article 30, in which the surface bearing
the prisms is integral with the base layer, the haze and transmission values are
15 measured by applying a material such as an index-matching oil to the peak-bearing
surface to fill in the "valleys” between the blunted or rounded peaks and thereby
render the surface substantially planar. Suitable oils have a refractive index
substantially equal to the refractive index of the surface. The haze and
transmission measurements are then made in accordance with ASTM D-1003-95
20 using the Haze-Gard Plus haze meter.
The invention will now be described further by way of the following
examples. All amounts are given in weight percent unless otherwise noted.
EXAMPLES
Example 1
25 R A photopolymerizable resin was prepared combining a brominated
epoxy acrylate (available from UCB-Radcure of Smyrna, GA under the designation
"RDX 51027") (52 parts) and 2-phenoxy-ethyl acrylate (available from Henkel
Corp., Ambler, PA, under the designation "Photomer 4035") (9 parts), and heating

at 100EC to soften the brominated epoxy acrylate, after which the two components



15 nmeasured by applying a material such as an index-matching oil to the
peak-bearing surface to fill in the "valleys" between the blunted or
rounded peaks and thereby render the surface substantially planar.

Sui tabl e oil ve a refractive index substantially equal

refractiv cnﬁﬁg % the surface. The haze and transnission¥%gg§ﬁ?gﬁ§%ts
are then nmade in accordance with ASTM D- 1003-95 20 using the Haze-Gard

Pl us haze nmeter. The invention will now be described further by way of the
following exanples. Al anounts are given in weight percent unless

ot herw se noted. EXAMPLES Exanple 1 25 A photopol ynerizable resin was
prepared conbining a brom nated epoxy acrylate (available from UCB-Radcure
of Snyrna, GAwenelarix¢dentddbiignbiekiome )Fk@wrmmval§at(lgﬁrOpaMoslpmhaolymer&

2- phenoxy-ethyl .a | at e .(ayai l abl e f.ro nkel,..COrR. l.er, . PA _under
t he designati ﬁﬁjacg;\%tfoé?i‘gpgsélgﬁ%” ea(s%nf)’;lf ’[T’s;,eas 5?@'3&‘3{’&%”5 ota et?’ a&%‘%}%o
soften the bremtrd 16RRYYardS Bldbromoat sed-bid ierdyhacryuie gaomeeeas s - 6
WO 98/ 50806 PCTI U_SQ)S(?OS?%Y were m xrend urﬁti IU?I ﬁi d.y N(gt)%’t Qngt hyl styrene
(avai | abl e fr dasavibedrieQlsag, {h$S.N. _Daenitledtilighdedaxcas Refraction Wi‘ﬂmm Il e,
PA as a 70: 30 s xture_ of ta- .and ra- J.soner 11 part

a6 di br omos 2 e eaictRnpP Bl PRNS ars fRATH e e HR0R 8 mresent on,
U S.S N _, enppli¢£dn aid®Rerdbydaorpbratief tyaretdrere)Mamopats) webe biehé@dd into the

concurrently herewith, which is assigned to the sane assignee as the

~present appl ifbad maxtusg dolievedly £ hexa-fucteeal apgmatis wietigae perylate pligamgr wer e
bl ended into the. id m r $2.0 - f ' bl thc
ur et hane acr yIt(g‘faélagelwé%nr}g}réé%%dgfl{ea@ e &8%@%%@8 udfégf\g%? ggﬁw%%g?ﬂabunder

t he desi gnat i @arts)FBA 23Riohid Buorpaurfiant A RGABONAVailEbled¥ s MinaedotMifing & 430"
avai l able from M nnesota M ni régé%‘# 10 Manufacturing Co., of St. Paul, M)

(0.3) and pRotNdamufesturing Coa of DD (9B 2 AhphatenifteR 2¢hés phi ne oxi de
avai | abl e fr O%%%lggm@l%ibﬂér{ﬁph@&ﬁne oxide available from BASF of Charlotte, NC

under the designation "Lucirin TPO") (3) were then added and mixed together for
at least 15 minutes, after which the mixture was heated in an oven at 60-70EC for
30 to 60 minutes.

15 The resulting composition was spread on the smooth side of a Tekra
Marnot™ XL Matte Melinex® 55 GU film (available from Tekra Corp., New
Berlin, WI) using a knife coater to yield a resin coating having a thickness of 25
microns. The coated film was then placed in contact with a master bearing a
micro-fine prismatic pattern. Next, the master and film were heated to 130EF, and

20 then passed under an ultraviolet lamp (300 watts/in®) at a speed of 20-25 ft/min. to
cure the resin and simultaneously replicate the prismatic pattern of the master on
the resin surface. Following cure, the coated film was separated from the master to

yield a product having a surface characterized as follows:

chord width : 16.8 microns

25 radius : 14.8 microns
root angle : 90 degree
pitch : 50 microns
chord width/pitch : 33.6%



under the designation "Lucirin TPO') (3) were then added and m xed together
for at least 15 mnutes, after which the mxture was heated in an oven at”
60- 70EC for 30 to 60 mnutes. 15 The resulting conpositi on was spread on

t he snoot ' f a Tekra -Marnot' XL Matte MelinexR 55 al [ abl e
from Tekr‘go%g}rgg?o? New Berlin, W) using a knife.coater to i e/*’ggg %@si n
coating having a thickness of 25 mcrons. The coated fil mwas then placed
in contact with a naster bearing a mcro-fine prismatic pattern. Next, the
master and filmwere heated to 130EF, and 20 then passed under an
ultraviolet lanp (300 watts/in2) at a speed of 20-25 ft/mn. to cure the
resin and sinultaneously replicate the prismatic pattern of the master on
the resin surface. Fol'Gani nefexsuo éhe matie oédmtlvigmmdsmﬁabaddbajimlwqudmtdt he

master to vyield a, product havi.n sur,f ce character,zed as f | | ows: . chord
Wath 6. % it onBeRDESealmune i Tethe iyt SObE dipfheRing s Hagf ok

pitch : 50 m GROfF. ?H@F'Gte%fgil{gﬂlé"hﬁhé’%gﬁ%twlﬁch %&8&598(&@1@@9&9&9&599278
"Gain" refers to the ratio of the brightness of a backlit dls&lay e ui pped

with a bright 5% knhmeasunel initoth the homeontal plannEss, mfa Illmﬁ pfiral éﬁythe onghe

absence of. _ the film .The,."view n e angl.e

on-axi s br| ahtaﬁégs B‘B%m?)&”\ggtﬁ’v}melgstur{]g ﬂgg'&s?r“ggtqeﬁs aﬁc?ﬂgn rfg )%ﬁf}éﬁ
plane (i.e., iRrigaP l%ﬂ@(l&arlma'pﬁinet&réé?ﬂlduw% ﬁxeﬂ&hgaﬁifs of lfilge PrignsdyB f ormi ng
one surface of the ffght ness enhancenent fil >r?l and the vertical plane

(i.e., in a plane pergéngriowrndrviewing laeglleangtha m ‘deretrh@aspreidmg ammipldimgai n
?:Sﬁol'cﬁé“i e i Bloreop T MR AR i e B AR T . SPERRCe,
equi pped W t h FRRarfdeRpequisgd Wik kIShaht Smdﬁbkl%hl ai%d(aa@a'np b/ aflable FFONPRAAD
10 Co. of Tokyo, Japan) as the backlighting source. The Conoscopic Measurement
Device provides a plot of gain versus viewing angle in both the vertical and
horizontal planes. The maximum slope of the curve provides a measure of the

"softness” of the brightness cut-off, with smaller slopes being desirable. The

results are as follows:

15 Gain ) : 1.30
View Angle (Vertical) : 37.0E
View Angle (Horizontal) : 51.9E
Max. Slope (Vertical) : 0.0576 gain/E
Max. Slope (Horizontal) : 0.0612 gain/E
20
Example 2

A film was prepared according to Example 1 except that the film was a
25 Tekra Mamot™ XL Matte Melinex® 20 GU film. Following cure, the film was
separated from the master to yield a product having a surface characterized as
follows:
chord width : 10.4 microns

radius : 10.5 microns



10 Co. of Tokyo, Japan) as the backlighting source. The Conoscopic

Measur enent
the verti cal

Devi ce provides a plot of gain versus view ng angle in bot
and horizontal planes. The maxi num sl ope of the curve
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ing desirable. The results are as follows:

View Angle (Vertical) : 37.0E View Angle (Horizontal) : 51.9E Max. Slo

(Vertical)

0.0576 gain/E Max. Slope (Horizontal) : 0.0612 gain/E 20
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Exanple 2 A filmwas prepared according to Exanple 1 except that the film
was a 25 Tekra Marnot" XL Matte MelinexR 20 GU film Follow ng cure, t
filmwas separated fromthe naster to yield a product having a surface
characteri zed as foltoowanglehord w dt:h : JRI)dbgmecrons radius : 10.5

mcrons - 8 WD 98/508 6 PCT/ US98/ 09278 r.00t an : 90 degree pitch :
mcrons chord wi dt h/Pi¥ch : 20.8% 5 ‘The g"g sgvm ng

angl es, and nmaxi

sl ope of the gain vergisq WagWwitg angl e plmg%ere determ ned as describ
above. The results are as foll'ows: Gain : 1.28 View Angle (Vertical)
37.4E View Angle (Horizontal) : 53.2E
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20

The gain, viewing angles, and maximum slope of the gain versus

viewing angle plot were determined as described above. The results are as follows:

Gain : 1.28

View Angle (Vertical) : 37.4E

View Angle (Horizontal) : 53.2E

Max. Slope (Vertical) : 0.0495 gain/E
Max. Slope (Horizontal) : 0.0584 gain/E

Other embodiments are within the following claims.

For example, the article may feature a base in which the blunted or
rounded peaks are integrally formed with the base and the matte surface is
provided in the form of a separate resin layer on the base. Alternatively, the matte
surface may be integrally formed with the base and the peak-bearing surface
provided in the form of a resin layer.

The brightness enhancement article may be combined with one or more
additional brightness enhancement articles. Such additional articles may be the
same or different from the original article. For example, the article may be
combined with a second brightness enhancement article having prisms terminating

in pointed peaks, rather than a rounded or blunt peaks.

he

50
nmum
ed



10 Max. Slope (Vertical) : 0.0495 gain/E WMax. Slope (Horizontal) : 0.0584
gain/E Qher enbodinents are within the follow ng clains. For exanple, the
article my feature a base in which the blunted or 15 rounded peaks are

i nt egrallxv(;gglgﬂg LW th the base and the matte surface is pr:ﬁé’-}/g?ﬁois»f'yat he _
formof a separate resin layer on the base. Alternatively, the Hat e '

surface may be integrally fornmed with the base and the peak-bearing surface
provided in the formof a resin layer. The brightness enhancenent article
may be conbined with one or nore 20 additional brightness enhancenent
articles. Such additional articles may be the sanme or different fromthe
original article. For exanple, the article may be conbined with a second
bri ght ness enhancenment Warat isgll@medus:ng prisns terminating in pointed peaks,
rat her than a rounded or blunt peaks. 9 WD 98/50806 PCT/US98/09278 What
is clained is: 1. A brightness enhancenent article conprising: (a) a

transparent, flexible pubstpafnfest BhhahokinkAlarfiBle@onihislice comprising an

array of linear prisnms having unted or rounded pea racteri zed by a
chord wi dth, cross-secfa)atrahsparerehflexibltsupstaatet r adi us of curvature in which

t he chord wiglth IS equ(f%l) 30 abaut 22-40% of . the cross-lsecti onal , pi.t ch
width and the radius of®) &P dPHPESYLacs fOMPTISREANATTAY RS linggeprasms hayving

cross-sect i onabluptddcdt rdiustied; pealRélchdPadténized NELHd FREM! co¥s-E5&%Rnal pitch
characterized by a plurality of light scattering profrusions, said article
havi ng a haze wadtheansknadiveof ahyature in ebichethel chordiwidtisisiegualan abantZ9-48%
g eater L hen oheHl TR SRR SR o 6RR s AFD Eah
50% of the cross-sectional pitch width; and
10 (c) a second major surface characterized by a plurality of light
scattering protrusions,
said article having a haze value between about 20-60% and a
transmission value no greater than about 94% when measured under conditions in
which said first surface has a substantially planar topography. |
15
2. A brightness enhancement article according to claim 1 wherein
said prisms are characterized by a root angle ranging from about 70E to about

110E

20 3. A brightness enhancement article according to claim 1 wherein

said prisms are characterized by a root angle ranging from about 85E to about 95E.

4. A brightness enhancement article according to claim 1 wherein

said prisms are characterized by a root angle of about 90E.
25

5. A brightness enhancement article according to claim 1 wherein

: said second major surface is integral with said substrate.

6. A brightness enhancement article according to claim 1 wherein

- 10 -



15 2. A brightness enhancenent article according to claim1 wherein said
prisns are characterized by a root angle ranging fromabout 70E to about
110E 20 3. A brightness enhancenent article according to claiml wherein

said pri %9§,g@05har acterized by a root angle rangi ng from gdfukesifprrg 0
about 95E. . A brightness enhancenent article according to claim!l

wherei n sai d prisns are characterized by a root angle of about 90E. 25 5.
A brightness enhancenent article according to-claiml| wherein said second
maj or surface is integral with said substrate. 6. A brightness enhancenent
article according to claiml wherein 10 WD 98/50806 PCT/US98/09278 said

second maj or surface is defined.b | ayer conprising a resin provided, on
said substraf@d sgcond rﬁwpgmrﬁaéggs dofi el CrAmRIING R ESHRIPTOY 4 1 i 6
wherein 5 saigdl.ght scattering protrusions conprise particles dispersed
in said resin. 8 A brightness enhancenent article according to claim6
wherein said light scattering protrusions are integral with sald resin

| ayer. 10 9. A brightpess enhancenent article accordi Ial wherein
said first major surféce i r}%ﬁ?séle“l?\ﬂcﬁ”@%%lnglﬁt?&?g?%g tofga b‘thbq’ﬂ ness

enhancement a%&xldq g‘ﬁt ?&‘&%H# pﬂnﬁem%%m %s%"pgi}?leg gi %@fsgdfu'l E%H r&h Or surface

is defined yer conprising a resin th sal 15 prisnms. 11.

A bri ght ness enhancenent article conprising: (a) a transparent, flexible
substrate; (b) a firsg majaqr rface defined by | a conpr.ising a.resin
pr ovi ded ( ) g J brlgLLtness enhancement a.rYncIae accgr%igng to claim é w?xerem

said light scattering protrusions are integral with said resin layer.

10 9. A brightness enhancement article according to claim 1 wherein

said first major surface is integral with said substrate.

10. A brightness enhancement article according to claim 1 wherein
said first major surface is defined by a layer comprising a resin provided with said

15 prisms.

11. A brightness enhancement article comprising:
(a) a transparent, flexible substrate;
(b) a first major surface defined by a layer comprising a resin provided
20 on said substrate,
said first major surface comprising an array of prisms having blunted or
rounded peaks characterized by a chord width, cross-sectional pitch width, and
radius of curvature in which the chord width is equal to about 20-40% of the cross-
sectional pitch width and the radius of curvature is equal to about 20-50% of the
25 cross-sectional pitch width; and
(c) a second major surface defined by a layer comprising a resin
provided on said substrate,
said second major surface comprising a plurality of light scattering

protrusions,

- 11 -



20 on said substrate, said first major surface conprising an array of
prisnms having blunted or rounded peaks characterized by a chord w dth,
cross-sectional pitch width, and radius of curvature in which the chord
width is about 20-40% of the cross- sectional pit i and the
radi us ofﬁgg%{é&?gre is equal to about 20-50% of the 25 cr oglts}ﬁgéggts:;bc%%}aﬁl
pitch width; and (c) a second major surface defined by a |ayer conprising a
resin provided on said substrate, said second major surface conprising a
plurality of light scattering protrusions, - 11 WD 98/ 50806

PCT/ US98/ 09278 said article having a haze val ue between about 20-60% and a
transm ssion value no greater than about 94% when neasured under conditions
in which said first sadfagide hawngadapsvaline betwegn pban20-¢03pend aphy. 5 12. A

bri ght ness enhancenent article accqrdi tooclaimi1l wherei,n said prisns
ar e char act or F2II 0% VRS 1o gisRer fian By g mshstras g updct apBftion g
13. A bright n@&ﬁclﬁ%@&ﬁ@ﬁ@ﬁﬂhcsﬂﬁdslﬁ@sﬁﬁﬁﬂ[ﬂplﬁ_ﬂaﬁt@?d‘érﬁﬁm11 wherein 10 said
prisnms are characterized by a root angle ranging from about 85E to about

O5E. 14. A brightness enhancenent article according to claiml | wherein

said prisnmscare characterized. roet angl f . about,. 90FE. . 1 5.+.A net hod
of enhanci ngsg the bri gﬁ%‘neség?%ngsﬁi o%nn%%“%flf?‘%gleele\?g&g%ﬂgt?icﬁadg |‘6’H rfnﬁlg
devi ce having saidlﬁrgh{se@ethirhaﬁmﬁya@eootaa%lé ril RO ffodHRnt BOBE 4oaci Ng a
bri ght ness enhancenent article substantially parallel to said
light-enmittindl9Erface, said article conprising: 20 (a) a transparent,

fl exi bl e substrate;

13. A brightness enhancement article according to claim 11 wherein

10 said prisms are characterized by a root angle ranging from about 85E to about 95E.

14. A brightness enhancement article according to claim 11 wherein

said prisms are characterized by a root angle of about 90E.

15 15. A method of enhancing the brightness of a uniform, diffusely-
emitting, lighting device having a light-emitting surface,
said method comprising placing a brightness enhancement article
substantially parallel to said light-emitting surface,
said article comprising:
20 (a) a transparent, flexible substrate;
(b) a first major surface comprising an array of prisms having blunted
or rounded peaks,
said peaks being characterized by a chord width, cross-sectional pitch
width, and radius of curvature in which the chord width is equal to about 20-40%
25 of the cross-sectional pitch width and the radius of curvature is equal to about 20-
50% of the cross-sectional pitch width; and
(c) a second major surface characterized by a plurality of light
scattering protrusions,

said article having a haze value between about 20-60% and a

- 12 -



(b) a first major surface conprising an array of prisns having blunted or
rounded peaks, said peaks being characterized by a chord w dth,
cross-sectional pitch wdth, and radius of curvature in which the chord
W dth is ¢y ad/sdses about 20-40% 25 of the cross-sectional pigehusgys@birgand
the radius of curvature is equal to about 20- 50% of the cross-sectional
pitch wwdth; and (c) a second major surface characterized by a plurality of
light scattering protrusions, said article having a haze val ue between
about 20-60% and a 12 WD 98/50806 PCT/US98/09278 transm ssion value no
greater than about 94% when neasured under conditions in which said first
surface has a substantially pl anar topography. 16. A nethod according to
clai m 15 conpr {rapspisgipa vplvg negrepter than gbaui 94% whermmeastrad uadericepditions in

substantial ly k3l lLight-em tti rfac fi, a back-lit display
device. 17. A er&'%’o%ﬁgg%:sg? |aﬁc§ @%Qé@%t@@%&%p%ﬁﬁ%o%éfpp acing said

bri ght ness enhancenent article substantially parallel to the light-emtting
surface of 10 a back-lit liquid crystal di sgliay device. 18. A device

conprising: (a) a unifbtm Adimethedageasdingtte § m|1i5g4¢mmgsi@nla@i@gﬁ@id: ng? ;
li aht - . . ) . i ’ arti
subst ant1 al 15 BBE & haflhehPafddls ogh iy Ga e A AR n fine i falef

enhancenent ar hibatleliconRplaydevige. (i) a transparent, flexible substrate,
(ii) a first major surface conprising an array of prisns having 20 blunted
or rounded peaks characterized by a chord width, cross-sectional pitch

17. A method according to claim 15 comprising placing said
brightness enhancement article substantially parallel to the light-emitting surface of

10 aback-lit liquid crystal display device.

18. A device comprising:
(a) a uniform, diffusely-emitting, lighting device having a light-emitting
surface; and
15 (b) a brightness enhancement article placed substantially parallel to said
light-emitting surface,
said brightness enhancement article comprising:
(i) a transparent, flexible substrate;
(i1) a first major surface comprising an array of prisms having
20 blunted or rounded peaks characterized by a chord width, cross-sectional pitch
width, and radius of curvature in which the chord width is equal to about 20-40%
of the cross-sectional pitch width and the radius of curvature is equal to about 20-
50% of the cross-sectional pitch width; and
(iii) a second major surface characterized by a plurality of light
25 scattering protrusions,
said article having a haze value between about 20-60% and a
transmission value no greater than about 94% when measured under conditions in

which said first surface has a substantially planar topography.

- 13 -



wi dth, and radius of curvature in which the chord width is equal to about
20-40% of the cross-sectional pitch width and the radius of curvature is”
equal to about 20- 50% of the cross-sectional pitch width; and (iii) a
second Mgy ace characterized by a plurality of |ight Lering
pr otrusirrg*l(g?s@g% article having a haze val ue between aboufciéj-ségg/ézg%d a
transm ssion value no greater than about 94% when neasured under conditions
in which said first surface has a substantialdy planar topography. - 13
WO 98/ 50806 PCT/ US98/ 09278 19. A device according to claim 18 wherein said
lighting device is in the formof a back-lit display device. 20. A device
according to claim 18 wherein said lighting device is 5 in the formof a
back-lit liquid crystt?. di dpdexicedsoordmg to claim 18 wherein said lighting device is

in the form of a back-lit display device.

20. A device according to claim 18 wherein said lighting device is

5 inthe form of a back-lit liquid crystal display device.

- 14 -



