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perform Accordingly, there is a need for a light diffusive filmthat can

be manufactured.using.a sinplifje rocess wi.thout utjlizi .
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Accordingly, there is a need for a light diffusive film that can be manufactured using a

simplified process without utilizing polystryene beads or an acrylate solution.
BRIEF DESCRIPTION OF THE INVENTION

A light collimating and diffusing film in accordance with an exemplary embodiment
is provided. The film includes a plastic layer having a first side and a second side
opposite the first side and at least a first peripheral edge. The first side has a first
textured surface, wherein between 7 to 20 percent of slope angles on the first textured
surface proximate a first axis has a value between zero and five degrees. The first
axis is substantially parallel to the first peripheral edge. The plastic layer collimates

light propagating therethrough.

A method for manufacturing a light collimating and diffusing film in accordance with
another exemplary embodiment is provided. The method includes extruding heated
plastic through a die to form a plastic layer. The plastic layer has a first side and a
second side opposite the first side and at least a first peripheral edge. The plastic
Jayer extends along both a first axis and a second axis. The first axis is substantially

parallel to the first peripheral edge. The second axis is substantially perpendicular to



parallel to the first peripheral edge. The second axis i substantially
perpendi cul ar tothe first axis. The nmethod further includes cooling at
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another for receiving the plastic layer. The system further includes a cooling device
configured to cool at least one of the first and second cylindrical rollers below a
predetermined temperature. The first cylindrical roller contacts the first side of the
plastic layer and forms a first textured surface on the first side of the plastic layer.
The second cylindrical roller contacts the second side of the plastic layer, wherein
between 7 to 20 percent of slope angles on the first textured surface proximate the

first axis have a value between zero and five degrees.

A method for manufacturing a light collimating and diffusing film in accordance with
another exemplary embodiment is provided. The method includes heating a plastic
Jayer having a first side and a second side. The plastic layer has a first side and a
second side opposite the first side and at least a first peripheral edge. The plastic
layer extends along both a first axis and a second axis. The first axis is substantially
parallel to the first peripheral edge. The second axis is substantially perpendicular to
the first axis. The method further includes heating at least one of the first and second

cylindrical rollers above a predetermined temperature. The method further includes
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and forms a first textured surface on the first side and the second cylindrical roller

contacts the second side of the plastic layer, wherein between 7 to 20 percent of slope
angles on the first textured surface proximate the first axis have a value between zero

and five degrees.

A tool for forming a textured surface on a light collimating and diffusing film in
accordance with another exemplary embodiment is provided. The tool includes a
cylindrical portion disposed about a first axis and having an external textured surface
and first and second ends. The cylindrical portion further includes a first line
disposed proximate the external textured surface extending substantially across the
cylindrical portion substantially perpendicular to the first end. The cylindrical portion
further includes a second line extending around a periphery of the cylindrical portion
substantially a predetermined distance from the first end. The external textured
surface has a plurality of projecting portions and a plurality of trough portions,
wherein each projecting portion extends outwardly from at least one adjacent trough
portion. The plurality of projecting portions and the plurality of trough portions
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di sposed proximate the external textured surface extending substantially
across the cylindrical portion substantially perpendicular to the first

end. The wylwewnimal portion further includes a second lprmasecs@rsbing
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7 to 20 percent of slope angles on the textured surface proximate the first line or the

second line have a value between zero and five degrees.

A method for forming a textured surface on a cylindrical roller in accordance with
another exemplary elﬁbodilnent is provided. The cylindrical roller is disposed about a
first axis and has an external textured surface and first and second ends. The
cylindl;ical roller further includes a first line disposed proximate the external textured
surface. The first line extends substantially across the cylindrical roller substantially
perpendicular to the first end. The cylindrical roller further includes a second line
extending around a periphery of the cylindrical portion substantially a predetermined
distance from the first end. The method includes rotating the cylindrical roller at a
predetermined rotational speed about the first axis in an electrolyte fluid. The
cylindrical roller is electrically grounded. The method further includes applying a
predetermined current density to the electrolyte fluid wherein metal ions in the fluid

bond to the outer surface of the cylindrical roller to form the textured surface, wherein



cylindrical roller further includes a first line disposed proximte the
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enbodi mensuifacepreximatsthe fiygl lmg qrﬁg‘? SR HB? ﬁ%‘fe  ¥ayf 558”58% gﬁ’oi{r}? a first

axi s and tagézljeggg an external textured surface and first and second ends. The
A method for forming a textured surface on a cylindrical roller in accordance with -
another exemplary embodiment is provided. The cylindrical roller is disposed about a
first axis and having an external textured surface and first and second ends. The
cylindrical roller further includes a first line disposed proximate the external textured
surface. The first line extends substantially across the cylindrical roller substantially
perpendicular to the first end. The cylindrical roller further includes a second line
extending around a periphery of the cylindrical portion substantially a predetermined
distance from the first end. The method includes rotating the cylindrical roller at a
predetermined rotational speed about the first axis. The method further includes
applying a dielectric fluid on the cylindrical roller. The method further includes
iteratively discharging an electric spark from one or more electrodes disposed
proximate the cylindrical roller. The electric spark contacts the outer surface of the
cylindrical roller that heats and melts a predetermined amount of metal on the
cylindrical roller to form the textured surface. The electric spark is moved from the
first end to the second end of the cylindrical roller during the rotation of the
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cylindrical roller further includes a first line disposed proximte the
external textured surface. The first |ine extends substantially across the
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7 to 20 percent of slope angles on the textured surface proximate the first line or the

second line have a value between zero and five degrees.

A method for forming a textured surface on a cylindrical roller in accordance with
another exemplary embodiment is provided. The cylindrical roller is disposed about a
first axis-and has an external textured surface and first and second ends. The
cylindrical roller further includes a first line disposed proximate the external textured
surface. The first line extends substantially across the cylindrical roller substantially
perpendicular to the first end. The cylindrical roller further includes a second line
extending around a periphery of the cylindrical portion substantially a predetermined
distance from the first end. The method includes coating the cylindrical roller with a
chemically resistant layer, wherein the chemically resistant layer is removed at
predetermined locations to expose the underlying cylindrical roller surface at the
predetermined locations. The method further includes rotating the cylindrical roller at
a predetermined rotational speed about the first axis in a container containing an
etching solution. The etching solution removes portions of the cylindrical roller at the
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7 to 20 percent of slope angles on the textured surface proximte the first
line or the second |ine have a val ue between zero and five degrees. A
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exenpl ary enbodi nent | rovided. The ckel Vi 1 a light
sour ce. Tﬁ%gqbﬁsa@kﬂﬁ %’ﬁ{ %&RH%%F ey (t’)ﬁléqlr%%l %g] I gtﬁ %gésqgwg Fag%at?&gh%&g ?%805 ed

pr oxi mat e i avé Hehtbess He st £9¢ béiag sibstamgally ghiallélrtonhd Aisst pegptterd @igge. The
back |ighted device further includes at |east one plgztic | ayer having a
first sidaharein theplastinipyer endlispiss dighiepropagating theredigaging at i east a first

peri pheral -edge. The first side has a first textured surface, wherein

bet ween 7 4t q%%%P c%ﬂfrﬁﬁﬂ}gh Qhd s('ii%ﬁpggﬁ 1§Sin08cdoi@nké Mwith t it eekemplargce

t
proxi mate a first axi s have a va etween zero and five degrees, "the
first axi smbedingns isopboaitedalThe filar aldueles ramitary hayerswherein piceten thaadye,

Tant Col FRYLD NG BREETUIOF AU GORF [3h Ph LB AR GO HTERS ABLr B8l ary
compound. The unitary layer has a first side and a second side opposite the first side
and at least a first peripheral edge. The first side has a first textured surface, wherein
between 7 to 20 percent of slope angles on the first textured surface proximate a first
axis have a value between zero and five degrees. The first axis is substantially
parallel to the first peripheral edge. The plastic layer collimates light propagating
therethrough.

Other systems and/or methods according to the embodiments will become or are
apparent. to one with skill in the art upon review of the following drawings and
detailed description. It is intended that all such additional systems and methods be
within the scope of the present invention, and be protected by the accompanying

claims.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is an exploded view of a back lighted device in accordance with an

exemplary embodiment;



enbodi ment is provided. The filmincludes a unitary |ayer wherein greater
than or equal to 80 percent of a total mass of the unitary |ayer conprises
a pol ycarwonadsigmapound. The unitary layer has a first peirads2@s@d2:%99 second
i de opposite the first side and at |east a first peripheral edge. The first
side has a first textured surface, wherein between 7 to 20 percent of sl ope
angles on the first textured surface proximate a first axis have a val ue
bet ween zErzuradi a‘ﬂ&md‘é‘g@feee}sqﬂlmh@f‘ﬂiﬁggﬁk hshted devieqafdtigwi€ilal |y parallel to
the first peripheral edge. The plastic |ayer collimates |ight propagating

theret hr ough, . G NEL SYSLERANAfindlR! OGS e CRthfithe! thd RrRTROGLTTENt &

wll beco are appare 0 one wth ski I'n the~art upon review of the
f ol | owi ngugnasd ingBe Bawk ligtal detcedefSipinetli mnaccotdanee with @nctber exeatplayl such
additional systens and nethods be within the scope of the present

i nvent i onemMRANSEL pr ot ect ed by the acconpanying cl ai ms. BRI EF DESCRI PTI ON
OF THE DRAWNGS Figure 1 is an exploded view of a back |ighted device in

accor dance; it 1 Ay ereRThANy STROIIEEBi LAY Dny ffond sSERRTBE i Réhia

portion o e ba ghte ce of Figure 1; Figure 3 is a
cr 0ss- sectolbinalting ehdddfusmgdiima | i ght collimating and diffusing film
utilized in the back lighted device of Figure 1 in a¢cordance w th another

exenpl ary_enbodi.ment; FEigqure 4 .is a graph.indi [ i j.bution
on a1 onFIBEY Pt 1P YRR v rinitet R AR e Ba, PR GhEL R 27
a top vi ewe@ﬁnﬁi@g glaﬁg&%@g dik@blesn;i | | ustrating exenplary trajectories for
determ ning a slope angle distribution; Figure 6 is a top view of a |ight

collimating and diffusing filmil]ustrating. exe ry traj.ectories for
det er i ni ﬁ?ggtﬁe §Ii$)péf_>thQW20fcﬁ light icplkmaiing apﬂ,gla&@ np}ng’} équB'ﬁh% E’W"Hﬁa"é(
cylindri C%Jaje[gﬁ%lgi{eggcg:fieiegﬁirﬁﬁééggpgmhg{%ﬁﬁ)ﬁﬂ ectories for determning a

sl ope angle

Figure 7 is a top view of a cylindrical roller illustrating exemplary trajectories for

determining a slope angle distribution;

Figure 8 is a top view of a light collimating and diffusing film illustrating exemplary

trajectories for determining a slope angle distribution;

Figure 9 is a schematic of a melt calendaring system for manufacturing a light

collimating and diffusing film in accordance with another exemplary embodiment;

Figure 10 is a schematic of an embossing system for manufacturing a light

collimating and diffusing film in accordance with another exemplary embodiment;

Figure 11 is a schematic of an energy beam engraving system for obtaining a textured

surface on a cylindrical roller in accordance with another exemplary embodiment;

Figure 12 is a schematic of a textured surface on a cylindrical roller obtained using

the energy beam engraving system of Figure 11;

Figure 13 is a schematic of a textured surface on a light collimating and diffusing film

obtained using the cylindrical roller of Figure 12;



Figure 8 is a top view of a light collimating and diffusing film
illustrating exenplary trajectories for determning a slope angle

di stri butworpodrilgwee 9 is a schematic of a nelt cal endarcmgissystesswd or
manufacturing a light collimting and diffusing filmin accordance with
anot her exenpl ary enbodi nent; Figure 10 is a schematic of an enbossing

system for manufacturing a _|ight collinmating adgd di.ffusiefr][gff i bg‘l i.n
accor danciigwietli4 iaasehearatievd aprHicle BWgBeIAIERCOo-depYT e sypteption ot i ¢ of

an energy. l?eex MENGLAYL NP 5 iﬁﬁ?iéa?.rroﬁg &l RLQFddhck ew itk RdiRH dkamplapy a

cylindri chIrolter i'n accordance with anot her exenpl ary enbodi nent; Figure
12 is a sghiegmmest; of a textured surface on a cylindrical roller obtained
usi ng the energy beam engraving systemof Figure 11; Figure 13 is a

schematic_of a textured surface on.a light coll.inpatin n ' png film
obt ai ned kigPregl ed 8Spemas iof élte’ftBTeldesrm% o= ﬁu(\ryim@?qj—’ir tljerafeoq’i%h%({sﬂghgc hemati c
of a p‘art{h‘éggﬂﬁ’@ang%@tbl bR Bo-HepELARASIyk e OfBigkBMUf Or obtaining a textured
surface on cylindrical roller in a¢cordance w th anot her exenpl ary

enbodi ment; Figure 15 is a schematic of a textured surface. gon.a | i ndrical
ideii%!ﬁ‘xﬂ%’g

rol | er obFigimeekb ingisckenediis qfartextored sarfacemn alighteellupatmngswd em of

Figure 14;. Figure 16 is..a,sche i extured surface on a |light

col li mati ?R}al&g‘ﬁum quhadl?ciaﬁl{ﬁquei‘)?g}:%r aluséi ng the cylindrical roller of
Figure 15; Figure 17 is a schematic of a netal ion deposition systemfor
obt ai ni NgF@uteX? i edcidnidtircsl ®metal dyh idepositial systdnh dor obtaiatngor tatured wi t h
anot her exenplary enbodinent; Figure 18 js a chemati' c of. a,.m cro-machini ng
engr avi ngsuipse emaicylinginahakieniy agCordanes, with %‘Eﬂtﬁ%&%e‘ﬁﬂ aty ePSdimerGal rol | er
in accordance with anot her exenplary enbodinent; Figure 19 is an enl arged

front viewaf. agGUt sGmGROlof Yl HidréGhadhthihd @ngMein@Mysfent f@Ubttaihig ki gure 20
is an enlarged side view of the cutting cool utilized in the system of
Fi gure 18textured surface on a cylindrical roller in accordance with another exemplary

embodiment;

Figure 19 is an enlarged front view of a cutting cool utilized in the system of Figure

18;

Figure 20 is an enlarged side view of the cutting cool utilized in the system of Figure

18;

Figure 21 is a schematic of chemical etching engraving system for obtaining a
textured surface on a cylindrical roller in accordance with another exemplary

embodiment;

Figure 22 is an enlarged cross-sectional view of a portion of the cylindrical roller

utilized by the system of Figure 21; and

Figure 23 is a schematic of an electric discharge engraving system for obtaining a
textured surface on a cylindrical roller in accordance with another exemplary

embodiment.



Figure 2 1 is a schematic of chem cal etching engraving system for
obtaining a textured surface on a cylindrical roller in accordance with
anot her ewerpécany7oenbodi ment; Figure 22 is an enl arged ecoas2@sobiconal view
of a portion of the cylindrical roller utilized by the systemof Figure 2
1; and Figure 23 is a schematic of an electric discharge engraving system
for obtaini %gﬂa textured surface on_a Cﬁél indrical roller in accordance with

anot her eREAPILED RIEHRIFREAN OEFTARE BHVBESERNPTI ON OF THE 1| NVENTI ON

:?_efe_r(rji ng to Figures 1 and 2, a back |ighted device 20 for illumnnating a
i quid cr R 6€, bR HRAMideD0 ot HRLKiRkALE: » THad kARl | | ght ed
devi ce ZOK?%@néﬁgs %lﬁFl gﬁ%{a s’ouéce 12%‘ a rzadfe ect%)irJl fllfﬁl at g\ﬁ?|%ﬁt gwgde
26I ahl i gdiu;qi)lapkibww(ndnghmm) idiildstraiedg ThielbariR B ghtad Ideyhe 26 ahdlideatai light f i | m 30,
alight collimati

li ght sou?‘&’écaz%»lasrgﬂfl l ]g‘ézé’? ngga l I‘?eh%% lbghQ%ﬁg nﬁ“{]‘ﬁtanétﬁlﬂﬁmégﬁ?ﬁ@urz Egr,

the refl esg ony;dnk LoMidthtihg fitth SBOS Bkt BN BARS, lah b 1EhO@ fltertia 34.ght
gui de 26. A f}égj sllﬁfjgle1 (g)f1 t he Ilght colllﬂ%at?ng gnd dilgffum ner fil mg8 is

di sposed Aschowmtthe Hgltewor 22iiddispbsadras al ﬁrgtmndg(lfl tb@h@@ gnde 76 Fpheed apart

[rom e LA 85 30,00k e RSRASy B % oTHE ROkRP5p Oty m an

col l'i mati gge Bf {h@h%% b(ﬁhﬂiaﬁﬂg)&ﬂﬂdlﬁlﬁl@m% FRMnE2 s ﬂ@@@ﬁ&dl poxienatd a ﬁéa;end kidm 28
Finally, the |light” collimting film32 is d|sFosed I‘OXI mate the lig

col | i mat i nfytht light @6deadel andis spafgaﬁtapmffﬁfoasth@dlah gwfiel ‘ugllalmgﬁegtééﬁp}%xu mat e

the light colli
propagatl epﬂsrtggé’higftnﬁat a1 E'(? gtgkfegnﬂgGﬁ%ﬁ ﬁ%pi l‘)ﬁh‘dth co |IrTB.tI ng and
di f f usi ng1ifht! JMIABatimgl ﬁlnﬂ@@vlsb@s@wd ptdiedate'ﬁmecdndgshde sbthecfémZZB efinalty,a | i ght

beam 42 t hat propagatesthrou h the lig 6 and is r th
t owar d anthedight sqllimpsing; ﬂllk%kst%lﬁﬂqsﬁ‘i PKPXHB hd?ﬂl npghng ﬁ%ggtﬁn acee(rn(ca a

the 1ight g cﬁ?d&ﬁsm& 4418 418k PEAMAZHEx 1Scoﬁ1hﬁatkﬂg9ﬂﬂha gui de 26 and the

air gap 4 eam racted away fromthe axis 44 at
approxi mately 45 degrees When the |ight beam 42 enters the |ight
col | i mat i ye patl ofiahfensmplyry lighht28n rropaghiihgrflegugh both the light guide 26 and

the light collimating and diffusing film 28 will now be explained. The light source 22
emits a light beam 42 that propagates through the light guide 26 and is refracted
therein toward an axis 44 that is substantially perpendicular to a top surface of the
light guide 26. When the light beam 42 exits the light guide 26 and the air gap 40, the
light beam 42 is refracted away from the axis 44 at approximately 45 degrees. When
the light beam 42 enters the light collimating and diffusing film 28, the film 28
refracts the light beam 42 toward the axis 44. Thereafter, when the light beam 42
exits the film 28 to light beam is refracted away from the axis 44 at approximately 31
degrees. Thereafter, the light beam 42 enters the bottom side of the light collimating
film 30 at a 31 degree angle relative of the axis 44 and propagates through the film 30.
The film 30 refracts the light beam at a top surface thereof to a zero degree angle
relative to the axis 44. Because the light beam enters film 32 at a zero degree angle

relative to the axis 44, the film 32 provides a relatively high luminance along axis 44.

Referring to Figures 2 and 3, the light collimating and diffusing film 28 will now be
explained in greater detail. The film 28 is utilized to refract light beams toward the

axis 44. The film 28 is constructed from a unitary plastic layer having a thickness in a
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refracts the |light beam 42 toward the axis 44. Thereafter, when the |ight
beam 42 exits the film28 to light beamis refracted away fromthe axis 44
at approxwoeb@ly4®91l degrees. Thereafter, the |ight beawmcd@isessersod he
bottom side of the light collimating film30 at a 3 1 degree angle relative
of the axis 44 and propagates through the film30. The film30 refracts the

| ight beamat a top surface thereof to a zerﬁo gggreebfan | e re%at.&hve to the
axi s 44. Begagdd-Pel§ pyhimegam @fﬁl"%‘l‘@evftihf lgp 2§ cag ef SH‘éﬁ? &1ahgl e
relative houhB& B! dad G005 RANTMEER IF SRR IBIRS] Gl Riery STHe l:fDslHagt nance
al ong axi s . Reterring to Figures and 3, the light collimting and

di f f usi ngaf opticaR Brighiechemamprend xiNpasedenh tha pdastiatieyer ddtesdin a mass ¢fi thm 28 i s
utilized to refract |ight beaps toward is 44, The fi]lm:28 i

const r uct @Rfi%R} BRERCRE; LEPYY ’és‘f’iacrap%‘i/gé gﬁgﬁ’ﬁ r?sgp?icﬁio I?ﬁ%tngiaﬁs %ﬁ%ﬁge of
0.025-10 gjalihd 1’5? € 5re £k SOREBEr inbh@ed drd NtidRtie BDmBEuRD BSdH dshRgindleih a

thi ckness lI'ess than 0.025 mllinmeters or greater than 10 m |linmeters. The
film 28 hplsosphomipmi slfoniatel, ghspeset irc dhp plastic dr¥gyos Elorinated ephpsplaanivm| ayer

wh [ f th i.cal _brj d. LS 4N, f0.001-1
R R e ek
el udes Anaddes ik £ GO R oraUcl 35 if LUR Ra! R A GepleMu s f onat e

di sposed I'n e plastic uori nat ed phosphoni um sul fonate has a

gener al f elemehg:eadlCIRAVIGE 2 (150R)E qiyRCRbp( RaJicA3Y{ RA) parbon whanephap | s
fluorine; nis an integer of fro -1 Sis sulfur; Rl are the
same el ené‘i?ﬂ’}atléj’é'ﬁr%é Hdaﬁﬁalaﬂfi%f’?rﬁb%%’%scﬁ%& i ady g%)llggrgg H%ug@%ar bon
at ons or gp 1fPERLES albAY, OTRE Fam P@duERer iAflufiesl #n GRtFsleta{LOVIB absdilserR4 i s a
hydr ocar bon radi cal of 1-18 carbon atons. The film 28 further incluydes an

ul travi ol eompiind disposedbir the plasidelaenivhgeiaednpss affiee HVabspider egrapouiifler ei n a

mass of the. UV absor ound iS In n f 03-1.0 r Hheof a
total mas® B¥ atrﬂ’égepcffg@p }'g'chng?n.q Gﬁlae{oft?lﬁnn{ls%&?tr}?gIp&%telgji%}l?'ex?%r@gﬁ]tz gp
surface 46,dnak RdeuRldublsutficeofs Bivanee tpluiglityosft projestiig?partidna>pland al i ty of
trough portions 54. The ayerage hei ght of the p&urallé‘%,of .gro.ecil ng
portions Blraldywifttreughapqrtipgedbf The gusrags, haght of the PUkplinG gE PIRIEESof t he
plurality of. hect ' N F alehhrabld s

DU al Y gkl 30 SEN BB ARIs UL of W G o gty
The proj epidjeging@otticns Fazthanthd herdgeovidth of the plurality of projecting portions

52 is within a range of 0.5-100 microns. The projecting portions 52 and the trough

portions 54 are distributed on the top surface 46 to obtain a desired slope angle

distribution.

The slope angle distribution is a distribution of a plurality of slope angles along at
least one predetermined trajectory on the light collimating and diffusing film 28.

Further, each slope angle () is calculated using the following equation:

Slope Angle ¢ = arc tan lAh /Aw] where:

(Aw) represents a predetermined width along the textured surface 46, such as 0.5

microns for example;

(Ah) represents a height difference between (i) a lowest position on the textured
surface 46 along the width (Aw), and (ii) a highest position on the surface 46 along
the width (Aw).
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portions 54 are distributed on the top surface 46 to obtain a desired sl ope
angle distribution. The slope angle distributionis a distribution of a

pl uralitywofoelapmoangl es al ong at | east one predeternm ped/UsL@s2i609 Yy OnN
the light collimating and diffusing film28. Further, each slope angle (f)
is calculated using the follow ng equation: Slope Angle f = arc tan Ah | AW

where: ( represents edet ermi ned. wi dt h. al 1 d ¢
such as (?Ir\/ge ﬁlpg? @}P%esfTGPgég%gﬂeﬁﬁﬁé;;gﬁppﬂl\é%}o&f@ﬁ?gpaguﬁgﬁa%i% {ej %ﬁﬁ@}]g‘%r eace 46,

bet ween ( h%)}nﬁﬁiit%@ﬁﬁ%@p(ﬂﬁ]‘ehéi%] %Hrfﬁ&epltoﬁig Hét@%e%bﬁra{eﬂcﬁlh@a@u@ﬁgdérhﬂw dth

(Dw), and 1est position on the surface 46 along the width
(Dw) . The gbd@pamsamykasmasgocttiezd hynKokike Ipaoeatoryabimiteda liolsyo,.flapam ghast i ¢

filmcan be calculated frgmfiltered t di nensi onal surface profile data
gener at ed%@?ﬁ‘fﬁ‘ag S@H%‘“c%ﬁiﬁ“ﬁ %’Fitcﬁ’gﬁol(;?n@p dprgﬁFn?Pgr?ﬁ? 3%??]1033; “by " gfs'éka

Labor at or y skjm tehpld 9kNgh aﬁ@@@ﬂlﬂaﬂ-@?L@ﬂ?ﬁ abitofelt $@hin. Mbise §feed beindur f coder
ET 4000 instrument "are as follows: Cutoff 0.25mm Sanple Length and

Eval uat i osetlaefgdtimtsecdndseith profilodata bathe obipined ab8eqally sraced RoiRiH second
with profile data being obtained at 8000 equal |y spaced points. The sl ope

angl es ted i hi t ent i i k I
caPcun at et chirerhel S SaRRE R RERLEEC L PRl 68 SXPTACRIC S B P20 D¢

using a Syit@wederiSE HRERa wis dimemsithak stifadenprofe tdate delnyatéd sk 2
Laboratory Linmted. The operational settings of the Surfcoder SE 1700a
i nst r unenBudfeadeaSH b700swinstrmpgntualse arpnpfastyred by Kosaky Lebergtory Lamiteqy 8oonmm

The speed,_peing set at 0.500 con L4 h ofil e data _bei i ned at
14400 poi EBE.O %logﬁloﬁgtl%gfgquf ?(%F{éﬁg?ry\%% ]c@’rg) abglsﬁg g’r’ﬁlarneeaggf)@%éa
predet er mepedaG& ELSARS YLAIECEMOI 108 = 0.860rRM. t ke PherdtHetng &y @ 0.500
Alternately, a slope angle distribution can be determ ned on an entire
surface ofmm/ecopti agth profikeydata hesnmeptamed ptpldd0P @pitence trajectories or
lines. For exanple, referring to Figures 6 and 8, a plurality of slope

angl es (f)l"hgas?opbeeangle distribution can be determined along a predetermined reference
trajectory or line on the plastic layer. Alternately, a slope angle distribution can be
determined on an entire surface of the plastic layer using multiple reference

trajectories or lines.

For example, referring to Figures 6 and 8, a plurality of slope angles (¢) can be
calculated along a predetermined trajectory across textured surface 46, such as an axis
62 that is parallel to an edge 61 of the film 28, or an axis 60 that is perpendicular to
the axis 62. Alternately, the plurality of slope angles (¢) can be calculated along a
line 80 or a line 82. In one or more of the foregoing trajectories, the desired slope
angle distribution comprises between 7 to 20 percent of slope angles having a value

between zero and five degrees.

Referring to Figure 4, a graph illustrating a slope angle distribution on a textured
surface 46 on a first side of the film 28 in accordance with an exemplary embodiment
is illustrated. The inventors herein have recognized that when 20 percent or less of
slope angles on the textured surface 46, and preferably between 7 to 20 percent of

slope angles on the surface 46, have a value between zero and five degrees, adjacent
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calcul ated along a predeterm ned trajectory across textured surface 46,
such as an axis 62 that is parallel to an edge 6 1 of the film 28, or an
axi s 60 twetzedco1pmppendi cul ar to the axis 62. Alternatelpgr/ushespbispal i ty of
sl ope angles (f) can be calculated along a line 80 or a line 82. In one or
nore of the foregoing trajectories, the desired slope angle distribution

conpri ses between 7 to. 20_percent of slo | es having a val ue between
zero and f4 tr@é@?’é‘@.cnﬁeﬁg’i‘sr G {ign?:galﬂe@ %g}éavﬁrlﬁﬁrﬁa? | yErnanee ity i ope
angl e disgg%%gﬁbqﬁaggsa4;extured surface 46 on a first side of the film28
in accordance wth an exenplary enbodinent is illustrated. The inventors
herei n have recogni zed that when 20 percent or |ess of slope angles on the

t extured SReftmiog ddligems 1 pndf Brihd pyrepeageehslippe engdes petmsen zewsf angll Bye angl es
on the surface 46 ave a Jvalue between zero and fiv rees

20 eent brdeafeen as bR Gred 8 SHscR o R0k B plE ofht RS8R the i caseq

| um nance 24 4da é&é@@fé]i%}ﬁ dollBnailSHlAA30. RN the PercentrIof Gpelardtidék ¢h t he
per cent age of sl ope angj es between zero and five degrees on_ the textured

t op surf adbe sefesra 1 abophd 6 ssegeat, dhe {igkt exigHhe e 21 ¢ S1tdegree mglo8 and

t th I: i i i fr S I
on the sunPiEtpsS 4 BBV Th o epe ol e L T Lo RRROPREEET 4, %S
degr ee angbexitehafiiny 28 a0 amungle 4feates tinBINdeghdesadlatld ®rthateisebodhnmnt , i f

it is desirable for the light to exit the film28 at an angl e greater than
3 1 degr eddny 2y eauld be eonstyated with graater thap, 16 percept oh theslepe iglesdiavaigst r uct ed

W th greatgf,d g&(}«eéﬁ R GRdtaR déf.}}geists' WGt %ﬁg&ﬁn%int&ﬂb ﬁﬁ:’é%lﬂﬁf hegyeen

zero and five degrees. 1n another ernate enbodi | i's desirable
for the |idghiratlofeexhd lighteo £xit theZBmel8 @anangledess dsm I1hdegrees telatbgrtodlse

relative to . the axis 44, en the film 28 could he construct w.th | ess
{han 16 it B Prdiin o coulh e consiEioTeng il Vete dienblh BEIEE SELHE HHRE 1 ve
degrees. RebREhhNHe hQafdeWehfeed zetdWndiiveBegfed! SO has a textured surface 48
on a second side o% the film28. The textured surface 48 has a sl ope angle

di stribution wherein greater than or equal to or 70 percent. of the slope
angl es on Réferringxe Figte Suitfealtln 2 alsahes & texibigd sbefaoiedh or @rsscenddsids ok

degr ees. the film 28. The textured surface 48 has a slope angle distribution wherein greater

than or equal to or 70 percent of the slope angles on the textured surface 48 have a

value between zero and five degrees.

Referring to Figure 9, a melt calendaring system 100 for manufacturing a textured
plastic layer 106 that can be subsequently cut into a predetermined shape to form light
collimating and diffusing film 28 is illustrated. The melt calendaring system 100
includes an extruder device 102, a die 104, cylindrical rollers 64, 108, 110, 112, 114,
116, a cylindrical spool 118, a roller cooling system 120, a film thickness scanner

122, motors 124, 126, 128, and a control computer 130.

The extruder device 102 is provided to heat plastic above a predetermined
temperature to induce the plastic to have a liquid state. The extruder device 102 is
operably coupled to the die 104 and to the control computer 130. In response to a
control signal (E) from the control computer 130, the extruder device 102 heats plastic
therein above a predetermined temperature and urges the plastic through the die 104

to form the plastic layer 106.
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Referring to Figure 9, a nelt cal endaring system 100 for manufacturing a
textured plastic |ayer 106 that can be subsequently cut into a

pr edet er mvoadosghame to formlight collimating and diffugcmgsbedsnme8o i s
illustrated. The nelt cal endaring system 100 i ncludes an extruder device
102, a die 104, cyIindricaI rollers 64, 108, 110, 112, 114, 116, a

cyllndrlc S 8, raol | er coolln .System 120, filmt

scanner %ﬁ‘e %8 F‘Egl ?ﬁﬁ"rsl?é P3garey é‘? b} r&FeTdD ﬁt@?St’ngayePrﬂlz)%extruder
devi ce 102dr&eRI QN 164 tho alers Qld%tfoﬁnaab@xt%r@i S RLebARTMeAR Gnt aIRegfat ure to
i nduce the plastic to have a liquid state. The ‘extruder device 102 is

oper abl y douphss ]'a}aertltfi)é dite cybadacad relters i 8rare ot ef@@bﬂpmoeﬁtnm from
response to nt r ol from ontro 130, .the

ext r uder 8@9]?%’@0 31@201?% CB\’@%‘P‘% ttEeh}eor] &f ﬁo%%gshmﬂ)ﬂg@ (gﬁ FOHH P per at ur e
and ur ges aftf@ate] afdodeméd! %Qﬂr]]hmﬁ‘ca‘ljlrcﬂlelﬁéﬁ 0 Maibeenfthatdd Sohayksr 106. The
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roll ers 64exth08.sufthe ty/ handra value hetween ffo had fvetdegtass. ed“hss;rWhmetth?

or & ong. YRGSl e 51 fiadt iy oiia e Bt Facol S o e val ue
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contacts a first |'ayer 106, the cylindrical roller 64
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and five degrees. Referring to Figures 5 and 7. the slope angles (f) of the
cylindri cR®lefdraht 8 Fiihr&aale 7, the slope angles (¢) of the cylindrical roller 64 can be

determined along a predetermined trajectory across the outer surface 107, such as a
line 68 extending substantially across the roller 64 substantially perpendicular to the
end 211 or a line 62 extending substantially around a periphery of the roller 64 a
predetermined distance from the end 211. Alternately, the slope angles (¢) of the

cylindrical roller 64 can be determined along a line 84 or a line 86.

The cylindrical rollers 110, 112 are configured to receive the plastic layer 106 after
the layer 106 has passed between the rollers 64, 108. The position of the cylindrical
roller 110 can be adjusted to vary an amount of surface area of the plastic layer 106
that contacts the cylindrical roller 108. The cylindrical roller 110 is operably coupled
to the roller cooling system 120 that maintains the temperature of the roller 110 below
a predetermined temperature for solidifying the plastic layer 106. The cylindrical
roller 112 receives a portion of the plastic layer 106 downstream of the roller 110 and

directs the plastic layer 106 toward the cylindrical rollers 114, 116.
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determ ned along a predeterm ned trajectory across the outer surface 107,
such as a line 68 extending substantially across the roller 64
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substantially around a periphery of the roller 64 a predeterm ned di stance
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a roll of l%lsﬁ’éta'z& jogyer 106. The cylindrical spool 118 is operably coupled
to the rmFor 128. The control computer 130 generates a control signal (M)

that induces the notor 128 to rotate_the spool 118.in prﬁgeetlerm]ned
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Referring to Figure 10, an embossing system 150 for manufacturing a plastic layer
154 that can be subsequently cut into a predetermined shape to form the film 28 is
illustrated. The embossing system 150 includes a cylindrical spool 152, a film-
heating device 156, cylindrical rollers 64, 160, 162, 164, 166, 168, a cylindrical spool
170, a roller heating system 172, a film thickness scanner 174, motors 176, 178, 180,

and a control computer 182.

The cylindrical spool 152 is provided to hold the plastic layer 150 thereon. When the
cylindrical spool 152 rotates, a portion of the plastic layer 150 is unwound from the

spool 152 and moves toward the cylindrical rollers 64, 160.

The film-heating device 156 is provided to heat the plastic layer 150 as it moves from
the cylindrical spool 152 towards the cylindrical rollers 64, 160. The control
computer 182 generates a signal (H1) that is transmitted to the film-heating device
156 that induces the device 156 to heat the plastic layer 150 above a predetermined

temperature.
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Referring to Figure 10, an enbossing system 150 for manufacturing a plastic
| ayer 154 that can be subsequently cut into a predeterm ned shape to form
the fil mw®8 2ne&/iktoustrated. The enmbossing system 150 i nelcwdssoos/ogsehs ndri cal
spool 152, a filnmheating device 156, cylindrical rollers 64, 160, 162, 164,
166, 168, a cylindrical spool 170, a roller heating system 172, a film

thi ckness scanner 174, nmotors 176, 178, 180, and a control. 182.
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the layer 154 has passed between the rollers 64, 160. The position of the cylindrical

roller 162 can be adjusted to vary an amount of surface area of the plastic layer 154

that contacts the cylindrical roller 160. The cylindrical roller 164 receives a portion

of the plastic layer 154 downstream of the roller 162 and directs the plastic layer 154

toward the cylindrical rollers 166, 168.

The cylindrical rollers 166, 168 are provided to receive the plastic layer 154 and to
move the plastic layer 154 toward the cylindrical spool 170. The cylindrical rollets
166, 168 are operably coupled to the motors 178, 176, respectively. The conttol
computer 182 generates control signals (M4), (M5) which induce motors 176, 178,
respectively, to rotate the rollers 168, 166 in predetermined directions for urging the

plastic layer 154 towards the spool 170.

The cylindrical spool 170 is provided to receive the plastic layer 154 and to form a
roll of plastic layer 154. The cylindrical spool 170 is operably coupled to the motor

180. The control computer 182 generates a control signal (M6) that induces the motor
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The cylindrical rollers 162, 164 are configured to receive the plastic

|l ayer 154 after the layer 154 has passed between the rollers 64, 160. The
posi ti on wO 20éw1ex0bi ndrical roller 162 can be adjusted troTudeys@RS6A9TOUNt Of
surface area of the plastic layer 154 that contacts the cylindrical roller
160. The cylindrical roller 164 receives a portion of the plastic |ayer 154

downstreamof the roller 162 and directs the plastic |la 4 t owar
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respectively, to rotate the roller. 68, 166 | t i i i

for :JI’ %i nb5‘¥ préorgp g fayen Lager &CF'EI?SS Hg’etcﬁﬁné%&g{o‘ﬁ%%o. r‘%g‘?g;‘?ﬁ‘% ﬁFr ;[ I(:glnS
spoo 7044 I L ) b Gt i f |1
o Bl ast | B e 1 g (T e Ty Gt ed o t he

not or  180laydihks4cthattis ohnsmotipditoethe t@Zrgenmpateedda control signal (M) that
i nduces the notor180 to rotate the spool 170 in predeterm ned direction for

brovi ded RS GISESeR; Brvies 207 TorBpinbaricp kel I GRARREN T LS,
154 bei ng JiRE 8k 1ie Scddyddnbe wethlannglenphiry e@bbéinentk4llustiated. Thee dylindritdli ckness
scanner 174 generates a signal (T2) indicative of the thickness af the

P | ?st i ¢ | ejller 64%as nitentured stifegeseantheatilived thiheanslt palendepg sYErm 185 o1y
eferring.to Fiqure i .1 [ ] on t
oyl i nar i SO REPE s 1303 TR SRR kL PhBEySauF EbibEhedih e on the
i 11 ustrat gde sydhan PO initides allasepOXra 1Gkahasusion 204t anedors206; anda cantrdle
utilized in the nelt cal endaring system 100 or the enbossing system 150 to
forma t exepelEr H&%stic | ayer used to obtain the film28. The system 200
includes a | aser 202, a linear actuator 204, a notor 206, and a control

comput er 3884,ger 202 is provided to emit a pulsating laser beam that contacts an outer surface
at a predetermined intensity to remove portions of the outer surface 209 to obtain a
textured surface thereon. The laser beam emitted by the laser 202 has a focal
diameter at the outer surface 209 of the cylindrical roller 64 in a range of 0.005-0.5
millimeters. Further, the laser beam has an energy level in a range of 0.05-1.0 Joules
delivered over a time period in a range of 0.1-100 microseconds for a predetermined
area of the cylindrical roller 64. The laser 202 is operably coupled to the control
computer 208 and generates the laser beam in response to a control signal (C1) being
received from the control computer 208. The laser 102 comprises a neodymium
(Nd):yttrium, aluminum, garnet (YAG) laser configured to emit a laser beam having a
wavelength of 1.06 microns. It should be understood, however, that any laser source
capable of forming the desired textured surface on a cylindrical roller can be utilized.
In an alternate embodiment, the laser 202 can be replaced with an electron beam
emission device configured to form the desired textured surface on a cylindrical
roller. In still another alternate embodiment, the laser 202 can be replaced with an ion
beam emission device configured to form the desired textured surface on a cylindrical

roller.
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The |l aser 202 is provided to emit a pulsating | aser beamthat contacts an
outer surface at a predetermned intensity to renove portions of the outer
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distribution wherein between 7 to 20 percent of slope angles on the textured surface

209 have a value between zero and five degrees.

Referring to Figure 13, a cross-sectional view of a portion of a textured surface 215 of
the light collimating and diffusing film 28 cut from a textured plastic layer formed by
the cylindrical roller 64 is illustrated. The film 28 has a slope angle distribution
wherein between 7 to 20 percent of slope angles on the film 28 have a value between

zero and five degrees.

Referring to Figure 14, a system 230 for forming a textured surface on the cylindrical
roller 251 in accordance with another exemplary embodiment is illustrated. The
cylindrical roller 251 can be utilized either in the melt calendaring system 100 or the
embossing system 150 to form a textured plastic layer that can be subsequently cut
into a predetermined shape to obtain a film having the physical characteristics of film

28 described above. The system 230 includes a housing 232, a motor 242, a pump
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the outer surface 209 is within a range of 25-2500 mllinmeters per second.
Referring to Figure 12, a cross-sectional view of a portion of a textured
surface 290 20d¢/d1mocyl i ndrical roller 64 is illustratedpcThs2608x0i6ped
surface 209 was obtained utilizing the energy beam engraving system 200.
The textured surface 209 has a slope angle distribution wherein between 7
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20 percent of slope angles on the textured surface have a value between zero and five

degrees.

The motor 242 is operably coupled to the cylindrical roller 251 and is provided to
rotate the cylindrical roller 251 at a predetermined rotational speed. The motor 242 is
disposed within the housing 232. In an alternate embodiment, the motor 242 18
disposed outside of the housing 232 with a shaft (not shown) extending through the
housing 232 coupled to the cylindrical roller 251 for rotating the roller 251. The
control computer 250 generates a signal (M8) that induces the motor 242 to rotate the

cylindrical roller 251 at a predetermined rotational speed.

The pump 244 is provided to pump the fluid containing the non-metal particles and
the metal ions from the housing 232 through the temperature control unit 246 and the
particle and metal-ion replenishment unit 248. In particular, the control computer 250
generates a signal (P1) that induces the pump 244 to pump the fluid from housing 232
through the unit 246 and the unit 248 and back to the interior region 234.
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ions. Wien the fluid is maintained at a desired tenperature within the
housi ng 232, the non-netal particles and the netal ions in the fluid

chemi cal lwyohosbiamean external surface 253 of the cyli ndcraskosobices 251 to
forma textured surface. The cylindrical roller 251 is rotated within the
fluid to obtain a textured surface wherein between 7 to 20 percent of slope

angles on the textured surface have a val ue between zerq and_ five degrees.
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non-netal particles and netal -ions onto the outer surface 253, of :t he
cyl i ndri capn-mstdl marticdas, anphtheragipleions drang gt ?Qsﬁenﬂﬁxtlpnzzai‘éﬁ?r@ﬁﬂcﬁ’ﬁséng
| Per 28U 815, Dt 0o R KBRS oy b gt
particle and thetmdtali st &p! oridsthrenthe unitér Sutfaces2iBpef abé yolleupfbdtheo t he
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The unit 248 measures the concentration of the non-metal particles and the metal ions
in the fluid being pumped therethrough and adds an additional amount of non-metal
particles and metal ions to the fluid to maintain a desired concentration of each
material. After the fluid is conditioned by the unit 248, the fluid is routed to the

interior region 234 of the housing 232.

Referring to Figure 15, a cross-sectional view of a portion of a textured surface 253 of
the cylindrical roller 251 is illustrated. The textured surface 253 was obtained
utilizing the particle and metal ion co-deposition system 230. The textured surface
253 has a slope angle distribution wherein between 7 to 20 percent of slope angles on

the textured surface 253 have a value between zero and five degrees.

Referring to Figure 16, a cross-sectional view of a portion of a textured surface 254 of
the light collimating and diffusing film cut from a textured plastic layer formed by the
cylindrical roller 251 is illustrated. The textured surface 254 has a slope angle
distribution wherein between 7 to 20 percent of slope angles on the textured surface

28 have a value between zero and five degrees.

20



in the netal-ions fromthe unit 246. The unit 248 nonitors the
concentration of the non-netal particles and the netal ions during the

co- deposiwoanoeafi4tobe particles and nmetal ions on the surCaas2058256b8 Wil |
be understood, that as the non-netal particles and the nmetal ions are
bonded to the outer surface 253 of the roller 251, the concentration of the

non-netal particles and nmetal ions_in the fluid be decreased. . The unit
248 masﬁ@fgﬂlﬂgéoféﬁgéhgar%%ﬁsﬁﬁ’ &t f%gomﬁgﬁé?%}m éP’EfF'%ei @st%gﬁéf]a?‘ﬁ'é et al
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248, the fluid is routed to.the inter |on 2 u 232.
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surface was obtalned utilizing the particle and metal ion co-deposition
syst em 23070 Tiududesxd oesing 272acem2B8 Nk @ cumreiesaiefl a8 8¢ @pEAM®h wher ei n
between 7 to 20 ercent of slope angles on the textured surface 253 have a
val ue bet SIS and five degrees. Referring to Fi gure 16, a
cross-sectional view of a portion of a textured surface 254 of the |ight

col I'i mat i fge ARkind JTusdm@s bh inteGarirebioanra foerdceivan mbﬁﬁtdncall raller 278or ned by
the cylindrical roller 251 is illustrated, The {ye turg rfac2§ 254 has a
sl ope angTee housing Bizrhals aneleeiohyluideantaininga phr %E‘Y@ met fo181%g8e Mngl es on

e Lo AR TARRER B LA B 5 Ese By

a sys formng a textured surface
on the cypiedeteisiakd mlrémrdeaglay 1smmed>n1dalmeiew¢lyteaﬂwd,h@m nestelmong 276

embodinment is illustrated. The c dri.c n be .utilized

ei t her i nbensktorthe Puﬁaﬁ‘éflﬁ‘éfﬁrmﬁd’fé%“s?)a’rﬁdilﬁ rS{] :L@ t@ﬁ%ﬁgé‘ RIS flﬁ? 950 to
form a te?ﬁa? §ﬁ'n {dn‘él ha % rHREd v%f?m?lﬂ{eaélect@ol el i Ay bB@iP hYsiteRl
characteris antia simlar to | m 28 descri bed above. The

syst em 27&1r|famelvﬂrdaean hetwaas |7rtg 2D Rrceat qulope agdes on hertedmed sBifpeecdh@y82, and a

control conput 284. The in 272 defines an interior region 274 for
recei vi ngaé(a]é‘ﬁﬁ’FWPéSm qné?%g?i

The motor 280 is operably coupled to the cylindrical roller 278 and is provided to
rotate the cylindrical roller 278 at a predetermined rotational speed for a
predetermined time period. For example, the motor 280 can rotate the cylindrical
roller 278 at a rotational speed in a range of 1-10 revolutions per minute for a time
period in a range of 0.5-50 hours. The motor 280 is disposed within the housing 272.
In an alternate embodiment, the motor 280 is disposed outside of the housing 272
with a shaft (not shown) extending through the housing 272 coupled to the cylindrical
roller 278 for rotating the roller 278. In particular, the control computer 284 generates
a signal (M) that induces the motor 280 to rotate the cylindrical roller 278 at the

desired rotational speed.

The current source 282 is provided to apply a predetermined electrical current density
through the electrolyte fluid to induce metal ions in the electrolyte fluid to adhere to
the outer surface 279 of the cylindrical roller 278. The current source 280 is
electrically coupled between a metal bar 275 immersed in the electrolyte fluid and the

cylindrical roller 278. The current source 280 is further operably coupled to the
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housing 272 holds an electrolye fluid containing a plurality of metal
rgﬁs 876. ?n one enbodi nent, the plurality of metal i ns 276 conprise
chr omi umwonsoes/0fmn a predeterm ned current density is appluseasionscbhe
electrolyte fluid, the netal ions 276 bond to the outer surface 279 of the
cylindrical roller 278 to forma textured surface. The cylindrical roller

i tated. wi thin e electrolyte fluid to obtain a textured surface
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i i d outside of the housing 272 with a shaft (not shown) extending
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predeternin%p el ectrical current density through the efectrolyte uid to

i nduce nmettHIPOPEMEs SYSHmR HeO do dep 8 tgxtared| plastictlayeadhairanthe subsequiatidy csiur f ace

h i i Lol 278. urf.ent_source 280 is electrically
coupl ed beapen? oeeraeR iRe S, obliif 5 R by B eR) Pt End o

cyl i ndri cavbstasitieBy siziBr torfibn Q8rdessribed abiswe 28O systerh BOD fﬁedlu&aa%hg#a'viﬁgﬁ flrlg: ed

4. contrql conputer 284 generates a C
g?g%gfc?P%%a%%gﬁﬂgﬂ%gééégﬁﬂglﬂgr?Eﬁwﬂééﬂf%gﬁagwﬁpbugmmé@éﬂé.an el ectrica
current through the electrolyte fluid. In one enbodi ment, the current r
sour ce 28ThgengtingleRice WOREH brélesi foYitdrftivRly e e ?%tgpgﬁr?acl Agngr oo pe
square mllineter in the electrolyte fluid t'o I'nduce t e nmetal” 7rons in t he
fluid to Sefbediel rafler 848 praiptiedetermiotd ﬁaqlﬁeﬁeytz td;ieirmvle ﬁg?lio?g lo{:ﬂgwwerls, a
system 30Q;4RE 3k Ot bEGin, Lty 'sei‘lgfagfl:].r fna]gaertic(:)uri'ar, the prg(letermined frequency is

preferably within a range of 1000-1500 Khz. The engraving device 302 includes a

piezo-electric transducer unit 304, a reciprocating member 306, a cutting tool holder

308, and a cutting tool 310.

The piezo-electric transducer wunit 304 is provided to iteratively move the
reciprocating member 306 upwardly and downwardly along the axis 307 at the
predetermined frequency in response to a control signal (P) received from the control
computer 316. The reciprocating member 306 is further operably coupled to a first
end of the cutting tool holder 308 that holds a cutting tool 310.

Referring to Figures 19 and 20, the cutting tool 310 is provided to remove portions of
the outer surface 319 of the cylindrical roller 318. The cutting tool 310 is constructed
from a diamond having a tip diameter (D1) in a range of 2-30 micrometers. The
cutting tool 310 has a cutting surface 311 that extends 160 degrees about a center
point of the tool 310. The cutting surface 311 of the tool 310 1teratively contacts the

outer surface 319 as the outer surface 319 is being rotated at a predetermined speed.
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roller 318 in accordance with another exenplary enbodinent is illustrated.
The cylindrical roller 318 can be utilized either in the nelt cal endaring
syst em 1080anogiheroenbossi ng system 150 to form a textur edTpisasisiogsehayer
that can be subsequently cut into a predeterm ned shape to obtain a film
havi ng physical characteristics substantially simlar to film 28 descri bed
above. The system 300 i ncl udes engraving device 302, a linear actuator 312,
a motor 31%he lipepr acuiaior S i epgraklarconnied toike enggrang degvierdP2 éor3ngving

provi ded tg.l Y t he, . r AGR, 3 . cylindrica
roller 318@§f%§&gﬁgd§%§F??2§ r%hﬁ%ﬁgéftgﬁgé%§€§33%§F§%H§Q§%P¥ﬂ@§g%ter
surface 3lthetontenlstudaae H Steheic@thdsivalfraller. 3180 Tiarlincath@tatoit 2 Poegaher m ned
frequency is preferably, 'tqin a range of 1000-1500 Khz. The engraving
devi ce 302°N&EIR& V‘zfep?gzé@ 8P t? i St pandata efollghi 11 83a 2 Aredeieipingéat i ng

menber 3064etanfitdd big %ﬁ@& ] d61s30% 32N, gs&b%ié?ﬂ 430b¢ r%%ocynmffcag
pi ezo-el ectric transducer unit 304 1's provided to 1teratively nove the
r eci pr ocatioblgr AErbér a3 @Berupwamtiodimerd, Hosanwatuedoy 342 @ogldtbeecaipiesl B30%Keat t he

predet erm ned .f.requency_pn response to a_control signal (P) received from
t he cont ro‘fﬁlc?gﬂﬁ%?ré’ e’é)lgég.g PrRore ﬁeprr %{t?’]rﬁg“?Té‘ﬁb@%labg‘ée‘it@nf{??'Cttli’{értooﬁ)er abl y

coupl ed t%t@ti&ﬂafﬁéng%%%&e\ﬁ&.e cutting tool holder 308<that holds a cutting
tool 310. Referring to Figures 19 and 20, the cutting tool 310 is provided

to renove portions of the outer surface 319 of the cylindrical roller 318.
The cutti ngha®etor 31415 aperabhs equpbadcta the eyhindrigalaaiderd 1840 irotgtesthe iqiledB &8ret er

(D) in a - ] C ters. The cuttin t.oo%%Ohsa.cu i ng
surface 3 ﬁl*ﬂ?ﬁ)gﬁ Ineeﬁg& égc(rg%asﬂ)rl [ ené?\glé%&aeb%ﬁavén%gﬂ?%erg i]ﬂﬁf‘g gtfe ?XH%J{)%IOI 3
10. The cufrdrnnige e 3Acte tBe ddd 843 t Tige Eadlo] 3diBphttes BY bonetavesCaf@t (®11bhe out er
surface 3 19 as the_ outer surface 319 is being rotated at a predeterm ned

I

speed. The hpthwdpceschgapeter 314 tp gotsie thenrxiindsigy) wiier 318 I8¢ acpigdetoimmgedievi ce

302 for g J V| A axii khe,axis 303 is
subst ant | a1 epl P DeREP I Yk HE b ot RS B S Ran o B o1 er
18. The | im&éionadcperst withiB hZamgewed Ot 208 rengudonsigr devitee 302 rel ative to the

cylindrical roller 318 at a predeterm ned determ ned axial speed froma
ULRELI }i;ezf%n‘ltn% t& Flsgeu(%g ) P, aesnycslte%q2§3 d) I”ortﬁr)]l%li% laitgxqarlrieg %{Jrface on the cylindrical
roller 340 in accordance with another exemplary embodiment is illustrated. The
cylindrical roller 340 can be utilized either in the melt calendaring system 100 or the
embossing system 150 to form a textured plastic layer that can be subsequently cut
into a predetermined shape to obtain a film having physical characteristics
substantially similar to film 28 described above. The system 330 includes a housing

332, a motor 336, and a control computer 338.

Before explaining the operation of the system 330, a brief explanation of the structure
of the cylindrical roller 340 will be provided. Referring to Figure 22, the cylindrical
roller 340 has a substantially cylindrical inner portion 342 coated with a chemically
resistant layer 343. The chemically resistant layer 343 comprises a plastic layer. In
an alternate embodiment, the chemically resistant layer 343 comprises a wax layer. In
yet another alternate embodiment, the chemically resistant layer 343 comprises a
photo-resist layer. After the cylindrical roller 340 has been coated by the chemically
resistant layer 343, portions of the layer 343 at predetermined locations (e.g.,

locations 346) are removed. Portions of the layer 343 are removed at predetermined
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roller 318. In an alternate enbodi nent, |inear actuator 312 coul d be
coupled to the cylindrical roller 318 to nove the roller 3 18 in an axi al
di recti orwoeb@iii¥met 0 a stationary engravi ng devi ce. Thecmmisess81i99 s
operably coupled to the cylindrical roller 318 to rotate the roller 318
while the linear actuator 312 is noving the engraving device 302 al ong the
axis 303 fromthe end 321 to the end 323. The control conputer 316

gener at es lacaiogaasing Mh Gpereyi deamnnahgh @s adaser. niptapral@inate embastizent, porgions

cylindrical ler.3 18 at a or erm ned rotat.ional. speed. |n.particular,
the notor B8 HERT B Bhefs P AR b BT eh TBhOR Ring BEH o hrbTpLeg

within a riangg efhaldredDQrdattyahatl il@nshagically Resistant RefeerI43nputt Rsdiigr £ 21, a
system 330 for fornmng a textured surface on the cylindrical roller 340 in

accor dancehaifiiess gh8enaindsiedgnegryposigibdthe Mt Yetsanofliey eitemptegembndiment,
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system '108&]8 r H%rhggléﬁﬁ%lssg?ﬁég%{/g %@elr]é @ggvt%gtap g{reré Igd%[gﬁ‘f]ﬂ%et?cp a{lgl Eé%{% %yer

t hat can Héhsghsiecpartisknou to iase akifleédethearti ned shape to obtain a film
havi ng physical characteristics substantially simlar to film 28 descri bed

above. The_system 3 | ncl udes a. housin 2, a.notor 336, and_a cantrol
conputer 3 .h%léwsﬁggeci@gpaﬁ fit H@W%éﬁ%ﬁ%?ﬁ %ﬁﬁeﬁ?leﬁé‘ @@@S@?ﬁ%@%ﬁr A0 1 of
expl anat i ophfoulsfAg 330 ﬂaksﬁfs%eet@ﬁnzgéaﬁutmﬂ foP ik RAhg HPL&ET pFtGnbe the Bffer

provi ded. Referring to Figure 22, the cylindrical 'roller 340 has a
subst ant i aidrijorc $4#2 ofl the eylirnidmealr ropler 84&n T3v 2tchusg edution ncdudsk eniricaddid/

i stant | 43.. Th hem cal | y. resjstant .| ayer. 343.conpri ses | astic
ayer. 1 YRR P s Rt A tan o bR ERb e PR Y bl il A B 5
conpri ses anbW#mérdy @k -etdhing/ &lutditinbRbesh{d@b bt ST80 9HFENE 1o DBGepdram cal |y
resistant | ayer 343 conprises a photo-resist layer. After the cylindrical

rol | er 340fiaBasseéthecteltiegsiytietis hydmehloaiciagide d¥hen thacylindrival ®ir 34brt i ons
f the |ay . } ti , i 6) .
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of the layer 343 are renoved at the predeterm ned |ocations using a tool
(not showdy 20 percent of slope angles on the textured surface have a value between zero and

five degrees.

The motor 336 is operably coupled to the cylindrical roller 340 and is provided to
rotate the cylindrical roller 340 at a predetermined rotational speed. The motor 336 is
disposed within the housing 332. In an alternate embodiment, the motor 336 is
disposed outside of the housing 332 with a shaft (not shown) extending through the
housing 332 coupled to the cylindrical roller 340 for rotating the roller 340. The
control computer 338 generates a signal (M11) that induces the motor 336 to rotate
the cylindrical roller 341 at a predetermined rotational speed. In particulér, the motor
336 can rotate the cylindrical roller 341 at a rotational speed in a range of 1-50

revolutions per minute.

Referring to Figure 23, a system 370 for forming a textured surface on the cylindrical
roller 390 in accordance with another exemplary embodiment is illustrated. The
cylindrical roller 390 can be utilized either in the melt calendaring system 100 or the
embossing system 150 to form a textured plastic layer that can be subsequently cut

into a predetermined shape to obtain a film having physical characteristics
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havi ng a hardness greater than the chemcally resistant |ayer 343 but |ess
than a hardness of the cylindrical inner portion 342. In yet another

al t er nat eworzthewdiimmnt , t he chemically resistant |ayer 34@crascespysdo at t he
predeterm ned | ocations using a |ithographic process known to those skilled
in the art. The housing 332 defines an interior region 334 for receiving a
cylindrical roller 340. The housing 332 holds an etching solution for
removi ng esypsedalposthibmstoofilm hs idesmeibepoatioivon 3he systerhé7@yinglndes eml

roller 340, .The et chi so] ution,includes nitric,acid.wherein 5 25

per cent of elgarrrogis‘? séro & ?lﬁ‘étr%c{ecﬁaﬁgﬁs%lauﬁ?]g%ei QY 3r7?1<t ag]@?eﬁT apialeh 3??1 &rnate

enbodi mentmotdre3 78} ahiniigp SEb.uk iffer i38a] HdBSekyidrMah sotice Fel dndhCESiHIS to 25
percent of a mass of the etching solution is hydrochloric acid. Wen the

cyl i ndri cafomRiteed88340 is rotated within the etching fluid, the etching
fluid renoves portions of the cylindrical roller 340 proximate the

| ocations PAbelcfrddf s REHHELH RULEAGP ABRLEL B REINRShafi it EudEL cent of

sl ope angl es on the text surface e av nzero an
degr ees. Tieonet corf3&@6395 topenatd yortonplefdht sutthee 691 itadsbitaiala texthred 340

and is provigded rotate the cylindrical roller 340 at a_predeterm ned
rot ati onal S%%S%dh?q'ﬁlscqﬁﬁe&% 233 ‘ir%bqﬁ F%‘ﬂiﬁ%‘b@ the ValtagerRurs SddiaRg resses | n an

al ternate £oHodeTRA thelJofafPIRFceDHa thS eﬁérﬁt@%ﬁ%ﬁcﬁw s'ﬂaﬂ?hé?é é&'@olrh%gsx‘]% ng 332

with a shaft (not shown) extending throug e housing 331]coup o the
cyl i ndri cad rang b€l 084004 welts dftetvoltgge baireend Tdeis (@éiblyTévaphedriv tid canmiwput er

338 generates sigha M | ) that induces the notar 6,to rotate the
cylindri ca(fon?l?ﬂ% reérgg&g4j{hé\lcmgl reget qrﬁ%ﬂe%enfz 3 O¥eat @%Seth’?‘t Wﬂ‘_‘“ﬁ?ﬁrtg?lcul ar,
the notor GifgeaBufcet Buetd bsplgYd pRdeletinel Obdifke 3¢ khalcl&ib@d at7bOnghe speed
in a range of 1-50 revolutions per mnute. Referring to Figure 23, a system

370 for foNlestragead Reist tirdhar opefablyecanplechéo ¢he lineari actiateop7@r When jthe

accor dance, Wi 00 € a odi nent _Ls,illustrated. .T
cylindri ca‘f}Wrn gﬁfaee}? 8@%%986{%(13%@% l]J(%tIX‘iel ;%8 egelc rﬂ%ef kfznlstrﬂgvefgeﬁ?n%ﬁ’f%ﬁzzﬁﬁ?(hg
syst em 100itestividiedigcipgsiangl st eaklelemové pofions b WyBAdridapsdlleE 30@Y er
t hat can be subsequent|y cut ) v

to form a textured Surface wherein between 7 to 20 percent of slope angles on the

textured surface have a value between zero and five degrees.

The pump 382 is provided to pump a dielectric fluid from the dielectric fluid reservoir
386 through a filter 384 and finally through the nozzle 380. The nozzle 380 directs
the dielectric fluid onto the outer surface 391 of the cylindrical roller 390. The
dielectric fluid is utilized to conduct an electric spark therethrough to the outer surface
391 of the cylindrical roller 390. The nozzle 380 is further operably coupled to the

linear actuator 376.

The linear actuator 376 is operably coupled to both the electrode 372 and the nozzle
380. The linear actuator 376 moves the electrode 372 and the nozzle 380 along an
axis 373 that is substantially parallel to the outer surface of the cylindrical roller 390.
In particular, the linear actuator 376 moves the electrode 372 and the nozzle 380
along the axis 373 from a first end 393 to a second end 395 of the cylindrical roller
390.



into a predeterm ned shape to obtain a film having physi cal
characteristicssubstantially simlar to film 28 descri bed above. The system
370 i ncl wsexo@migioect rode or an el ectrode array 372, a yofrhsg@ssewmnee 374,
a linear actuator 376, a notor 378, a punp 382, a filter 384, a dielectric
fluid source 386, and a control conputer 388. The el ectrode 372 is provided
to iteratively discharge an electric spark that contacts an outer surface
391 to renbyempyr Bi7% ksonstablheoupled tacke B@indricaloobét 30rto aotaextherrditr 800 f ace.

The el ectr 721 erabl,y coupled to.the volt ource 374 an
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374 is operably coupled to the control conputer 388. The control conputer

380 gener ags@sraesqy signal (VN2) thatizgdugen diccmstor A28 teototaigthesylindrécaiodler 39Gippl y a
predet er m g ré(“g’l‘m‘fﬁ?% ahggal%ge%t rode 372. The electrode 372 is further
ed to the }I n

operably cou earacftuator 376. When the cylindrical roller
390 is being rotated, the electrode 372 is noved al ong axis 373 and

i terativel Thallighthatlgeatingnamel dédfusing fHpaddd the mehod forpabtifaderigd tHehBlim
cylindrical roller 390 to forma textured surface wherein between 7 to 20
per cent of RICSHUS & gyistantighadvartage Qverateer systems ant methodlsy An partisulendks zer o
and five v LS i [ he fluid from
fhe di o ectrrn Pl o R IR oF A iR RHCECRr pRRHAR #BhRL BEet el U ough
t he nozzl deg8ted Thtcacapitde 380litfusieg tlipht hkatdiaal madily endnufiicthiredivdttione out er
surface 391 of the Lindrical roller 390. The die]ectri¢c fluid is utilized
to conducﬁ’aé{wge?né’c?ﬁtéor@ g}a%“(ahéfﬂé‘gkﬁdgﬁ(gﬁo {h PR Ay e SUChras RABYSHYNGF ¢ he
cylindri cajealiPdd racd@fte sdigomozzl e 380 is further operably coupled t'o the

| i near actuator 376.” The linear actuator 376 is operably coupled to both

the el ectrode 372 and the nozzle 380. The linear actuator 376 noves the

el ect r ode While hednyensiondy dessribgbwith sefgreane txexengitaytembodingensy liswihe al | y
parallel t Fig. SHI e £ylindrical .roller 390 |n particular,
the Ii near&g%?ﬁ)gta gfr)}?é]}%%rr%@ggd ? %ethglaég%ﬁ?act)d\ém@?% LRREPHIER ezlnéa%%@“gl ong
the axis 3qBivhfente mafibestbstindeBaD el@nantsheRodwethoutiRpadihg Hign Geldcagy i cal

rol ler of the invention. In addition, many modifications may be made to the teachings of the
invention to adapt to a particular situation without departing from the scope thereof.
Therefore, it is intended that the invention not be limited to the embodiments
disclosed for carrying out this invention, but that the invention includes all
embodiments falling with the scope of the intended claims. Moreover, the use of the
term's first, second, etc. does not denote any order of importance, but rather the term's

first, second, etc. are used to distinguish one element from another.
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390. The notor 378 is operably coupled to the cylindrical roller 390 to
rotate the roller 390 while the linear actuator 376 is noving both the

el ect r odew®d8ocanazobhe nozzl e 380 along the axis 373 frowcrhs2@582898 to the
end 395. The control conputer 388 generates a signal (M 2) that induces
the notor 378 to rotate the cylindrical roller 390 at a predeterm ned
rotational speed. The light collimating and diffusing filmand the nethod
for manuf dek HWﬁg the filmrepresents a substantial advantage over ot her
systens and nethqds. In particular, the systemand nmethod have a technical
ef fect of-wmgmgghﬁgaﬁmplastic | ayer having a textured surface capabl e of
diffusing Iight that can readily manufactured w thout having any additi onal
mat eri al being added to the plastic |ayer such as polystryeiie beads or an
acryl ate slol ut iAhghtwbilimatitpeandriiffoding filn, chaeseriz&Eey:W th reference to
exenpl ary enbodi ments, it will be understood by those skilled in the art

that variqus, changes be e and equival ence nay be substituted for

el ement s tah@?éei]ocfla 'rt(ﬁgﬁga‘ﬂ’é%g‘rafidl%ﬂg‘? ﬁ%ﬂ]aﬂlﬂé‘ sseonsbside (#3)eonpasiemthedist | n

addi tion, sin@oyesd fat ¢eaki @ HstTBoHAGraR LR fiRAGhI - tvention
to adapt to gmpgrati gul ar si ttSJa ic?% vE\l/i tﬁ uﬁ@&’e%%r‘?’?ﬁ%awgﬁ ?%Véﬁégo%ét

t her eof . TewdvIse spidace] whersin brteaciedta Papercte of slopatingles awthelfrst feRiui@d to t he

enmbodi nent_s...di_s far_car.ryj out this.invention, but that the

i nventi ontslﬁrnfgl%eu‘%](e)gﬁlgﬂq? agfgr]rﬁto%ﬁ]f‘ri@g"af@lai Yalge Retwigen gero Ve flegress, the ended

cl ai ms. Mfirsaxar(62) bengiSbsehtibMepieNdTts td Kt perpB&ANE, { denote
any order &f y irportance_ but _rzh;}fta er the term%er%i rst, gseggg)ﬁﬁﬁg?%%are used
to disti n@lAsihlayre28) entlimates light prapegating therethougihat is claimed is: 1. A
light collimating and diffusing film characterized by: a plastic |ayer

28) havi a fp o3l da: » S| 4 posite the first
gi dZa (46) o ggjéﬁieggt&g"%é?’)é &B‘gﬁ?fgfﬁs?r%?‘ﬂ‘éa%fgaﬁéﬁ?‘) PRECRrized 10, ty (46)
having a betvesen t7esct 20 gercent bhskpe winglesion hetfeerxfréd sedadeseetatdh sl ope

angles on_the.firs xtured surface proximte a first axis (62) have a
val ue bet SESR i"é’rso(%giga‘ffi b ah@é?eé%??n tee and five degrees, the second axis (60)

being substantially perpendicular to the first axis (62).

3. The light collimating and diffusing film of claim 1, characterized in that the
first textured surface comprises a plurality of projecting portions (52) and a plurality
of trough portions (54), wherein each projecting portion (52) extends outwardly from

at least one adjacent trough portion (52).

4. The light collimating and diffusing film of claim 3, characterized in that an
average height of the plurality of projecting portions (52) is within a range of 25-75

percent of an average width of the plurality of projecting portions (52).

5. The light collimating and diffusing film of claim 3, characterized in that an
average width of the plurality of projecting portions (52) is within a range of 0.5-100

microns.

6. The light collimating and diffusing film of claim 1, characterized in that the
plastic layer (28) collimates light propagating through the plastic layer (28) from the
second side (48) to the first side (46).
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first axis (62) being substantially parallel to the first peripheral edge
(61), wherein the plastic layer (28) collimates |ight propagating

t her et hr owmghoosi47be |ight collimating and diffusing filporafS2asansewd,
characterized in that between 7 to 20 percent of slope angles on the first
textured surface proximte a second axis (60) have a val ue between zero and
five degrees, the second axis (60) being substantially perpendicular to the
first axis’/-(62)Thelightirellimafing andl diffirsing dgmaeficldint Hushangctéridethinfthalthé m 1,

characteri = first. textur surface -conprises a plurality of
proj ect i ndﬁ %%lrc t]?%éﬁg§§)5%iﬁlgﬁ%s ]’:B{ B?-Séﬁnﬁﬁge%'?‘r?“rggdawa 1 B Pefpsadiculgher ej n
each proj actthaygapieribye@n2§)52) extends outwardly fromat |east one adjacent
trough portion (52). 4. The light collimating and diffusing filmof claim
3, characterizgﬂ]in t hat an average height of the plurality of projecting
portions (52) i %@%i%”&n@ﬁaﬁg@dd%ffz@ng Inerfcdaim bf chamacterivedge that dbér of ¢ he
plurality r O4 { I ) e light collipating a

di f fusi ng S?{:?r%sg @@F%%]n@?gecﬁgg%gg gg%grgg S}lr-rllfg‘iehg;h grqu goReLgan of g‘ﬂ"ﬁ‘?g* t he

pl ural ity 7fpepeant f slopg apgies dotise £bA)d iestunéd Rirthcd hevdg&aRE Hivaseh GRrd1i Cr ons.
6. The Ii hag.col iimating and diffusing filmof claim1, characterized in
that the %I" VEdegigehr (28) col limtes |ight propagating through the
plastic layer (28) fromthe second side (48) to the first side (46).7. The

|Ignt. col lo. mat i 1M cBilinddbnd ditrRinl SEhUrBm PIAARIGEEE 5 ol dhal the
pl astic |ayer 328) collimates light passing therethroug owar d an axi s

per pendi culastic dayer (8)ploatainscar agtenal pghtend.in Bhangé gfid.00041l0 pacémapfand

di f fusing.,fi f imJl, characterized in that the second side (48)

conpri ses télgaislgé%noﬂe?? Ured surface, wherein greater than or equal to 70
percent of slope angles on the second textured surface have a val ue between

zero and flove d@grlighs collimatiflg ahb&liffihy fER!JfidME NOHanlietizEd usimgafd | m of
claim1l, c?ar,agﬁt erized in that the plastic |ayer (28) contains an optical
bri ght enePlaSHC BYELEGe cYitains apantstaticserpennd therein.

The light' collimating and diffusing film of claim 10, characterized in that the

antistatic compound comprises a fluorinated phosphonium sulfonate.

The light collimating and diffusing film of claim 1, characterized in that the plastic
layer (28) contains a UV absorber compound in a range of 0.01-1.0 percent of a total

mass of the plastic layer.

13. The light collimating and diffusing film of claim 1, characterized in that the
plastic layer (28) has a thickness in a range of 0.025-10 millimeters.

14. The light collimating and diffusing film of claim 1, characterized in that the
plastic layer (28) has a thickness in a range of 0.025-0.5 millimeters.

15. The light collimating and diffusing film of claim 1, characterized in that

between 7 to 20 percent of slope angles on the first textured surface are between zero

and five degrees.

16. A method for manufacturing a light collimating and diffusing film, the method

including extruding heated plastic through a die (104) to form a plastic layer (106),

the plastic layer (106) having a first side and a second side opposite the first side and
28



total mass of the layer. 10. The light collimating and diffusing fil m of
claiml, characterized in that the plastic layer (28) contains an

anti st at iwocosgmaymng therein. The light collimting and ecfrfussisg29ebs m of
claim 10, characterized in that the antistatic conpound conprises a _
fluorinated phosphonium sul fonate. The light collimating and diffusing film
of claim1, characterized in that the plastic layer (28) contains a W
absor ber c@npastuadirst peaphangegefthe phitid [a@ep@O6pattemifingalvng dbthresst afis t he

| astic | .. 13.. Th ight collimating apd diffusing filmof claiml1,
ghgfalcf er;fjl‘%z/ngr Sleﬁmfdn%ﬁlse’ dﬁfl\egﬁi LS L%‘ngﬁwg’(‘% Pﬂéﬁe]éoﬁﬁ_ iR ?%Flf?fﬁ‘%gfange of
0.025- 10 niht| deBicerasis béing [$t®stah&dlly peipehdBiibNgo ane Gisf fUR NGe frhbdp@f clai m
1, characterized in that the plasti'c layer (28) has a thickness in a range

of 0.025- (cheragfarizedby:ers. 15. The light col limating and diffusing film of
claim1l, characterized in that between 7 to 20 percent of slope angles on

the {1 st BibbLelaaULLaneal S ELRP R AR A S dE e TR By ™ "

for manufacturtng a lig I'mat’rng an _ _
i ncl udi ng Erdaterdiing teeptedrgladti ¢ through a die (104) to forma plastic
| ayer (106), the plastic layer (106) having a first side and a second side

ite the first side andat ast a first_ peripheral edge, the plastic
f’g;’fgf' (ioé}"’%}% éﬁ%?ﬁ@t‘%ﬂ@ﬁb(m e&”‘feflrérﬁt and second ratating xbndrigal ,rolf)ewe fi rs'a
axi s bein u ifakd Wipagad ! t d r . secon
axi s bei n%%’u@’?%%itglgtl %/&h%g{‘ﬁdé rEtler! (B4} Bhtdcng PR R @{thfﬂ%@%h?g{j
char act eri(28@ g theosdcond catindraab trolteng(108) tontadtingnitie secamidsidet thii Mgt

i i .ol 08) bel det i ned ! ;. and novi ng
The. pl st | CiTayET 57 EPRgS 7 46 B SHBtnE Rt BT Bge &5 the leri

| i [ ifefd, : first
i de o the ol st ol el ron) a0 ierent 8 Me difks SRRt bt )

cont act i ngutiAes mexiorde Biedisst axisdhave ayalue petwagnizeml anddivieategledd) forning a
first textured surface on the first -side of the plastic

7. The method of claim 16, characterized in that between 7 to 20 percent of slope
angles on the first textured surface proximate the second axis have a value between

zero and five degrees.

18. The method of claim 16, further characterized by winding the cooled plastic

layer around a receiving spool (118).

19. The method of claim 16, characterized in that between 7 to 20 percent of slope

angles on the first textured surface have a value between zero and five degrees.

20. A system for manufacturing a light collimating and diffusing film, the system
including an extruder device (102) operably coupled to a die (104), the extruder
device (102) urging heated plastic (106) through the die (104) to form a plastic layer
(106), the plastic layer having a first side and a second side opposite the first side and
at least a first peripheral edge, the plastic layer (106) extending along both a first axis
and a second axis, the first axis being substantially parallel to the first peripheral edge,
the second axis being substantially perpendicular to the first axis, the system

characterized by:
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| ayer (106), wherein between 7 to 20 percent of slope angles on the first
textured surface proximate the first axis have a value between .zero and
five degrweooslod4709he net hod of claim 16, charact eri zedpcm/ushas/obsbaveen 7
to 20 percent of slope angles on the first textured surface proximate the
second axi s have a val ue between zero and five degrees. 18. The nethod of
claim 16, further characterized by w nding the cooled plastic | ayer around

a recei vi s pabiseqond aydipdrigd rofipes (pdt HO8) dispesedi ProxBnate loae anoler Zed i n
t hat bet“qg&ﬁﬁgéﬁgﬁgaﬁﬁﬁ%ﬁﬁkﬁﬁﬁlﬁkppe angles on the first textured surface

have a val'ue: n-zer ive degrees. 20.- A system for manufacturing
a light coH mating and diffusing film the systemincluding an extruder
devi ce (1QR2kodpeyr dblive dRP| echiigoral i eodlladJeast bae exft thedBrst dadi weofd 02)

urging heated plastjc (106) through the die (1O4) to forma plastic |ayer
(106), the¥ s dollegyep4n Qﬁ>nlge?%wm P@e@}’ﬂ’é“ﬂéﬁamﬁe@@é%n@‘%rF’éPet?‘G Ssite the
first sid : i r.st I r ‘ ; Vi 106)
ext endi ngecX? gﬁ%&?)(r)(%lﬁég&})?cp é%a&t;;}llés)ﬁgﬁ%gllag ngehgﬁ%%&%)&?(ﬁ@%w r%sr%qéaait:irg{ bei ng
subst ant i akxtyredasuafakcelont thetfivet fide of the plastealer e, thehsecend oplindrical bei ng

subst ant i al di cul to the first is, t 1 ch terized
oyo T rot antoABEREEA et 5 oihE riBle Tash{ O LRbGEn HRbEALL one

anot her f ofp s&6&k ¥ A8pd A1& @steFirkia¥Qirdd@fthee podinRaté ARl fildfadeKhvess (120)
configured to cool at |east one of the first and second cylindrical rollers

(64, 108) vabiedwtwequrasteanst imvexdagreesnper at ure, wherein the first cylindrical
roller (64) contacts the first side of the plastic |ayer (106) and forns a

Second oyl dnar o YRE StiEa hEheRifD Bk SR o0 B b e | 0°

| ayer (10Gnglesharie miratxwaad sarfate gldxpaite ahd sebnd e chaan gl @sueobetivben f i r st
textured surface_proximate the first axis have a val ue between zero and
five degre?@ﬁqm’ﬁifiYedﬂgée%~ystem of claim 20, characterized in that between 7
to 20 percent of slope angles on the first textured surface proximate the

second axig havﬁlleasyé?elrﬁ"%f RELMEEHR characterized in that the second cylindrical roller

(108) forms a second textured surface on the plastic layer (106), wherein greater than
or equal to 70 percent of slope angles on the second textured surface have a value

between zero and five degrees.
23.  The system of claim 20, further characterized by:

third and fourth cylindrical rollers (114, 116) disposed proximate one another for
receiving the cooled plastic layer from the first and second rollers (64, 108), the third
and fourth cylindrical rollers (114, 116) both being configured to rotate to urge the
plastic layer toward a winder device (128), the winder device (128) receiving the

plastic layer and winding the plastic layer around a receiving spool (118).

24.  The system of claim 20, characterized in that between 7 to 20 percent of slope

angles on the first textured surface have a value between zero and five degrees.

25. A method for manufacturing a light collimating and diffusing film, the method
including heating a plastic layer (154), the plastic layer (154) having a first side and a
second side opposite the first side and at least a first peripheral edge, the plastic layer

(154) extending along both a first axis and a second axis, the first axis being
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zero and five degrees. 22. The system of claim?20, characterized in that
the second cylindrical roller (108) forns a second textured surface on the
pl asti c |Iwpenosci@®p, wherein greater than or equal to 7@cparse@si2ssbo sl ope
angl es on the second textured surface have a val ue between zero and five
degrees. 23. The systemof claim 20, further characterized by: third and

fourth cylindric rollers ( 14, 116) di sposed pr.oxi nmate one another for
recei vi ng Y& ye}EPr?Jbeié? itie %%?}/@F“??]?%% g e sstond irissheiba aubstantisly (64,
108), the dﬁ@béﬂi@%té%fﬁr& E&Yi'rt]}fm{lbtﬁ%cﬁeﬁ%ét&ﬁz%d(bglld” 116) both being

configured to rotate to urge the plastic [ayer toward a w nder device

(128), the wi nder device (128) receiving the plastic [ayer and wi nding the
pl asti c | ayeatingrap Uerst ane edetheifirgt spbeecopnd 18ndri@d . rolfers (ys160 afovel ai m 20,
characterig bet 7 to 20 percent of slope angles on the first

in.that t ween
t ext ur ed s%rgéj%tt%’?emﬂ%@gmge\?ﬁﬁ&ea"get ween zero and five degrees. 25. A nethod
for manufacturing a light collimating and diffusing film the nethod

i ncl udi ng heahinbe alapli@sdyiet (1) Setiddnfinst bh® s@dodd trb@tih@¥§Tindrd@t rol@yi ng a
first side and a second side opposite the first side and at |least a first
per i pher al (0&d{R0) wheeeipthesfirsg cy af notley (e tcontarts ghefis gidsonfitheplastist  axi s
and a sec k5, i 1.8 hei i.ally parall e 0 the first
peri pher aﬂggeégg,s@t%tgnggfg%‘%%aa@gé%%?ﬁ%@ﬂﬁ@?&ﬁaﬁslﬁée Seecrof}gr%‘iec&heaﬁrs o the
first axi sylintecareslhwdcthivraiies ifize dedtyred Redhdengh e fireasilie prRimhtetthe first
and second. c Ii.ndé'bca rojlers &24 16@/\0%@above a_predeterm ned tenperature;
and novi ngﬁfﬁﬁaé“ pih¢ plasticlpuer (1 §8) yhersinpatwesn 7 &a 20ipricer o6 slape argles ony
cylindric I i £ L ical roller (64)
cont act s e T o Gl b AR B L b s e RERE ekl

cylindri calegresb.l er (160) contacts the second side, the first cylindrical
roller (64) formng a first textured surface on the first side proxinmte

the first pxis Qf t | astic,Layer .154) , erein between 7 to 20 percent
of sl ope afF?g| esﬁlgﬁn%}ﬁ%&)?féglgn ?é%ﬂfﬁg rigeft %’é@%?%‘?ﬁnritpez\efﬁ?écw Pgilol?&i s have
a val ue bemgRenzRe Giranextiiedeudes BRXImate the second axis have a value between

zero and five degrees.

27.  The method of claim 25, further characterized by winding the plastic layer
(154) around a receiving spool (170).

28.  The method of claim 25, characterized in that between 7 to 20 percent of slope

angles on the first textured surface have a value between zero and five degrees.

29. A system for manufacturing a light collimating and diffusing film, the system
including a first heating device (156) configured to heat a plastic layer (154), the
plastic layer (154) having a first side and a second side opposite the first side and at
least a first peripheral edge, the plastic layer (154) extending along both a first axis
and a second axis, the first axis being substantially parallel to the first peripheral edge,
the second axis being substantially perpendicu]ar to the first axis, the system

characterized by:

first and second cylindrical rollers (64, 160) being disposed proximate one another for

receiving the plastic layer (154); and
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26. The nmethod of claim 25, characterized in that between 7 to 20 percent
of slope angles on the first textured surface proximate the second axis
have a vavoeowatiymen zero and five degrees. 27. The net rod/uskoosloasem 25,
further characterized by winding the plastic |ayer (154) around a receiving
spool (170). 28. The nethod of claim 25, characterized in that between 7 to

20 t of ; | e n the first textured surface have a val ue

bet Sééﬁei‘ear gecaﬁéj ?*ggtvg%n 8@85%2%7.2) ronfigured 4o dient at leasinereaet first ragdaseconsht |
[1imati : i i i g i NG i ng. i tdn evi ce

£256) "contr unaterfirdledSldig bb} Dnct P RYELCERALHIEIG (al bRbLORARG S

havi ng a fsidesdf the glasanthyar §6donod $irds ofiposixteed berfiderst theifte adamt | east

a first i pheral edge, the plastic |ayer (154) extending along both a
first axi SPangoal %%ﬁﬁ%?ﬁ@{ BisiE contaty ﬁ‘&ﬁe&)fiﬁ’eﬁil%ogmﬁéﬂ cilayer 31 Har al | el
to the firger@iBrbdNesRl 8A28, pdrB&:t Sﬁcglege aa’ﬁ'g]%ﬁb(ﬁl e %Qsﬁfﬁgﬁ{scﬁlshyfa%e
perpendi cular to the first axis, the systemcharacteri ze y: first and
second cylprerdmiatsathe Aot wis daya yalagbytwisen nggo dind fivs degmpesoxi mat e one anot her

for receiving the plastic |layer ( 154); anda second heating device (172)
l.i.ndrical .rollers

configurednto t I t e of first .and second,_C i

(64, %60) ,°°\'Aheﬁ§’|%r?y%%’ ¢ e yFﬁ%&‘“ftP&?ﬁ ip Jfat EF‘W(GS‘AY 1 GRPeEseat 9 0RS r st
side of t hagles astthe fikayeltuled kacepdxindttébheAscebiic hixit B4l SR Wehi&d on the
first side and the secand cylindrical roller (160) contacts the second side

of the pl &8t ad|ipalegiees4) " wherein between 7 to 20 percent of slope angles
on the first textured surface proximate the first axis have a val ue between

zero and hijve d4ggr&esm 39{;1%{4929%%51% eﬂ%ecf:hfh]mt 48e s%&')?gx i%liciigazﬂrf)ilgr-that

between 7 to 20 percent o opé angles on'the firs ure ace
pr oxi mat e (1609 feeuondeexidsteharel surfakwa thetsseand zide,owhadin’ grestedl @ginegs. 31.

Th t f claim?29, characterjzed in that. the second cylindrical roller
(1(6350)83/1‘S o(rarr%qﬂgaa\ tge@)ﬁarcﬁ%tx?ﬂ?]é?ae 2neles 8 Br serends sxbped sidace hiver &ivalugr eat er

than or egu@lechQerbnBevedRLreef. Sl ope angles on the second textured surface
Ji ave a val ue

32.  The system of claim 29, further characterized by:

third and fourth cylindrical rollers (166, 168) disposed proximate one another for
receiving the cooled plastic layer from the first and second cylindrical rollers (64,
160), the third and fourth cylindrical rollers (166, 168) both being configured to rotate
to urge the plastic layer toward a winder device (180), the winder device (180)

receiving the plastic layer and winding the plastic layer around a receiving spool
(170).

33.  The system of claim 29, characterized in that between 7 to 20 percent of slope

angles on the first textured surface have a value between zero and five degrees.

34. A tool for forming a textured surface on a light collimating and diffusing film,

characterized by:

a cylindrical portion (64) being disposed about a first axis (66) and having an external
textured surface and first and second ends (211, 213), the cylindrical portion (64)
further having a first line (68) disposed proximate the external textured surface

extending substantially across the cylindrical portion (64) substantially perpendicular
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bet ween zero and five degrees. 32. The systemof claim29, further
characterized by: third and fourth cylindrical rollers (166, 168) disposed
pr oxi mat ewoneosanetober for receiving the cool ed plastic lpayas2iosorsebhe first
and second cylindrical rollers (64, 160), the third and fourth cylindrical
rollers (166, 168) both being configured to rotate to urge the plastic

| ayer toward a w nder device (180), the w nder device (180) receiving the

plastic | &ythe fstiend (ilhgthe salipdriget pertioay(éf) Brthenhawng acescdndine fdY ~(170) .

33. The system of claim 29,. charagt gri i . het . er cent
of sl ope ﬁ%?%égoﬁvP%% ﬂ%??ﬁ? x?ﬁrgﬁ éﬁﬁrﬁ@%ﬂ avggh(§§fggg%é@ﬁé§ngzero and
five degr gagetedflineddisedlce from fhefifitrgd © 119xthuer@rmiitekaced anfae haghg a

collimating and diffusing film characterized by: a cylindrjcal portion
(64) bei n@g’dﬁﬂﬁbdﬁfeﬂ’owﬁﬁg Rerienssandy A Rluyadisy Ogrfbourgévi’ OB WREEN CE‘t ext ur ed
surface angd.first S e, Lyld ot =1 P ion (64
further nicpreand pltiy SREARE @RFAG Iok 4f b rePaliichl HAER PR, Ml ed
s ulr3 face exslthlem‘li g PuhBtyafiprajettingmorias dndehe phiralily of atbuglopartions d&itie
substantially perpendiculartgo the first _en 21 1),.the cylindrical portion
(609 Fur ¢ AR g e SBEIGH AT S1B betrsph b SAaRT e b SoRY PRAFTARRY Of ¢ he
cylindric i antd al.l ; ] 4 I £@m t he
st end ST e B o P T o

proj ect i ngalpebtivwees zeodnd fiyedeglees.y of trough portions, wherein each
projecting portion extends outwardly fromat | east one adjacent trough

portion, wherein th lurali,ty of projecti ortd I lity of
t r ough po\lygi onﬁﬁi‘fq?ﬁgctél%%’r%aﬁcﬁnﬁ 9%’6{;&5‘?{8 ne%%’%ér}g?n&lggte V\S/eeP% 7 to 20
percent. Ofan%leﬁ ofi| AP ex @] aSxtAfedt Sgfaey %ﬁé)ﬂﬁiatet Bathuhe dirstulih@¢es)parix theat e t he
first line (68) or the second |line (70) have a val ue between zero and five

degrees. 3econt e (YYhawe a vpluf hetseen geraread fveidegrges n t hat between 7 to 20
percent of the slope angles on the external textured surface proxi mate both

the T11St skl Ne 18301 3PCral34 G terlzbl  ECehEAP7 fo HPbiEar BFMRRIbRET 0 and

five degreées. .
angles on the external textured surface have a value between zero and five degrees.

37. A method for forming a textured surface on a cylindrical roller (64), the
cylindrical roller (64) being disposed about a first axis and having an external textured
surface and first and second ends (211, 213), the cylindrical roller (64) further having
a first line disposed proximate the external textured surface extending substantially
across the cylindrical roller substantially perpendicular to the first end, the cylindrical
roller (64) further having a second line extending around a periphery of the cylindrical
roller (64) substantially a predetermined distance from the first end, the method
including rotating the cylindrical roller (64) at a predetermined rotational speed about

the first axis, the method characterized by:

emitting a pulsating energy beam that contacts the outer surface of the cylindrical
roller (64) at a predetermined intensity and moving the energy beam from the first end
(211) to the second end (213) of the cylindrical roller (64) during the rotation of the
cylindrical roller (64), wherein the energy beam removes portions of the outer surface

to obtain the textured surface, wherein between 7 to 20 percent of slope angles on the



36. The tool of claim 34, characterized in that between 7 to 20 percent of
the sl ope angles on the external textured surface have a val ue between zero
and five woegn@aa47087. A nmethod for formng a textured swecraseosn2®99
cylindrical roller (64), the cylindrical roller (64) being disposed about a
first axis and having an external textured surface and first and second
ends (21 1, 213), the cylindrical roller (64)_ further Q a first line
di sposed mxa;redwﬁaréaC? m@@m@@rth%lﬁrﬁt SIRE OF e seepdiline lééaiee@h%ﬂ %WB@H ZAPial Iy

acr oss th ag%% roller substantially perpendlcular to the first end,
t he cyI|n |ca er (64) further having a second |line extending around a
peri phery of the cylindrical roller (64) substantially a predetern ned

di stance $8.0om The nfatlmit ofeaiaim Bhe:hamti@uded nnﬂhadbﬂgecmﬂ ao 2Agerdeat efhendr i cal

roller (64) at term otation d ut e.first .axis, the
met hod chélPH%ta%g}Pg exr@Fﬁ ffrr"]fje Bmﬁm]%ﬁtboﬁb&’&ﬁ?taipeb@ e 5% Ongg Macts the
out er SurB%@Jmétk&weéﬂw@aﬁ&ﬁbea@iré&r (64) at a predetermined intensity
and noving the energy beamfromthe first end (21 1) to the second end

(213) of the cylindrical roller (64) during the rotation of the cylindrical
rol ler (639, whbesiathadhel dnier & @ﬁieﬂé%%@abb?twe@hg to20tneecestipetesur f ace

t bt th d f sl
angl os- onsPREPE LAY PR ESTSBAT G DuBEbURRR e BB oeagRl 00 81 PP

have a val ue between zero and five degrees. 38. The nethod of claim 37,
char act er 4ged iThe trhéthod &ff vebsim 37td1a2£btwedeimthaf at liveeas Ispgeel afhgh @sitan t he
textured surface proximte both the f|r l'ine ang %ggﬁ ?nd | i ne have a
val ue bet Wedarezelr e aaylindicad relder G8s is 3‘9t ml'ﬁefaﬁ%q AbASwPOE mallgneters per

char act erlsgc%gdl n that between 7 to 20 percent of the slope angles on the
textured Surface have -a val ue between .zero and five degrees. | ' 40. The
nmet hod of claim 37, characterized in that a |linear speed of an outer
surface oftlt he T(hylmctﬂod odil claiml B@r chagarferized vint thanthe enengye bedm 2512600

{nhlel Ie::]rgf. ggj‘e Btger Isgeec HCE%II rolTerEf6Jiseat gos%e‘%fwﬁfn%larpagg?d Of%{'@dl@&ﬁ Efm']l%rﬁ&elisn t hat

per second.

42.  The method of claim 37, characterized in that the energy beam has a focal
diameter at the outer surface of the cylindrical roller (64) in a range of 0.005-0.05

millimeters.

43.  The method of claim 42, characterized in that the energy beam contacting the
cylindrical roller (64) has an energy level in a range of 0.05-1.0 Joules delivered over
a time period in a range of 0.1-100 microseconds for a predetermined area of the

cylindrical roller.

44.  The method of claim 37, characterized in that the energy beam comprises a

laser beam.

45.  The method of claim 44, characterized in that the laser beam has a wavelength

of 1.06 microns.

46.  The method of claim 44, characterized in that the laser beam comprises a

Nd:YAG laser beam.
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relative to the cylindrical roller (64) at a speed within a range of
0.001-0.1 mlIlineters per second. 42. The nethod of claim37, characterized
in that twWweewangywobeam has a focal dianeter at the out ecTaseédoeseed the
cylindrical roller (64) in a range of 0.005-0.05 mllineters. 43. The

rrelt hog of claim42, characterized in that the energy beam contacting the
cylindrical roller (64) has an_ener level in_a range of 0.05-1 .0 Joul es
del i ver ed4éver The t”i‘é@‘{)@fr ¢laian Bh @afag egfn @ailhfo@e}ggyc?qggbegﬂmseﬁgp a

pr edet er mfé@t?or?ﬁé%? of the cylindrical roller. 44. The nethod of claim 37,

characterzed 1n at the energy beam conprises a | aser beam 45. The

nmet hod of claim44, characterized in that the | aser beam has a wavel ength
of 1.06 n#BronThe4bethdhef robtilmodl7,ofhacictirized4n thdtathadteami ewuiprisgs tanaiont he

| aser beam conprises a Nd: YAG | aser beam 47. The nethod of claim 37,
charact er 8% in that the energy beam conprises an electron beam 48. The
nmet hod of claim 37, characterized in that the beam conprises an ion beam

49. The ngphod ot nedifida 3 TaimCIRCR&hEEAZR0n ikt kielextuld duebabeleatipiddes hace
conprises a plurality of projecting portions and a plurality of trough

porti g_ns, plunaitii of pragdetipg gjosiderisngndper ploentiteof drepshopertiensd | Whareisneash | east
one adj acent trough.portian. 0. .The nmetho ' )5 cterized in
that an aVEPH é’bﬁgﬂaﬁtexﬁffn(af ﬂ‘étwﬁlr ‘H?/gﬁ"ﬂngt ]8?598$%?&%;‘t%?’{r?6§‘?¢%‘r I onlg is within a

range of 25-100 percent of an average width of the plurality of projecting
portions. 561. The methboddbfotlah aiom ch@racehiacdhdn aehatzed avarapbdteight afvthreage

width of the plurality of projecting portions_is within a range of 0.5-100
m crons. Blralfty RitmeEClRg PPBIORS Ay WAk 2t Tapes of @?Tlggepeé?fmé of \A; 3Faeal

roller (2¢fdth Jrid plurality of projecting portions.

'

51. The method of claim 49, characterized in that an average width of the plurality

of projecting portions is within a range of 0.5-100 microns.

52. A method for forming a textured surface on a cylindrical roller (278), the
cylindrical roller (278) being disposed about a first axis and having an external
textured surface and first and second ends, the cylindrical roller (278) further having a
first line disposed proximate the external textured surface, the first line extending
substantially across the cylindrical roller substantially perpendicular to the first end,
the cylindrical roller further having a second line extending around a periphery of the
cylindrical roller substantially a predetermined distance from the first end, the method

characterized by:

rotating the cylindrical roller (278) at a predetermined rotational speed about the first
axis in an electrolyte fluid, the cylindrical roller (278) being electrically grounded;

and

applying a predetermined current density to the electrolyte fluid wherein metal ions
(276) in the fluid bond to the outer surface of the cylindrical roller (278) to form the
textured surface, wherein between 7 to 20 percent of slope angles on the textured
surface proximate the first line br the second line have a value between zero and five

degrees.
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cylindrical roller (278) being disposed about a first axis and having an
external textured surface and first and second ends, the cylindrical roller
(278) furwbenodmavwiong a first |ine disposed proxi mate thecertsesosabsevbext ured
surface, the first line extending substantially across the cylindrical
roller substantially perpendicular to the first end, the cylindrical roller
further having a second |ine extending around a peri heré of the

cylindrica}. rolFhemetingselanitimadd.haraptediaet B HrhRAWETS { 4h S8 PEFCSH efhbet i r st
end, the Qggglgsh Cétt§£t}lize%dsup%ée %ﬁ&?ﬁétﬁ%oﬁme%ﬁt' I dnddthe 5Qoh&ink278) at
apout the fir I I

a predetef M héd rotational spee st axis in an electrolyte
fluid, theaay vanehbewaber ard ed i2@gréxsi ng el ectrical ly grounded; and

applying a predeterm ned current density to the electrolyte fluid wherein
metal ions (276) in the fluid bond to the. outer surface,qf the cylindrical
roller (278) tgk’? B?eithctdh‘éfr‘i@m ﬁﬁég‘a fepzeen _te‘r’eé?”ﬁerbzg%égrperfeftoog%eper cent
of sl obe aRgl &% Qbr BE 1@ILY St Wal 86 Galll BXERh Serbifid v dbgrobsne or t he

second |ine e a value between zero and five degrees. 53. The method of
claim52, characterized in that between 7 to 20 percent of the sl|ope angles
on the teff.ur edhsumdthed of roaiinnh.eclissadterized inj thetk thej pdindrigaltiolles €2Nd | i ne

have a val ye between ze nd five de rees,. 54 tiho clalm52,
char act er f(;%tas }rht\ﬁ? ﬁgetC%Bg&/\ggﬁ % atr8tagi6nﬂeslp g %’faggﬁé’@ lg) plgvﬁg'}%tglﬁllle é(;)nn t he
textured gimiiaes NaMepaiominuaahel sresseabarsand five degrees. 55. The met hod
of claimb2, characterized in that the cylindrical roller (279) rotates in

the electrolyte fluid at a rotational speed.in_a range of é—lo revol uti ons
per i nut 864 or The matkodyelr dlgim ph haragieggedm @)\_at;,t.hg(;nfﬁgll}pgs_ (%58) CRRMSESt hod of
cl aim52, Cﬁ\}ggﬁ%g%{i zed in that the netal ions (276) conprises chrom um
ions. 57. "The nethod of claim52, characterized in that the predeterm ned
current density is in a range of 0.001-0.01 anperes per square mllineter.
58. The nBThodThé méthbdnB2claioh&2achanctzsred m ttheit the wedetsminesd caeritace
conpri ses ‘

dgnsity is in a range of 0.001-0.01 amperes per square millimeter.
58.  The method of claim 52, characterized in that the textured surface comprises a
plurality of projecting portions and a plurality of trough pottions, wherein each

projecting portion extends outwardly from at least one adjacent trough portion.

59.  The method of claim 58, characterized in that an average height of the
plurality of projecting portions is within a range of 25-100 percent of an average

width of the plurality of projecting portions.

60.  The method of claim 58, characterized in that an average width of the plurality

of projecting portions is within a range of 0.5-100 microns.

61. A method for forming a textured surface on a cylindrical roller (253), the
cylindrical roller (253) being disposed about a first axis and having an external
textured surface and first and second ends, the cylindrical roller (253) fuither having a
first line disposed proximate the external textured surface, the first line extending
substantially across the cylindrical roller (253) substantially perpendicular to the first

end, the cylindrical roller (253) further having a second line extending around a



plurality of projecting portions and a plurality of trough portions,

wherei n each projecting portion extends outwardly fromat | east one

adj acent woau@nipmpti on. 59. The nethod of clai m58, chacaaisesosnestod n t hat
an average height of the plurality of projecting portions is within a range
of 25-100 percent of an average width of the plurality of proj ecting
portions. 60. The nethod of claim58, characterized in tgadﬂ% ver age

wi dt h of pérwhphuelathetcylipgrigs és?léf‘ét(%’d Portanly 3 BreieeAnive quo 5- 100

m crons t mng a textured surface on a cyI i ndri cal
roller (2@]§ﬁr£\eﬁ8 &gﬁa e?rzleézg roller (253) being disposed about a first

axi s and having an external textured surface and first and second ends, the
cyl i ndri cajtatingl the cyl(izbizhl rfoﬂilet t?éb) hltaa/pmgetanmmc@totammnl shespabed the bxstnat e the

external textured surface, r e ex antjally across
the cyl i n#fp &xd WSIQOBWH{]Q%@)@‘ lﬂ?§t@ﬁﬁ) [RYa'] % 8?’2:"’(5%2%) he first end,
the cylindrical roller (253) further having a second |ine extending around

aperi pher é?ﬁlcélﬂﬁo&)mﬂgﬂﬁé ieddl i8Rl (2%6) ahd B néiristad phrtialeh Y238) Ips d@ues i ned

di stance rom t first end, characterized by: rotating_ the cylindrical
rol l er (288facaof theprybidétien molies d2 70 tte forente tejeisd saH Whee bétyeenkis in a

cher cal | SORECRY. Cromerie htre SSpbnaRt A RaRkleh ERriit o BE° 5o

to the outRbndUhé BER DOfallidietaydn s heblive dddréds. (253) to formthe t ext ur ed
surface, wherein between 7 to 20 percent of slope angl es on the textured
surface proximate the first line_ or the dse nd, |ine a val ue. bet ween

zero and Pve dbgmsthod gixlaimhel, RberReEas phbgeen é‘l’ ?[Qtpéfcieﬁteﬁf fi, t hat
pet veen 7sibBs afIRELS Bt eiurdd b OB AR %%tmetﬁ}@t XA BE sl a5

pr oxi mat e Irst i ne and second I'1ne have a val ue between zero
and five #Hegreesue Bdwedheeroendfide dénredsal m 61, characterized in that between
7 to 20 percent of the sl ope angles on the textured surface have a val ue

Chat  the. fon. mibamed SH0 podmraringm uuog Prafedam Pt L orae . o "

in a ranggoft adgleslPmBkSHARB k& TRoe have a value between zero and five degrees.

64. The method of claim 61, characterized in that the non-metal particles (238)

comprise silica particles having a size in a range of 1-100 micrometers.

65. The method of claim 64, characterized in that the silica particles comprise

solid silica particles.

66.  The method of claim 64, characterized in that the silica particles comprise

hollow silica particles.

67. The method of claim 64, characterized in that the silica particles comprise

porous silica particles.

68.  The method of claim 61, characterized in that the non-metal particles (238)

comprise alumina particles having a size in a range of 1-100 micrometers.

69.  The method of claim 68, characterized in that the alumina particles comprise

solid alumina particles.



65. The nethod of claim64, characterized in that the silica particles
conprise solid silica particles. 66. The nethod of claim64, characterized
in that twe 2seddigm9particles conprise hollow silica parPcthss005625699 he

met hod of claim 64, characterized in that the silica particles conprise
porous silica particles. 68. The nmethod of claim®61l, characterized in that
the non-netal particles (238) conprise alumna particles having a.size in a
range of 79- 100h8iTestBePEFlE™ &8, characterized dp that thg %ﬁ‘?ﬁ“%?areaﬁ?‘ﬁ B ed in
that the wﬁs'ﬁﬁmﬂﬂégéﬁ‘iﬁé conprise solid alumna particles.70. The net hod
of claim § characterized in that the alumna particles conprise porous
alum na particles. 71. The nethod of claim®6l, characterized in that the
met al i ong1( 236he.mahpd bf elaon e 1ptharagkrigediipibatahel meital Kens @3Pbyompnse 72,
The net hod of .cl gi]m 6 1, ct]% aﬁt erized in that the textured surface

conpri ses one of Bicks!'e% 43 mie ]53 R85 portions and a plurality of trough
portions, wherein each projecting portion extends outwardly from at | east

one adj acemt t riowghetRed 6f @fim 88.chiRetefiRédindhafitheteatied durfaebabmptisssiazed in
t hat an average height of the plurali tb/wof pr o%'recti ng portions . is within a

range of Phrally lepraaentingf perHory epdgePIWaitn off rough pPTlHORS, Wherg §8) ect i ng
portions. _74. .The f [Wee I/ k- i . aver age

wi dt h of t (@ecptfngrpé) |§r€&g?n%5 ro%}@gﬁyﬂ%na%?@%%&ég%gﬁ%&% Hjlalrlléﬁ;lﬁérgﬁg'e of 0.5-100
m crons. 75. The nethod of claim6l, characterized in that the non-netal
parti cl es 73238)Theompthiod eofd caimntR, paratrdcodrized Havihag an sieragei Ieightr ahge of
1-100 mcroneters, 76. .A nethod for. form ng a "tizsx red surface on a

cyl i ndri caNurakiy) &y PromsERe PORONSI | WEHR Gatangs of '%ﬁﬁmﬂgi FHPEEBEed about

a first axj;§ Vil BB HBbrtibgxt ured surface and first and second
ends (393, 395 ,]f?ﬁe cgﬁ'i@*r‘:%r?%algﬁdélll er (390) further having a first Iine

di sposed proximate the external textured surface, the first )
74.  The method of claim 72, characterized in that an average width of the plurality

of projecting portions is within a range of 0.5-100 microns.

75.  The method of claim 61, characterized in that the non-metal patticles (238)

comprise diamond particles having a size in a range of 1-100 micrometers.

76. A method for forming a textured surface on a cylindrical roller (390), the
cylindrical roller (390) being disposed about a first axis and having an external
textured surface and first and second ends (393, 395), the cylindrical roller (390)
further having a first line disposed proximate the external textured surface, the first
line extending substantially across the cylindrical roller (390) substantially
perpendicular to the first end (393), the cylindrical roller (390) further having a
second line extending around a periphery of the cylindrical roller (390) substantially a
predetermined distance from the first end (393), the method including rotating the
cylindrical roller (390) at a predetermined rotational speed about the first axis, the

method characterized by:
applying a dielectric fluid on the cylindrical roller (390); and

iteratively discharging an electric spark from one or more electrodes (372) disposed

proximate the cylindrical roller (390), the electric spark contacting the outer surface
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| i ne extendi ng substantially across the cylindrical roller (390)
substantially perpendicular to the first end (393), the cylindrical roller
(390) furwbenodmayiong a second |ine extending around a pecirpisesog/oofecod he
cylindrical roller (390) substantially a predeterm ned distance fromthe
first end (393), the nethod including rotating the cylindrical roller (390)
at a predeterm ned rotational speed about the %%rst i S hod

, th
char act er piibe cpndrigbiofieng98) gt s dangls g Rye e’PH%ea‘ﬁW‘?lHHP?E’gFaH PBI I er
(390); ang| é,%gklaﬁeﬂoneld' Ab%ioRg AR Bk@Rld bhGrRBAMHE él(eé’tﬁbos!(ﬂﬁﬂ@beiﬂ@r e
I h | | l er (390

el ectrodes ( sposed proximate the cylindrical rolle ), the
el ectric spaekfropnhadirétrgdt(des)aatler sesomd erwbGO5) bktheyeylindidat adller 6390r (390)

t hat heat d I ts determ t of t al h | i ndri cal
ol er - ( 20ujna eropt RETEGIGHR SUIF A YREeB VPR K20 RUBIAG rove
fromthe fs]iogé %u}%&dor( ‘?h%?tlextﬁf%dtshﬁfaé:@ﬁ‘léﬂﬂna%@qqe(ﬁ?)@ﬁ])iné)ér thbeconkilimdriac@k rol | er

(390) durrn rotation of the cylindrical roller (390), wherein between
7 to 20 pesloebétwebn s¢roped dingldegreem t he textured surface proximate the first
line or the second |ine have a val ue between zero and five degrees. 77. The

met hod of _claim 76, .charact.erized in t.hat.Db of the
sl ope angl72's on e Aetho ?fﬁ%’ﬁ’ Z@r‘?“é%aéteBF %i(}nrr@%é\gﬁglf é“ ¢ hg 216 i%regdt% Bﬂgﬂ%]eand t he
second | i gepdaNgedoy leiexRRiMReRCE proxiamg bbivtedagriarsandifie sddvadritehod of
claim 76, characterized in that between 7 to 20 percent of the sl ope angles

on the tehaverevhlsebdtaeen #agandiivafiesedset ween zero and five degrees. 79. The
nmet hod of claim 76, characterized in that the electric spark has a vol tage

of '100-10GQ Vol &5yq Jpaaiﬁ?gﬁ',o&aﬁafctegilzg# M 81 b&RRERG 16 P0ZREehPof Rt T he

textured surface conprises a pluralit projecting portiions and a
pl ural ity siobe tiigletgdn thenditars suntiverheivea ealoh bpivaer cerorgd goetdegiges xt ends
outwardly fromat |east one adjacent trough portion. 8 1. The nethod of

| ai m 80, characteri inth . i ght . of . th ' f
br of ect | ndopor 16 AERE ol Taih 76 FARGEBR 2000 sireis et M FAeCe it
of the plygabd-iyocdorRr 0f ecting portions.

80.  The method of claim 76, characterized in that the textured surface comprises a
plurality of projecting portions and a plurality of trough portions, wherein each

projecting portion extends outwardly from at least one adjacent trough portion.

81.  The method of claim 80, characterized in that an average height of the
plurality of projecting portions is within a range of 25-100 percent of an average

width of the plurality of projecting portions.

82.  The method of claim 80, characterized in that an average width of the plurality

of projecting portions is within a range of 0.5-100 microns.

83. A method for forming a textured surface on a cylindrical roller (318), the
cylindrical roller (318) being disposed about a first axis and having an external
textured surface and first and second ends, the cylindrical roller (318) further having a
first line disposed proximate the external textured surface, the first line extending
substantially across the cylindrical roller (318) substantially perpendicular to the first
end, the cylindrical roller (318) further having a second line extending around a

periphery of the cylindrical roller substantially a predetermined distance from the first
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82. The nethod of claim 80, characterized in that an average wi dth of the
plurality of projecting portions is within a range of 0.5-1 00 mcrons. 83.
A net hod wonodearniwiong a textured surface on a cylindri calpcraishes/o¢39 8), the
cylindrical roller (318) being disposed about a first axis and having an
external textured surface and first and second ends, the cylindrical roller

(31 8) further having a first |line disposed proxinate the external textured
surface, d¢ide (B2Vstthei methodt nelndine stasatinentthe eylindeicds gollere (R18)i glir# cal
roller (31 subst anti al |l [ ta t ' O8,.qt0e cylindrical
rol | er (ﬁe%te%l?? QsatgRel Sg‘ggbg)ggg]r?gﬂ%tiaa?\%& gjftlgﬁg§dn%&g? ounddtgpberi phery of
the cylindrical roller substantially a predeterm ned distance fromthe
firstend g@aiyely thaadriighae ouree sudadeoofi the aylimyyicaheolley (3 1&iisingl a cwtihgr (318)

at a predeterm ned rotational speed about the fi axi s, the nefhod
char act erioekb18) at 3 predgiernymey fiegpensys tha Fuitme ook éi 6)SWPV‘£§ PR ﬂi“hém?
cylindric r ) O3 tdfiidaP Rt dtin@HRITBEhEbR LI ned
frequency‘?i}ldt(ﬁguctg)tqtklg %%cg%%g‘l% {%oiggﬁﬁocy}lﬂ%@aromet g%*%i rsItlglenq (321) to the
second enthe(SABjricd rolie BY8), vreraalthe ottieg t¢d1@) Otaniavgs pogianstaftthen of t he
cylindrical rol]er (318), wherein the cuttin ool (3 renpves, portions
of the ouf¥fr F%@egt{t@nd]&? WWW‘{}@”?@%%“&&‘“?}?&‘?’%@Q to\]/#)e?eéf?? Biﬂﬁggn 7 to
20 per Cenéné@é (fd AR e, ANBY 8RR JrBfintabedheRE 151¢/ Jrak@ sioAK lifBhevd f1ealher st |ine
or the sec ncf I ne have a val ue between zero and five degrees. 84. The

met hod of bativaemzed@ and fiwe degressi zed in that between 7 to 20 percent of the

sl ope angles on the textured surface proximate both the first line and the

second i h a val.u et .and. fi hod of

cl ai m 83, g%ha?iﬁet E}Qﬁlfga‘%i Cgal %%Béﬁéﬁggé@nt%x%g‘gg‘%ﬁﬁ? 2@?’ e{c%_}gte%ﬁ%e angl es
on the t eé‘lbﬁbk! gbl&Usi aeaehand sarfued proxhedtwbeth thefiostding dnd\the skegnédine 86. The
nmet hod of claim 83, characterized in that the predeterm ned rotational
speed of have acxAluerRstwess zerQmdive deessesi s within a range of 10-200

revol utions per mnute. 87. The nethod of claim83, characterized in that

the predegerm agd fHRAUGNGY N 83, WhbilbRrided ANES WiwdPP1d 26 PRrdehi Shaet 2.

slope angles on the textured surface have a value between zero and five degrees.

86.  The method of claim 83, characterized in that the predetermined rotational
speed of the cylindrical roller (318) is within a range of 10-200 revolutions per

minute.

87.  The method of claim 83, characterized in that the predetermined frequency is

within a range of 1000-1500 kilohertz.

88.  The method of claim 83, characterized in that the textured surface comprises a
plurality of projecting portions and a plurality of trough portions, wherein each

projecting portion extends outwardly from at least one adjacent trough portion.

89.  The method of claim 88, characterized in that an average height of the
plurality of projecting portions is within a range of 25-100 percent of an average

width of the plurality of projecting portions.

90.  The method of claim 88, characterized in that an average width of the plurality

of projecting portions is within a range of 0.5-100 microns.
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88. The nethod of claim83, characterized in that the textured surface
conprises a plurality of projecting portions and a plurality of trough
porti ons,wohessiimogeach projecting portion extends outwardiryusbemsnesbe | east
one adj acent trough portion. 89. The nethod of claim88, characterized in
that an average height of the plurality of projecting portions is within a

range of 25-100 percent of an average wi dth of the pluralit pr.oj ecting
portions. 990. Th&wshadhEy fermeras fgged éﬁgiﬁ‘%f’cf”érq sudrigal Wgﬁyéﬁl@v age

wdth of thndldl aitd:Yaah) Bé@%ﬁa&g};dged BG4 ONrst 5xi 41 Bandnd AN9&1&hat0- 5- 100

m crons. 9 met hod for for a textured surface on a cylindrical roller
(340), t hecxtwyted saificeahd fiodtlaed s¢@40 endxeithregeydindper eollalidd) fartlfidrhevingxi s and
havi ng an external textured surface and first and secopd, ends, the

cyl i ndri c&rstrlgng @irsmssﬁoarmflmafen&ﬁ_ %Wi[’:lgteémlr?dlr §?f?jﬁen§’edﬁ§b§§8&w5%t e the
ext er nal gﬁB‘sIté‘Htﬁﬂy sbiobage cylif@idal Foifer (3415 sEEGANRAIDDeeRsicant t@fhe)irdCr 0SS
the cylindrical roller (343) substantiall'y perpendicular to the first end,

t he cylindnd,cthe eydinddeal (134 (F49) thhsher. hevingng secert bing dxiandingxerenad ig ar ound

a periphery.of the cylindr.ical.roll 340). subst ant i al.l red rm ned
di st ance ﬁ’fg‘aﬁ'i‘etr}ﬁé’?iﬂ?%/gh Hﬁ%ﬁ ol J&?éﬁfeﬂglﬁ%a&&%@y a@&%‘{]e}[eﬁhﬁn?%e%&p%‘fenﬁéﬁcaI
rol ler (34 Mt tdy, eh&h@siicaldyy resistant layer (343),” wherein the
chemcally resistant |ayer (343) is renoved at predeterm ned | ocations

[

(346) to expose the underl 'n(g cylindrical roller surface at the

pr edet er micaating the sylinskisal raHer Gd0kvithg chergically reststant layer G bvhemsiptheat a
predeterm - I I I b fir LS I : R Al 14( 332)
Cont ai ni nhanicafy HhigaR Be T R tenidtes " Bea el d L BO T 1ol
portions ekpéseeheyderighnigaglindiidal sillef Sdifceat thelpeedeteenidiedrlntatieds;landat i ons
(346) to obtain the textured surface, wherein between 7 to 20 percent of

7l b have rataas the upomel ol S aF F rbeRirugrisd soibena shted APRbRediC) afm
91, char a%kﬁrih%%niaﬁhér@éz)%hteﬁﬁﬁﬁc}% 4n ERhAY BRfTANVhekid he etdhdfescuiines on

the textured surface proxi mat h the first Iine and the second |ine have
a val ue betmeess poeiansaf thef dylindriesd radkes (340) at the predetermined locations (346) to

obtain the textured surface, wherein between 7 to 20 percent of slope angles on the
textured surface proximate the first line or the second line have a value between zero

and five degrees.

92.  The method of claim 91, characterized in that between 7 to 20 percent of the
slope angles on the textured surface proximate both the first line and the second line

have a value between zero and five degrees.

93.  The method of claim 91, characterized in that between 7 to 20 percent of the

slope angles on the textured surface have a value between zero and five degrees.

94.  The method of claim 91, characterized in that the cylindrical roller (340) is

rotated at a rotational speed in a range of 1-50 revolutions per minute.

95.  The method of claim 91, characterized in that 5 to 25 percent of a mass of the-

etching solution is nitric acid.

96.  The method of claim 91, characterized in that 5 to 25 percent of a mass of the

etching solution is a hydrochloric acid.
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93. The nethod of claim91, characterized in that between 7 to 20 percent
of the slope angles on the textured surface have a val ue between zero and
five degrweooddd4709he net hod of claim 91, charact eri zedpcm/ushas/023se9
cylindrical roller (340) is rotated at a rotational speed in a range of
1-50 revolutions per mnute. 95. The nmethod of claim91, characterized in

that 5 to 25 percent_o ss of the etching solution is nitric acid. 96.
The net hp(97of &hﬁi]ﬁ?tbfi‘g Ogﬁg?racﬁ]etchféﬂe???dﬂ’i‘a a%g’ﬁocthf ! Vc‘(gﬂ?ta%tf]aﬁernass of
the etchi 994%% Hid RBd bSthe phdieRtiHead &gt @5119%731 lifﬁ'ﬂ@aﬁﬁf‘c}?&e@i claim9 1,
characterized in that the chemcally resistant |ayer (343) is renoved at

the predeterm ned locations using a |ithographic process. 98. The nethod of
cl ai m 91, 98har ddeen¢thed of nlaih i1, cheractheradcial thyt thesthemagally|ragistant(B39®) i s

renoved at e predetermne ocat i.ons..usi ng_an ener eam 99. The net hod
of claim §3¥} 1%%3}038{1 g{ﬁﬂ?ﬁe F{?HPWSF??%EO%%% R ?nflggeslelag}'ant | ayer is
renoved at the predeterm ned | ocations by contacting the cylindrical roller

(340) withoa tadke méthed bOEhinhay, dhgradtehiaediiedist Gepemically asistdne lkeefs cal |y
resistant |ayer but |ess than a hardness of .the cylindrical roller. 100.

The met hoderavas aijthg wredetemmupetlosations yicentagting theCylindirmat elley (349 mdthy nt

| ayer (343) i £s] I . lhaiom 91,
character i%ztggl? i%%’r {Oﬁgﬁa\tﬂ%g%g{ﬁ% %’Z#%/te}r g%ﬁ é?%%l?é?lg%/igf re?gi?gf)p“é’ glfn%l?ti 1géess a wax
| ayer. 10ZhanTdieardmdshofithefcylihdrical ®ller.characterized in that the chenmically
r-esistant layer (343) conprises a plastic layer. 103. The nmethod of claim

91, characterized in. tha he textured.surface conprises a plurality of
proj ect i ndtogorti ngtaﬂg Ogc l”f]r9f’il’ ici’?raf)tfmtze:é(r){?g abﬁxre{%g c,aﬁ\)(/r{gggfdﬂta]l@%{ h

proj ecti n@3 pArchhpRs&d S rQut weedl y fromat |east one adjacent trough
portion. %O?CTF@ rsret hod 01{ cllg?m 133, characterized in that an average

hei ght of the plurali t&pof prod' ecting portions is within a range of 25-100
percent ofl0an Shermefbodvodircheimofols isbarpetarizad inythet ther djemaeallygepisians loer

(343) comprises a wax layer.

102. The method of claim 91, characterized in that the chemically resistant layer

(343) comprises a plastic layer.

103. The method of claim 91, characterized in that the textured surface comprises a
plurality of projecting portions and a plurality of trough portions, whetein each

projecting portion extends outwardly from at least one adjacent trough portion.

104. The method of claim 103, characterized in that an average height of the
plurality of projecting portions is within a range of 25-100 percent of an average

width of the plurality of projecting portions.

105. The method of claim 103, characterized in that an average width of the

plurality of projecting portions is within a range of 0.5-100 microns.

106. A back lighted device, the device including a light source (22) and a light
guide (26) disposed proximate the light source (22) for receiving light from the light

source (22), the device characterized by:
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105. The nethod of claim 103, characterized in that an average wi dth of the
plurality of projecting portions is within a range of 0.5-1 00 m crons.
106. A bawb 2beeghtmd devi ce, the device including a |ightcsasems/ts2) and a
| i ght guide (26) disposed proxinmate the |ight source (22) for receiving
light fromthe [ight source (22), the device characterized by:at |east one
plastic layer (28) having a first side (46) and_a second. side (48) opposite

the firstaGleaw opaplasuninyar (A3 4sving arfipstidpidd) gRépgecaygade tre O%Pﬁ’%tﬁ si de
(146) havi fg @<l ihStach 250 Uf R SHELRGEpHRRTELE RERIESTIc(abPrinppiegnt of

sl ope angles on irst xtured roximate a first axis have a
val ue bet vwaited surthicanshdreiviebetlegneke®, 20t feecdnt bf tlopxarg]dseimiye Suiisexmitedal | y
parallel to the first peripher l.astic |a

| edge, inth 8
col | i mat e§urfac§HrOHPEat dE Y'Y ﬁ%"r“g@t %ﬁae%&%%ﬁ@ﬁa& Igeg’ieﬁﬁiltgé ﬁ&évi) ce of
claim 106axi§ %?fngcsh%t%lﬁgaﬂy'ﬂ}ralfehﬁ)t thREI Ve iphefal cdfd, RBkREN theXlasticORFerangl es

on the firs exture urflace proximate a second axi s have a val ue between
zero and {i18yeoltegitesdipht plopagamgnierethiaigbei ng substantial |y perpendicular to
the first axis. 108. The back |ighted device of claim 106, further

characterized t | t .ane light .directing film. di. Spos oxi mat e
Cho. i ot 108t dhedeah FRed Hdigs o plmu Bk chifgpiartailt R B85 i 0o,

charact er h,z@ehtl it 44}t arplsVWieihe firbioeXQrdiefie it pRiximbeResoad asisdiave e first
textured surface have a val ue between zero and five degrees._ 110, The back

| i ght ed deslucebefveeh azerr1@6d ENar desress; ztg isﬂcqnﬁataxtshé’emgassﬂlb%tallﬁ‘a?}]é(r (28)
has a WV absorber. co ognsgaiin a range of 0.01-1 .0 percent of a total nass
of the pl REPER IF‘gVethﬁi ]5 #11. The back | i ght ed device of claim 106,
characterized in that greater than or equal to 80 percent of a total nass
of the pl aes.i c Thaywack (igBled clawjrei fedaim pob,yitathbo detractertred daynat. ledk2meThe back
| i ghted device of claim 106, characteri e? in thaé tr%e pl astic |ayer (28)
cont ai ns &ghb%chewﬁbvﬂwtd&?@?eqmoan}%é@'%?“%?S%‘ SY%ercent of a total

mass of
109. The back lighted device of claim 106, characterized in that between 7 to 20

percent of slope angles on the first textured surface have a value between zero and

five degrees.

110. The back lighted device of claim 106, characterized in that the plastic layer
(28) has a UV absorber compound in a range of 0.01-1.0 percent of a total mass of the

plastic layer (28).

111. The back lighted device of claim 106, characterized in that greater than or
equal to 80 percent of a total mass of the plastic layer (28) comprises a polycarbonate

compound.

112.  The back lighted device of claim 106, characterized in that the plastic layer
(28) contains an optical brightener in a range of 0.001-1.0 percent of a total mass of

the layer (28).

113.  The back lighted device of claim 106, characterized in that the plastic layer

(28) contains an antistatic compound therein.



the layer (28). 113. The back |ighted device of claim 106, characterized in
that the plastic |ayer (28) contains an antistatic conpound therein. 114,
The back woghdead4mel dce of claim 113, characterized in Poatustévs/oasshd st atic
conpound conprises a fluorinated phosphoni um sul fonate. 115. A |ight
collimating and diffusing film characterized by: a unitary Jayer (28)

wherein greater_than or equal to 80 percent of a total sg of the unitary
| ayer (28} 1%ongheskask é%’é@@éﬁ‘ﬂﬁ%ﬁgt@@o uﬂ@facfweaﬂpt'g?&afea%}“%ﬁvi ng a

first si d%o&?@nda&)%ﬂﬁisgfgggg%ﬁ%%&@@lon%ﬁgﬁlif&%jéhe first side (46) and at

| east a first peripher e first side (46) having a first
textured surface, wherein between 7 to 20 percent of slope angles on the
first textlifedAshghtaokinmtivgiand ddfuwing filst, charetefiz@)byhave a val-ue bet ween
zero and five degrees, the first axis (62) being substantially parallel to

the first pectipheral .ed 61). wherein th Lc | aye I mat es
light pr oﬁé&é@&ﬁéy?rﬁag)e‘?ﬁ?%{?" 'Eater. t%f'g of uea?lt(ipéﬁ?) %Ii?g ﬁ(?fyr?at{{)lt%ég Qgﬁg?lg!ef f usi ng
filmof chaitpyldber @PREAEHSGI ZEgblyEhrbdiate bahpamd, Thet enikly hske datingfa sl ope
angles on the first textured surface proxinmate a second axis (60)_have a

val ue bet Wegirsideet4s) and arseoendaside 6483, oppRaitesbedist de £ g0yl abdeasha Tirst
substanti al . r digul ar. t i 'S | . el :
collimati Hall]%}}legﬁdl&fgg uts()ﬁ?fg&fei ﬁ%]t 5 cyad:) %{aﬁ-@ §c Igtrzé%xtt&e]%?zsg;- ?eﬁ "';[V atEmbet ween
7 to 20 peesairh 7ab 29| penaofiiepe apléshen fherfatt teetutadrsadfasuploaneatandirltet ween
zero and five degrees. 118. The |ight cobl i mati ng t%nd di ff.us(iqgg film of

cl ai m 115 aXiSh@2hdeus ia, ¥elup (petesn £9ie andi g egiees  the st axist bEB®or i ses
an anti st ati j i i ikiRI uni tar
Mayer. | 118MbEATy HARCLICROTRE BHRLATIE (01 WhorPhbk ol gospnt tary
char act er iceBiunates ligha propagadingribérsthaiigb. conpound conpri ses fl uori nat ed

phosphoni um sul fonate. 120. The light collimating and diffusing film of
claim 115, characterized. i n. that t.he .unitary.layer (2 has.a .UV absor ber
conpound ilﬁg'a r déghéfco ppfing ang %Efﬁﬁlgméh@f X%c]%}{n 11%, Eéﬂaraceferlzed in tﬁgt
between 7 to 20 percent of slope angles on the first textured surface proximate a
second axis (60) have a value between zero and five degrees, the second axis (60)

being substantiaﬂy perpendicular to the first axis (62).

117. The light collimating and diffusing film of claim 115, characterized in that
between 7 to 20 percent of slope angles on the first textured surface are between zero

and five degrees.

118.  The light collimating and diffusing film of claim 115, characterized in that the
unitary layer (28) further comprises an antistatic compound disposed substantially

uniformly within the unitary layer.

119.  The light collimating and diffusing film of claim 115, characterized in that

said antistatic compound comprises fluorinated phosphonium sulfonate.

120. The light collimating and diffusing film of claim 115, characterized in that the
unitary layer (28) has a UV absorber compound in a range of 0.01-1.0 peicent of a

total mass of the unitary layer.
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total mass of the unitary layer.121 . The light collimting and diffusing
filmof claim 115, characterized in that the unitary |ayer (28) contains an

optical bwogbéenerosi n a range of 0.001-1.0 percent of arptotwkosmssIof the
| ayer (28).

121. The light collimating and diffusing film of claim 115, characterized in that the
unitary layer (28) contains an optical brightener in a range of 0.001-1.0 percent of a

total mass of the layer (28).
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