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PCT/ US97/ 03323 VARI ABLE PI TCH STRUCTURE OPTI CAL

- FILM Field of the Invention 5

. The present invention relates to the field of structured optical filnms and

optical displ porating the structured optical filns. 7103323
particul arly, a‘%"ﬁg"g%ggsent i nventi on-k-el ates to optical filnms having
a structured surface in which the pitch of the val | eys and/ or peaks
vary. 10 Background of the Invention

Structured optical filns VARIABLE PITCHISERUCTUREDROPINCAE/ FILMI i n ot her
applications where control over the direction of light, transmtted and/ or

reflected, is desired to inc ke Dive , reduce glare, etc.
Structured optical filns are describe generally in U S. Patent No.

4,906,070 (®obb). Essent i aFheypresentinventinnrelates tq the figld af siractyred optical

transm ssi bl e Wg:':?ﬂuaq rsﬁﬁ?m?& oﬁﬁéaf Ii?lmb Eﬂﬁi %g E [m{
the filnms can beaﬁ{m@uygse or gllgrec I ght throug gg‘? %n
reaction. Wien umeehtion relatesiotapticdl fibklishaviag a structured surfick irowhitiotiie pitchuofithe n

| apt op conputers, the structured optical filmcan

I ncrease brightn ‘é’é‘gy’(ﬂ“nf bB’S‘PV?:% display by limting |light escaping from
the display to within a pair of planes disposed at desired angl es

froma normal axis running through the 20 otlcal di splay. As a result,
light that Would exit the display 2tk LY pentiona bl e range S

reflected back into the di ﬁé‘#mmﬁ?“ms " and
returned back to the stru gfimre mat an g%égﬁggﬁﬂm%}o%§ ?%5
fromthe displ ayapphcatxonswhihabmmeoyurlthﬂgremwdibhi nhmﬂshudlormﬁecreﬁ,dhlce
power consunption needed to esired.l evel
of brightness. pgesire &5t mcreasegnatmess, r&“ﬁtﬁ%g’gt Fﬁﬁﬁgﬁéﬁ%"ﬂ%flﬁﬁn d

structured opti cgeénefally ifil UJS. Piterit(Nd. 4,906,070 (Cobb). cizsatmy,mytgb&pmamguof
refl ected m)lre caused, y the i.nt S [erence of two ger dic

patterns. Mire m & spoips of PHsms Ag suclythat the filws gen beon
and used to redirect light through reflection and refraction. When used in an optical display

such as that found in laptop computers, watches, etc., the structured optical film can
increase brightness of an optical display by limiting light escaping from the display to
within a pair of planes disposed at desired angles from a normal axis running through the

20 optical display. As a result, light that would exit the display outside of the aliowable
range is reflected back into the display where a portion of it can be “recycled” and
returned back to the structured film at an angle that allows it to escape from the display.
That recycling is useful because it can reduce power consumption needed to provide a
display with a desired level of brightness.

25 An undesirable effect of using a structured optical film in an optical
display is the appearance of reflected moiré caused by the interference of two periodic

patterns. Moiré effects are discussed in O. Bryngdahl, “Moiré: Formation and
Interpretation,” Optica Acta, Vol. 24(1), pp. 1-13 (1977). In an optical display
incorporating a single layer of structured optical film, the periodic patterns causing
30 moiré are the pattern in the film itself and the reflected image of the film pattern (as
reflected by other surfaces in the optical display).
Some optical displays incorporate a second structured optical film in
which the prisms are oriented at an angle with the prisms in the first optical film. That



Interpretation,” Optica Acta, Vol. 24(1), pp. 1-13 (1977). In an optical

di spl ay I ncorporating a single |layer of structured optical film

t he periodic patterns causing 30 noire are the pattern in the film
itself and the reflected inage of the filmpattern (as reflected by
ot her surfaceg, optical display). ptical
di spl ays i nco?’p‘)joirj”gyéga second structured optecal filmin PCT&%P?‘Q t he
prisnms are oriented at an angle with the prisnms in the first optical film
That angle €hn/b3 d3Rvhere from greater than zero to 90, although it is typi

PCT/ US97/ 03323 ke greste 90, eithough it is typically about %0
angl e can be any#ithoughtsingtwe stnictired opticalfilms canvingrease she brightyiessi of thesdisplay

typi cal |y about . ' tructured optical,filnms can
i ncrease the brig ng&ﬂﬁ%&!ﬁ&g&?%%&e%et S ?Wg?gmw ng

range, it can i ngscembplaiceurfde (on i lowermoutmrdd flm) that AREGs More light back IREALH]
pi ano surface (on the lLower structured fil t hat ﬁ{ﬂ(iflects nore |ight back
through 5 3  t 1€ PEROdicpatternn th PTURRSE strpetuged Blm. | hher | struct ured
film In addifiord ¢tk sebohid straBred WpREH izl
filmmay also |l ead to opti cal ifor coupling ?ﬁgt ﬁngé%%@?ﬁp%@en

light transni ssieplingthatmay resultdn ugeven light transnaissioncfram thyidisplay, i.c., visiblp biight

streaks, and/or [|]ne i cal,. li.ng i s caused by
contacting, or sl %%}Q&ﬁear F%}ﬁ&ﬁ%@ﬁl nétfcggg‘%ﬂé'féswggﬁb" . 96
structured surf avery néarly contacting) i plancosurfacewithi the struétinfetsurface of a structured optical
Summary of the Igvention The present invention

i ncl udes a ¥t ruc ed optical filmwth variable pitch peaks and/ or
grooves to reduce the visibility of noire interference patterns and 15
optical displays incorporating one or nore |layers of the film

I n one embodi nent, the present inveSummaryofthelnvention: r uct ured opti cal

The present invention includes a structured optical film with variable

pitch peaks and/or grooves to reduce the visibility of moiré interference patterns and
15 optical displays incorporating one or more layers of the film.

In one embodiment, the present invention includes a structured optical
film having a structured surface that includes a plurality of generally parallel peaks, each
pair of adjacent peaks being separated by a valley; a first group of adjacent peaks having
a first peak pitch; and a second group of adjacent peaks having a second peak pitch, the

20 second group of adjacent peaks being located adjacent to the first group of adjacent
peaks, wherein the first peak pitch is different than the second peak pitch. The first
group preferably includes 20 or fewer adjacent peaks, more preferably 10 or fewer and
even more preferably 3 or fewer peaks. Alternatively, the first group can be defined in
terms of width, with one preferred width being about 0.5 millimeters or less, more

25 preferably about 200 micrometers or less. It is also preferable that the valley pitch
within the first group varies over any three adjacent valleys,

In another embodiment, the present invention includes a structured
optical film having a structured surface that includes a plurality of generally parallel
valleys, each pair of adjacent valleys being separated by a peak; a first group of adjacent

30 valleys having a first valiey pitch; and a second group of adjacent valleys having a
second valley pitch, the second group of adjacent valleys being located adjacent to the
first group of adjacent valleys, wherein the first valley pitch is different than the second



filmhaving a structured surface that includes a plurality of generally
paral | el peaks, each pair of adjacent peaks being separated by a
valley; a first group of adjacent peaks having a first peak pitch;
and a second group of adjacent peaks having a second peak pitch, the 20
second group ofy,ag nt peaks being | ocated adjacent to the ptfpbomanyp of
adj acent peaks, wherein the first peakpitch is different than the
second peak pitch. The first group preferably includes 20 or fewer
adj acent peaks, nwsleypitel. cTHdHrst gishppreferablyinchiids 20 or fewer sdjsuantwlleys, more
preferably 3 or fewer peaks._ Alterpatively, the,firs ro C be defiped
in Cerms Brele ﬂ& or fe s ewgﬂfspm%/ et w%&?&@gﬁoﬁﬂt%vgwﬂe
mllinmeters or | e%?stgf&h%u?ﬁe defined’inReris P WidtR ReAtH ont Yrefeiréd Wi Geify MHout G5 S -

It is also preferable that the valley pitch . within the first group
vari es ‘over any t milimetgrsoxdess,imarg preferably about 200 micrometers or less. It isjalsopseferable

enbodi nent, the p | |« ' gﬁgsr . I cal

fil m having a?st r ﬁ%@’ﬁ@é‘é‘@’ﬂ{ﬁgwgﬁﬁ es g%l‘}%l&%g/d;ﬁcn%%.al |y
par al Ikel I val | eyfs, ghght_ aml[et'Saeﬁxbaﬂm' entﬁhl Epmeédth ven tlba:cumudee : ﬁaframddl by
a peak; a first groy adj acen val ] ey.s hayin iyst val]ley
pitch; and a secofH WWM%V&“%&%W&‘%&W@MW‘

val l'ey pitch, the phegiyer gtherilly piralROVANER]éack phil B5HijdeehtVallldys bahg Sepafii {
to the first gr ou%hof adj acent ee’al I'eaﬁ’ wh‘ér ein téﬁg faih%t vaﬂq&r}l
pitch is differenpeskmheneimehepesk pitch is sub y copstant, and figrther wherein the valley

PCT/ US97/ 033 . . ' thred | %&; y includes .
20 or fewer g‘gj acg}]tfh%eyg:;tfsﬁ’ﬁXI%é@% Srl%?){%é{’cecrg%sg}lé?d or%@g%/ver, and even
more preferably 3 or fewer Inastillayother/dnibediment, thelpyesestiinvention includésia sttucgfedup
can be defined in ter f wdth, wth e ef.erred w dth I ng about 0.5
mllimeters or | e@"%ﬁ‘e‘ﬂﬁf’ﬁéﬂ% ‘gml’g?fﬁ?ﬁdﬁ"q mprisesa | g
al so preferable Jlurality SFdenérally paedliel piaks; ldachi paitiof adjiient peaksé beiigOitPariRlib 3

over any three adjacent_ peaks. I n_yet anot her

enbodi ment, the pralRInwhers thevalley pitch is sybsantially Gonstars; and further whereip thepeak

q VI, B2l b Rt R foup SEShEE B S Blcbiie Aiitent gy COTC S

val | eys being separated by The above and gtherifeatures-ofdheinvéntiop arckmgrie fully shewn and

substantially CO”%L&%M%%LJ B hseﬂnd"g]e&'iﬁ& ges&r;]p%oﬁ/aokb&yinvenﬁom where like reference
numerals are used to represent similar parts. It is to be understood, however, that the
description and drawings (which are not to scale) are for the purposes of illustration

20 only and should not be read in 2 manner that would unduly limit the scope of this

invention.
Brief Description of the i
FIGURE 1 is a perspective view of a prior art structured optical fiim.
25 FIGURE 2 is & perspective view is an exploded perspective view of a
pair of structured films according to Fig. 1 in which the prisms are crossed at an angle of
about 90 .

FIGURE 3A is a schematic diagram of one section of a structured film
according to the present invention with a constant peak pitch and a varying valley pitch.

30 FIGURE 3B is a schematic diagram of one section of a structured film
according to the present invention with a constant valley pitch and a varying peak pitch.



10 pitch varies within a group of three or nore successive adjacent

val | eys. In still another enbodi nent, the present
i nvention includes a structured optical filmhaving a structured
surface, wherein the structured surface conprises a plurality of

general ly paral |l el peaks, each pair of adjacent peaks being_separated by a
val | ey, V\her@f%”ﬁ%‘%val ley pitch is substanigial ly constant, P SV er
wherein the peak 15 pitch varies within a group of three or nore
successi ve adjacent peaksSgyiGURE 4A is ematic diagram of bHE sédfl

features of the invention are nore faul y shown and wa‘d@?@r‘?‘%@?i n the
drawi ngs and detstuttgeeddilm acdopding to the presens inventionwithg varying peakipiteh.r ef er ence

nunerals are used to repr L | Lt s, S _to be der st 0od,
however, that the WMBWM§£OWW¥F#W?W scal e)
are for the purpaacsredifiatcoedihgio the prent invertion withch varying Galléppitdhe read in a
~manner that would unduly |im Efge' s%&pe of this . i nvention.

Brief Descrfption of the Bf%ﬁ*ﬁ is a schiematic diagram of one section-pfanaiternative o
perspective Vi eVbnfedhid ihg £ the! Hdén?ﬂxv%h%ﬁhai% g i

FIGURE 2 is a p\é#rgpectﬁ]/ﬂle View Ts ansexpl oded perspecti B%F«g\'}vc%?ndaa

pai r of struct urvetyirg valiey pitthor ding to Fig. 1 in which the prisns are
crossed at an angl e of aut 90. . . . Fl GURE 3A
is a schematic di agram of FB%‘JRE@'FM&W“‘&WPS%W?WN“WM
accordi ng to t hertaredfimiatsoeding 3 thepicsentinvertivhavith sei¥ingpdak Pitdghde vVar yi ng
valley pitch. 30 | . FIGURE 3B is a schematic di agram of
one secti ol%of d’%&ﬂ#ﬁf%’@hfi | m ~according to the present invention
\é\ﬂ7} ggg6gon3tant val l ey pi FEURERS is'a ¥HekbiOdifiak oPhﬁGﬁhcal’ displayassembl)y\O

PCT/ US97/ 03323 incorporating at least one layer of spuctuyed optical Simyaccotding:to ithe pressot am of

one section of Wner native

15 : Detailed Description of the Invention
The present invention, described in connection with the illustrative
embodiments depicted in Figure 3A and the following figures, provides s structured
optical film in which the peak pitch and/or valley pitch vary to reduce the visibility of the
moiré interference patterns when using one or more layers of the structured films in, for
20 example, an optical display.
Figures 1 and 2 generally illustrate the concept of structured optical
films. Figure 1 depicts a section of a regular, periodic structured optical film 10
including a structured surface 12 and a plano surface 14. The structured surface
includes a series of regularly spaced valleys 16 and peaks 18 that define prisms 20. The
25 prisms 20 are defined by facets formed between the valleys 16 and peaks 18. The
geometry of the structured surface 12 and the material used to mamufacture the film 10
foster total internal reflection and refraction of light entering the plano side 14 of fiim 10
to minimize the escape of light through the structured surface outside of the desired
range of angles.
30 Figure 2 illustrates a pair of structured optical films 22 and 24 in which
the prisms 26 and 28, respectively, are oriented at approximately 90 angle with respect



structured filmaccording to the present invention with a varying peak

pi tch. FIGURE 4B is a schematic di agram of one
section of an alternative structured filmaccording to the present
invention with a varying valley pitch. 5 FIGURE 5A is a
schenmatic di agw}ﬁ; a@ne sect ion of an alternative St putissymes2lsi | m
according to the present invention with a var$di ng peak pitch and a

varying valley pitch. FIGURE 5B is a schematic

di agram of one secdmﬁoﬂferamméﬁasparmd:hatthestmcmrmsutfamwiﬂmmwimjmg

to the present i nventlon W|th in ch_an varying
val l ey pitch. nearly in contact wi %Eea%’ 8@"5 g%"ﬁgm#c di agram of an
optical display assenbly Moughtﬂacaﬁsﬂgfﬁ&bga:@myldaﬁaumnh@iaﬁmthe

structured optical filmaccording to the pr esent i nventi on. 15
Det ai | ed Descr i pt prssensfinventionianeshawn@p having a dihedral angle of about 50 betyees genceally

I nvention, degcri Eg 'tﬂ E?

enbodi ments depi c? glﬁsgﬁhﬁﬁk@?ﬁ# OW ng lg‘ﬁ?“é"s““ sprow es pacal
structured ﬁlmﬂuvmg mymﬂmwhmmwwmmmmp. tch
vary to reduce the visibili of |re%‘} rferencg‘b&%eter

when usi ng one or aFBYSePRSIA, P"‘i‘HE"éi’r‘ﬁ‘l’PhY g’f’Ft’ T Words,
exanpl e, an optiCaje MMomsuseﬁﬂwnh structured o &Mﬁ&[@n@%aﬁo&c
generally illustrate the concept of structur ed optl cal

Figure 1 depicts #atersthadeould resultin “béemma@mm%pmwm@amvamm

g?ructured Isgﬂ ggwmﬁt"%ﬁﬁ%‘ﬁ a seri eénﬁ?&.}gﬁﬁ arly spa‘ca:'ﬁé%'g/’a?ﬁys 16

and peaks 18 that isthidemolanoisauface A0willlieandérstood that ﬂumpﬁﬁkmgrmrfahefofﬂmkdnymred
the struct ured suPPIGL B RREAEed 8eg Fo B BEFacs MRt 6 e mthe PPYOTE o
foster total int ertﬁﬂmkﬁ&mm@mﬁbmaﬂpﬂm or it@bhld 8 provided witha Pi ano
St rct ur ed sur f acSUENE: eSS a Eneth ctige, of wih 5y SUREBAH &S AREHeRs. 50
the prisms 28 ana 28, rbeposiroud Mbe idErsRot il the ratlimds E‘Eﬁﬁ & angf’Z
wi th respect 3Aandfollowmgaregmmllyplumcross-secnons of structured optical films
constructed according to the present invention taken generally perpendicular to the
leagth of the grooves/valleys. Given the variable nature of the optical films according to
the present invention (to reduce the visibility of moiré interference patterns), it will be
20 understood that the cross-sections of a given fiim may or may not remain constant along
the length of the grooves/valieys. This may be particularly true in the structured optical
films manufactured according to the present invention using tooling constructed by
thread cutting a cylindrical roll.
Figure 3A schematically depicts a cross-section, normal to the plano
25 surface 32, of one structured optical film 30 according to the present invention. The film
30 includes a set of prisms defined by peaks 36 and valleys 38. The peaks 36 and valleys
38 defining the prisms are preferably substantially parallel to each other although shight
variations would be acceptable. The spacing between adjacent peaks 36, i.c., the peak
pitch, of the optical film 30 is substantially constant. The spacing between adjacent
30 valleys 38, however, varies over any group of three successive valleys 38. That spacing
between valleys 38 can also be referred to as valley pitch, Pv. By varying the valley
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PCT/ US97/ 03323 to each other. In use, it is preferred that the
structured surface 28 be in contact with, or nearly in contact wth,
the piano surface 27 of the upper film 22. Al t hough
the pri sns/fa&gi]&ﬁg%geral |y depicted in connection with the pr esent
I nvention are sho s having a dihedral angle of about 90 bEEV{EAT03323
generally 3 pl anar facets, it will be understood that the present

invention inclu Shé W é,ed} s irftEfere | { F{g havi ng prisps/facets

formed in any ogt i call yg}lhi,s1 ful s%gge, | rfglpa'éﬁ'\gg ﬁﬁ%fgvgenus'“gmﬁr3pﬂs,

prisms wth roursdeptica displamnd/ or val | eys, curved facets, etc. In other

wor ds, the present o nventian. is,useful with any structured optical

filmdisplaying a periodi 3“”"‘1‘1’“%&&&%???& ceqrding to the presento| e

moi re interferempentis willh ably bé' &b | gt in,pi.t ch as
B B e o et of Bl ol Sty the b3

descri bed herein._Furthernore, although the enbodi nent’s B w
i ncl ude a pt ano &l pe ghaut 100 migrometess of, uctured film 3ripused by opiival ace of

the structured gisplaysi | s bl _ rding to the present
i nvention, i.e. . The syr*éfcﬁ‘%‘b%%ée Bﬁ?s&%"%&m‘@& H%’E&T‘%%ul d
be substanti al | $hapeak pitchfior thoseapplichtions will die ivithih abotif 205to about 60 misicésdrs!! €
texture, as a snooth surfgge .%L WI##’] a% other, finish as desired. 15

It should al so be under st 388pticfiin 30 can BWMW%P%MW

3A and fol | owi nnowremgthod Ithe/topl \wsed ¢ S theHtin 1% ti,cal
films Cﬁﬁ tructed accordin tooﬁ?he present fﬁ\%%?ﬁ%%&hﬁ&“
general Iy Herpe ﬁ!ﬁ’%&?‘ml"g‘fﬂ threadm@#gwhmswqtmvimmmdpm G ven

t he vari abl e napgtived &mﬂi' | (o] ¥e t he present
i nvention (to reduce h% Si b F’.mﬁl o* NI rg' ?ﬂ?@‘%?‘é’%%%@“ﬂm*wﬁg e in;the
will be 20 tRel ta & constant, hut differisg cdepthewhandfoiming the toal ugsdwe nahirfaBiuf@ehe O

may not remain gﬁpg?ant al ong the I ength of the grooves/vall eys.
This may be pariicularly true in the structured optical filns

manuf act ured accordi ng t dftietogiuset-sotfoinnite filrh 30 isdylidricaYol Fstnfe uct ed

by 1s hregd, cut ingiéa c@ig@rical roll. I f Brﬁ'iiﬁﬁ Fi gure

3A schemat T cal | Mﬁ“m I8 2d 10 congantly yary the depth efithe grogyrfopmed in the

surface 32, of pilkbysd cuskiigtbeld ThRVasistion' dould iRdu | ROadeih b\ BISVE of
risms defl ne

invention. The film . 30 includes a set of &&s 36
and val | eys 38. consianh,erghanging ratebetivgen @yrinimum and magignuie falthougt it sy glsc es ar e

117 S i G s S At g
i.e., the peak interspersed about the circumference of the roll to avoid adding periodicity into the
20 grooves and, thus, the film.

When thread cutting, it may also be desirable to vary the number of
revolutions, or “wraps,” over which the cutting tool is moved between different targeted
groove depths and, aiso, to use a number of roll revolutions between targeted depths
that is not an integer. Even more preferably, it is desirable to use a number of

25 revolutions including a fractional portion that is not easily multiplied to equal an integer.

Examples of useful numbers of revolutions over which groove depth would be varied
include, for example, 0.85, 1.15, 1.3, or 2.15. The targeted depth of the groove would

then vary between the starting and ending point of each desired number of revolutions of
the roll.

30 After the tool is manufactured, the film 30 can be manufactured using the

tool according to any suitabie method. Examples of methods and materials for forming
structured optical films are discussed in U.S. Patent Nos. 5,175,030 (Lu et al.) and



pitch, of fhe optical film30 is substantially constant. The spacing

bet ween adj acent 30 val | eys 38, however, varies over any group of three
successi ve val l eys 38. That spacing bet ween val |l eys 38 can al so be
referred to as valley pitch, Pv. By varying the valley WO
97/ 39369 - 6-
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PCT/U897/0332§V pitch, the V|S|bllﬂ%y of noire interference
patterns can be reduced when using film30 in an optical display.

The peak pitch i r5,BX597r@LED0 Irwill eamdenstood shat the ¢hosgn manufacturing:proness is at least

I nvention wll prefe bo ess nore preferably
the peak pitch ewg%%u@é& %imimhr'l!\’@ra%ne ers-or Iess when t he
structured film 30 i s usedIn the@ilth B0 depicted in Figure 8 puak pitch is held comstait whie the

liquid crystal displ ay anel s _and simlar devices. Myre preferably,
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m croneters. rming of Gth&¥hi b 3&,&:@“@ fo¢
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groove in the depictediipBiguie3A2 Aodrdsolt)film 130 hziim‘éoﬁimitgrand@iﬁch, MhBétwesd m ng
the tool used to nufactLqulethe film | f
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thread cuttiygg, i eﬂiﬁﬁr SRRt
formed in thlg That & ro QM@‘% cuttl n tooI That csf/‘g?llat | o:*r-l0 g(’)‘ﬁ%‘ﬁ‘l n&lu
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i nt erspersed about the cir andnmfaﬂmawniahu&mad@bdr&dgltmpremt
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15 will be about 100 micrometers orlesswhenthesuucmredﬁhn!msusedmopmal
displays incorporating liquid crystal display panels and similar devices. More preferably,
~ the valley pitch for those applications will lie within about 20 to about 60 micrometers.
Figure 4A is a schematic diagram of an alternative structured optical film
40 that includes a plano surface 42 and structured surface 44. Structured surface 44
20 includes a plurality of generally parallel prisms defined by peaks 46 and valleys 48. The
peaks 46 are all preferably formed with substantially the same height, Hp, above the
plano side 42 of the film.
In the film 40, the peak pitch, Pp,, remains constant over a first group 50
- ofpeaks 46. A second group 52 of peaks 46 is located immediately adjacent to the first
25 group 50. The second group 52 of peaks 46 has a constant peak pitch, Pp,, that is
different from the peak pitch of the first group 50. It is the variation in peak pitch that
contributes to reducing the visibility of moiré interference pattems when using film 40,
The peak pitch in a film 40 manufactured according to the present
invention will preferably be about 1 millimeter or less, more preferably the peak pitch
30 will be about 100 micrometers or less when the structured film 140 is used in optical
displays incorporating liquid crystal display panels and similar devices. More preferably,
the peak pitch for those applications will lie within about 20 to about 60 micrometers.
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revol utions, or "waps," over which the cutting tool is noved between

different targeted groove depths and, also, to use a nunber of roll
revol uti ons between targeted depths that is not an integer. Even
nore preferably, it is desirable to use a nunber of 25 revol utions

i ncluding a W&‘Q‘H&Q&al portion that is not easily nultipli egﬂ&s%&;&l’? an

I nt eger. anpl es of useful nunbersg.of revol utions
groove depth woul d be varied i nclude, for exanple, 0.85, 1.15, 1.3,
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material used for the filns.
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vari es. The t oo}l used t ufacture the film 30 can, ho er, be, 5
epl i cated by oIERISBER arsks B e copSor bt pteh 15 Sorb€ Bacnirel e ap<ordhes
"negative" of to the presénbihvirtionsit fay bé hatgfulowherd 8t 184sE6nd 6Fthe BSdut 20
replicated tool ig t hen, us film the result, depicted

eqd tq form
in Figure BB, i W?EEEFQT'PQY‘WQ“ &g"%&'ﬁ mpge prgferablyabopy prfewer; and
depicted in Fig rafersbly fhotd ' Sﬁ%ﬁ%ﬁ@ v ktch,
Pv, between weﬂnﬂ\j%rle 51%36 m%?ﬁ%h%m&%galaag??c , p,ﬂ%wﬁ%kés 138
vari es across thelpful tojiachgie onlyawo adizeent peaks 4§ inca group, lie., ppyvideiatpatted ik Wbichi t ch

S5 1 o al so user Hf PPyt bermet ke P 0B, ¢ nerteronce | o
patterns when used in an AftHougiathediim §0 includes only two groups 50 and 52, it willlee Vval | ey
W11 pr of dPabl yErsaRdhar e geiert BraRon noRe it BEPE R hosk twelcy meme PP 0y
pitch of peaks, i.e., the film 40 could include any number of groups, not just two groups. :
Also, although the film 40 is shown as having two groups with equal numbers of peaks
46, it will be understood that each group may include the same or different number of
peaks 46.
20 An altemative measure of the group size can be based on the width of the
groups as measured generally perpendicular to the peaks and valleys. Preferably, the
width of each group is about 1 millimeter or less, more preferably about 0.5 millimeters
or less, more preferably about 200 micrometers, more preferably about 100 micrometers
or less, and even more preferably about S0 micrometers or less. It will be understood
25 that, in part, the desired group widths are based on the pitch of the peaks and valleys in
the film 40.
An optical film 40 can be produced using a tool manufactured by any
suitable method. It will be understood that the height of the peaks, Hp, in the finished
film 40 is a function of the depth of the grooves cut into the tool. If'the tool used to
30 produce the fitm 40 is a cylindrical roll, it can be manufactured by thread cutting the roll
to a constant depth at a constant thread pitch over the grooves used to form each group
of peaks having a constant peak pitch. If thread cutting is used to form a roll, it is



15 ‘ WI|| be about 100 micronmeters or | ess when the structured film 30

I's used in optical di splays incorporating liquid crystal display
panel s and simlar devices. Mre preferably, the valley pitch for
t hose applications will lie within about 20 to about 60 m croneters.

Figure 4A is a schematic diagramof an alternative structured isoRh3ssd | M
40 that i ncl udegloe?'”fﬁ ho surface 42 and struceured surface 44. ."'kuctsaéied

surface 44 20 includes a plurality of generally parallel prisnms defined
by peaks 46 and vgjekipabfe tdhold kh€thread pitch conStasFor' Smaniser of tolltewhaionPihat fsofEd
‘With substantially the sane height, Hp, abgve the pi ano side 42 of
the film integer. Even more preferably,jtispdesirabledo hold thetherad pitgh.gonstantifora |

remai ns const ant | T : oup
52 of peake. 461 s Tisaoplnbet thyblaadPeantl mtiplicd o Soudl R ffeall: BRSSP el
The second group Tidmberspf edveluionstever whiclnthsead pitcipeaild e hetdconsyaprineliide, fdrat i s
different fromthe pe ' ofthe fi oup .50, Lt. i g t.the variati I n
peak pitch that °"Emgllé' @g}hﬁﬁsb%e‘g{‘# %ﬁ?%@%"\qi{'@t ﬁlcl'\t‘}FW M"?&‘

interference patt qjuither\bfr8vihstions over which@hread pitch is held constant determines tHehuRBetof
pitch in a film40 nanufactured according to the present I nvention

will preferably bepeakineach ofthegraipser or | ess, nore preferably the peak

pitch 30 will be about 19&&@@@%%%&@&&%%&&@%%9&&@

140 is used in optical ays I ncorpérating I'1qur
di spl ay panel s anctoel attdrding e anycsaitable\inethod r EXamplesiof methods and matérialyfen Foriminige h

for those apgl i ool Q15 Lk gkl BleBSis &Bulet REEYE 8505 SUF) S

PCT/ US97/ 03323 5,183,597 (Lu). It will be understood that the chosen manufacturing proces$is at least
Typi cal peak pitches used, in connection, w gegrftapt;e%;esent i nvention include

gr oups of L a‘ﬁfﬂ?@ﬁ“‘zﬂ‘%“%@ M%roneters. It may be
of Bbout 1. 25 or qroater. s toslng BARo aifiteled E S i Bk pelpRlatally 110
even nore pref er abtiectrafosmingor other suitsble processes, thus forming a‘negativel! ofithe/ parfern 5
moire 1 nterfqencegpald G 48 master tool. When that replicated tool is then used to form a film, the
result, depicted in Figure 4B, is a film 140 that is a “ncgative” of the film 40 depicted in
Figure 4A. As a result, the valley pitch, Py, in film 140 remains constant over a first
group 150 of valleys 146. A second group 152 of valleys 146 is located immediately
adjacent to the first group 150. The second group 152 of valleys 146 has a constant
20 valley pitch, Pv;, that is different from the valley pitch of
the first group 150. It is the variation in valley pitch that contributes to reducing the
visibility of moiré interference patterns when using film 140. .
The valley pitch in a film 140 manufactured according to the present
invention will preferably be about 1 millimeter or less, more preferably the valley pitch
25 will be about 100 micrometers or less when the structured film 140 is used in optical
displays incorporating liquid crystal display panels and similar devices. More preferably,
the valley pitch for those applications will lie within about 20 to about 60 micrometers.
Typical valley pitches used in connection with the present invention include groaps of
peaks spaced at 50, 40, 30 and 20 micrometers. It may be helpful to provide maximum
30 valley pitch to minimum valley pitch ratios of about 1.25 or greater, more preferably
about 1.5 or greater and even more preferably about 2.0 or greater to reduce the
visibility of moiré interference pattemns.



The nunber of peaks 46 in each ofthe groups can be varied to inprove

noire interference reduction. The film 40 includes groups 50 and 52 in

whi ch groups of t hree adj acent peaks 46 have a constant peak pitch.
In sonme structured filnms according to the present invention, it may

be hel pf ul east one of the groups has about 20 10 r
peaks; prefgﬁgé?yiggtut 10 or fewer; nore preferably about §TEF%*¥%§£E and
even nore preferably about 3 or fewer peaks. In sonme structured filns, it

Iso b hel pf i ' idPrd
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group, i.e., provide a pattern in p
bet ween successithevigibility of gioirg intecference patterns. The film 140 includes grbupsdi5Qland 82 f i | m

40 includ | ' ' Il t ood t hat
the present i vt BrobP3e e fecsyults 16 tave’E cohdtapt ey e 35 ik, o0

f ks, i.e., staused fimsHtcording to thepresere imveption, itintay bethelpfis) where o t
'?\Nopgtrfiozpsl. © Al so, alth h ﬁ;‘:’]‘aﬁl‘ﬁzo IS, S ownl as _havi r:lgmth:/dvodmls
groups with eq‘uzgfﬂf'?mtsw"% WSMV\NFP‘F Qeor faves; mOtSod t hat
each group may ippéferbly abdue 5 BATGveR 'and etdnIhE brefitiiE bt 3 or rm%ﬁ%“&gfgé@ﬁe?o

An alternative neasure .of the group size can be based on the w

groups as neasuSeuctied Slms, it goay alsp be belpfil teringlederanly twocidiacent cvalieys 1462

ror e pref or ably SRy e-prdil pfleafilihid kGl i lied efiren siFceptivedinyof
about 200 micronwalleys.s, nore preferably about 100 microneters _ or
under st oodt5 |t hat 1 risgogh et 13 icbier iy S om S8 ead 152 dewiive: he
Ao opt Poal |0 Can 0 prBChret uE e g TCol LY SirtY D Qs e

sui tabl e met hodof spaced Yalleyy d s thefim1AQ could inclyde amy nupsber ogroupskagt jusp, i n
the finished ;| Qith ﬁ,@ ' llﬁﬁﬁ% 0 .ar ooves cut
into the tool. In?mﬁ?g;%'oo ‘used to 3 i4@|gsro a}iclreggt e tﬁoré'ﬂ'&ql equal
cylindrical rol mmbersofevenly-spaced valleys 146t twill bémnalerstandithit eachi gréup mby include
to a constgnt dgnt onstant thread.pitch over the grooves used to
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form each group onstant peak pitch. If thread
cutting is used to form aAs altdmativé messure of the group size can be based on the width of the

groups as measured generally perpendicular to the peaks and valieys. Preferably, the
- width of each group is about 1 millimeter or Jess, more preferably about 0.5 millimeters
or less, more preferably about 200 micrometers, more preferably about 100 micrometers
20 or less, and even more preferably about 50 micrometers or less. It will be understood
that, in part, the desired group widths are based on the pitch of the peaks and valleys in
the film 140,
After the replicated tool is manufactured, the film 140 can be
manufactured according to any suitable method. Examples of methods and materials for
2s forming structured optical films are discussed in U.S. Patent Nos. 5,175,030 (Lu et al.)
and 5,183,597 (Lu). It will be understood that the chosen manufacturing process is at
least somewhat dependent on the material used for the films.
Turning now to Figure 5A, a cross-section of another alternative
structured optical film 60 according to the present invention is shown in a schematic
30 diagram as including a plano surface 62 and a structured surface 64. Structured surface
64 includes a plurality of generally paralle! prisms defined by peaks 66 and valleys 68.
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PCT/ US97/ 03323 desirable to hold the thread pitch constant for a
nunber of roll revolutions that is not an i nteger. Even nore
preferably, it is desirable to hold the thread pitch constant for a

fractional nun‘g@;#ﬁ% is not easily multiplied to equal an i p&ERgSsme3szs
Exanpl es of us nunbers of revol ul¥-ons over which thread pitch

could be held constant include, for 5 exanple, 0.85, 1.15, 1.3, or

2.15. It will be under stoosuhaa;tedtﬂmsomcmgeygrpuystdﬂpeaksﬁﬁtmconmmpeampm'her
of revolutions over which thread pitch is heI const deter6|g1 nes the

nunber of T‘}ié"&?&l"?‘ﬁh’%%l s CORStaTt BYFRS group 10 °fP°‘k’ Asecond Af ¢ or
the tool is manuf 5& fik OW,M,M, sbehtoithe Hidt Ot?ﬁe nd
tool according to a swta | e rret od. Exanp g? of net hodsﬁgnd mat er?ec?

for formng 10 greup'b'koﬁpeektﬁﬁﬁmcabnﬂmtmkaﬁdkcﬁ’kcﬂsvedﬂem&nthhpaht
Nos. 5,175,030 (L I 5,183,597 (Lu). It will be
under st ood t hat ¢ éﬁ%ﬂégg#tﬁgﬂﬁf gcturl ng process is at |east

somewhat dependent on the The simber ofipealts 66in caticofithé groups can be varied to reduce the
The tooling used ¢ nufacture_the film40 c e replicat .

el ectrof orni ng orM® ‘i@ ygﬂwmew ﬁggﬁﬁ%%gﬁ‘gﬂ%gém%“ of
the pattern 15 grouﬁs%fiﬁd"l@ﬂlm&x ﬁﬁfﬁ,@@ |obﬂs?£r§g |s
then used to forma film the result, |cted|n Figure 4 I's a

film140 that is Iasnmegmmvedﬁbmpmﬂmsmhqprm n; it may be helpfukivhereat 4A.

rrar oot oot o7 SR Riorihe dsone R B 20 G ene By, pEEI S0 15 s Yo,

is located i m*rediprbﬁhylyabouts orfmbralnﬂruveﬂmotdwaﬁmblyiabgndwféﬁ&peﬂhemmd

P ATt o ent. 1 or FHRRISHURE Tt pAR s heii o incolioniy Frbipbis prkls i,

the variation in 1\ealﬂr&ﬁdamwmmeﬁqmm§mmmmwh&pmofpm
visibility of noire interference patterns when using film 140

The valley pitch in a fil mARplerRatiNerTRRAsYrE ﬁth&m%giﬁ‘a'ﬁm&ﬁ@s&ﬂmm

I nvention Wl pr :;}-lgll,y?,Pg,i ﬁg,gm}e mlgpﬁ,sﬁ,fg&i:g bly
the valley p]"lktch ‘gig i out m croheters or SS \’\ﬁ{en ?’??a
structured film 112mfetablyuﬁlsdwdthoﬁmmupformmyapgﬁq;pbwsabmcbmﬂxmterngess,
liquid crystal el

the valley pitch ﬁ%rre% MP%@%’%‘% 'ﬁgre\ﬂ'%ﬁ'aﬁy% %Smﬁfﬁﬁut
et C{ i erf moreplr d ’ : orke, ak o d at. 50, 40‘“350(*I tge
present inven |on an ude grou s spaced ,a an
20 microneters. °6§°‘I%S‘pE'LPV‘ﬁtbG“B¢WP%8‘ﬁ'a Wﬂnﬁ’&@m d\gzpupeyidihseesh t o
m ni mum val gy plgméﬂ,égﬁchqu ghituredBinfs?r ef er abl y

about 1.5 or greater and even nore efera'vgE about 2.0 or greater to
reduce the vi si bi | iAlthough the Gﬂmdmmedwnben!pmms 70 and 72, it will

be understood that the present invention includes films having at least two or more
groups of peaks, i.e., the film could include any number of groups, not just two groups.
Also, although the film 70 is shown as having two groups with equal numbers of peaks
25 66, it will be understood that each group may include the same or different number of
peaks 66.
An optical film 60 can be produced using a tool manufactured by any
known method. It will be understood that the height of the peaks in the finished film is a
function of the depth of the grooves cut into the tool. Ifthe tool used to produce the
30 film 60 is a cylindsical roll, it can be manufactured by thread cutting the roll at a constant
thread pitch over the grooves used to form each group of peaks having a constant peak
pitch, i.c., the number of revolutions at any given thread pitch will define the number of
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PCT/ US97/ 03323 The nunber of valleys 146 in each of
‘the groups can be varied to reduce the visibility of noire
interference patterns. The film 140 includes groups 150 and 152 in
whi ch groups of three adjacent valleys 146 have a constant valle itch. In
sone WO PE ed fil ns accordi ng to.fdbe present inverﬁ‘?r(‘)‘f??67 :1323may be
hel pful where at |east one 5 of the groups has about 20 or fewer
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understood that the present invention includes filns having at [east two or

nore groups’ preferably, it-i§ desirpble to hold thethnead pitchicopstant for & fracfional pumbsr that is

i ncl ud : ' h
the f11m 140 | o ety MGHEYto Balal biiBleger, Exampled Pyl iibert be yotiiond ° 7
gvelnl é sggced ;/awﬂe'ylnchlthﬁ'ﬁg p#tchmduldt MMMM%&J‘M e?mgle, 0185153, or

i ncl ude saemar . di er . S : - '
An al ternative 2@33%@’5%‘*@%@%@F’%’%ﬁ&gég%@é&m& Of Eevajutions oyer ¢ he
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Preferably, the wi dth of each group is about 1 mllineter or |ess,
nor e prefe*oablym&t 0.5 millineters or less, nore preferably

fess, and even mor e pr of of SAP SRR figd IRbEole Bk Y it Sl digoysped
under st ood above; tha depth of the groovesien the tdol usedge oupufaétiteitse fimshanaliods t he
Ater the ropli haigukle AN ich aswel irhiE oo iFTotiat o e qusing, i
manuf act ur ed ac prefetredgo conseansly vary tiaiepthaftieopioove formdddn thfcylimicald ol oTshe
materials Lor variation could include varying the depth at a constant or changing rate between a

minimum and maximum, although it may also be helpful to have interim targeted depths

between the minimum and maximums that are interspersed about the circumference of

the roll to avoid adding periodicity to the grooves and, thus, the fitm 60 formed using

the tool.

20 It may also be desirable to vary the number of revolutions it takes to
move between different targeted groove depths and, also, to use a number of roll
revolutions between targeted depths that is not an integer. Even more preferably, it is
desirable to use a number of revolutions including a fractional portion that is not casily
multiplied to equal an integer. Examples of useful numbers of revolutions over which

25 groove depth would be varied include, for example, 0.85, 1.15, 1.3, or 2.15. The
targeted depth of the groove would then vary between the starting and ending point of
each desired number of revolutions of the roll. ,

The changes between targeted cutting tool depths, i.e., groove depths,
may correspond to the changes in thread pitch about the roll, or altemativeiy, the

30 changes in targeted tool depths may be independent of the changes in thread pitch. In

other words, the number of revolutions over which groove depth changes can be the



25 formng structured optical filns are discussed in U S. Patent Nos.
5,175,030 (Lu et al.) and 5,183,597 (Lu). It will be understood
éthat t he chosen manufacturing process is at _ | east somewhat
.dependent on the material used for the films.

. Turni ng now to@ éSnA a cross-section of another alternatiygmncoms B
‘structured opti ggwé‘iﬁf 60 according to the pa®sent invention |s,U 33

schematic 30 di agram as including a piano surface 62 and a structured

surface 64. StrucCt sanfhs o BilffRt than the numbet of Rvolutions WWcthdﬁmﬂdWy
.parall el prisns defined by peaks 66 and val |l eys 68.
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72 of peaks 66 S Iocate | at el,y adjac fd r.St..gqr.ou . The
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that is different 5ﬂ93f5911@l.na961%|6:m5ennderswoﬁ<t!iht@iedhbﬁenthmfac&iiﬁglﬁroé&sisatlm

The nunber of peaks 66 in.each of the gr.oups, can varied to reduce the
dependentonhe matepal %Ehéé

visibility of noir%m ‘he film60. The film

60 i ncl udes gr oups ?gg: E0'mInBared R{Iﬁt ﬁﬁm
peaks 66 have a const ant pea@" ﬁ&h'ilf'aﬁﬁi I'n some struc gﬁ%
according to the puwumohmﬂnpgfuahlybed:omdayﬂlbmttrdrﬁsalmmhpre&rﬂyﬂﬁpeakjnwhst

Fover, more B ° aﬁ@rﬁ% e B bl 8 s i RO et B oBfen

about 3 or fewer pdiaays gmmdmmupwpmadﬁdmume&amaﬁ&f&my,
hel pful to include only ad acent, eak 6 in a ﬁ
provi de a pattern ¥hSPgRk fPFeA‘?Pé l‘?&mﬁ t%&%é%mqorpms

of peaks. a&gﬁ&gﬁ, “ﬁhE'E g“,gﬂn Rehile ige
in film®60 can be Easceaé on I?‘he 15 tr}hof t he grtoups °§s rrea%&ena&

general | y per pendi peaksspaced ati$6, 40; 30 snd:2Qimiredmpeters.. It may be helpfiil t;fmuubmmmm
more pref or abty apbe R iR bR o s foriBe 1.2 (B gredlf il sieeabl ot
nm croneters, 1.5 or greater and even more preferably about 2.0 or greater to reduce the visibility of
moiré interference pattems.
In addition to varying pitch (peak and valley) any of the structured
optical films manufactured according to the present invention may also include
20 structures in the film 60 that prevent or reduce optical coupling. The film 60 is depicted
as including taller peaks 66' at each end of the depicted array that can provide the
desired spacing between fiim 60 and a smooth or plano surface (not shown) above the
film 60 to prevent, or at least reduce, optical coupling as described in commonly-
assigned, copending U.S. Patent Application Serial No. 08/400,052, titled LIGHT
25 DIRECTING FILM HAVING VARIABLE HEIGHT STRUCTURED SURFACE
AND LIGHT DIRECTING ARTICLE CONSTRUCTED THEREFROM, filed on
March 3, 1995. One preferred spacing, or pitch, between the peaks 66' is about 709
micrometers, although any desired spacing could be provided.
The tooling used to manufacture the film 60 can be replicated by
30 electroforming or other suitable processes, thus forming a “negative” of the pattern
formed on the master tool. When that replicated tool is then used to form a film, the
result, depicted in Figure 5B, is a film 160 that is a “negative” of the film 60 depicted in



nore preferably about 100 micrometers or |ess, and even nore preferably

about 50 m cronmeters or less. It will be understood that, in part,
the desired group widths are 20 based on the pitch of the peaks and

val leys in the structured film 60. Al t hough the film
60 is depicted with only two groups 70 and 72, it wll

under st ood t%?’?’??émpresent I nvention mclqdes films having ng"’lfgg 2 wo or
nor e groups of peaks, i.e., the filmcould include any nunber of

groups, nOt | USirghbs 41" A4PReeult, st raﬁia@soﬁahmmas%?vén@s%qrﬁrg colfy’ as

having two groups wth e ers of peaks 25
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ool - manuf act ur M- secand sroup 172 of UG 168 et ooy REbcRI0 NG 00
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dept h of the gr poyes ¢ to.the, f the used to produce the 30
filme60 isda cylS q‘é??’ﬁgpmrtg?weyp db'e‘%'ﬁ‘aﬂﬂ? i ired by thread cutting the
roll at a constant ThelalfuBa bRy 166/ eatt\GF t EXRFcatiBE Yaridd (o 3EdTicE 2C

group of peaks having a constant peak nunber

revol utions at W@Mnfmmpmemcmfmdemm&eﬂmm
WO 97/ 39369

PCT/ US97/ 03323 ncludes groups 170 and 172 in which groyps o fﬂ% r‘é’é‘&‘“ﬁu"f‘é‘i’f‘ MabR 2y so
corresponds to t:dsmtanuvdﬂejp:tdx ilesdmestmcmredﬂhm thepresentifivititiond -

B a3 nrbi

an integer. Eveﬂbdmeoréwer m&émwﬁoutsomwaewa%ﬁ.&@p jib%uwf ead
pitch constant for a fractlonal nunbér that is easl |
nul tiplied to egquiewenyalleys: dpsome stsugtpsrd-fimsfit MMﬂQW#MIMl ons

et i 1 cho R, o AR o R O e
of the nunber obetweercsuatessivespairs of valleys. whi ch thread pi tch is held
constant dgterm nes the nygbety G fS 163 is dipifa Wik onlyivo groups 170 and 172, it
will be understood that the present invention includes films having at least two or more
groups of evenly-spaced valleys, i.¢., the film could include any number of groups, not
just two groups. Also, although the film 170 is shown as having two groups with equal
numbers of evenly-spaced valleys 166, it will be understood that each group may include
20 the same or different number of valleys 166.
An alternative measure of the group size in film 160 can be based on the
. width of the groups as measured generally perpendicular to the peaks and valleys.
Preferably, the width of each group is about 1 millimeter or less, more preferably about
0.5 millimeters or less, more preferably about 200 micrometers, more preferably about
25 100 micrometers or less, and even more preferably about 50 micrometers or less. It will
be understood that, in part, the desired group widths are based on the pitch of the peaks
and valleys in the structured film 160. _
The valley pitch used in a film 160 manufactured according to the present
invention will preferably be about 1 millimeter or less, more preferably the valley pitch
30 will be about 100 micrometers or less when the structured film 160 is used in optical
displays incorporating liquid crystal display panels and similar devices. More preferably,
the valley pitch for those applications will lie within about 20 to about 60 micrometers.
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peak pitch) are varied as discussed above, the depth of the grooves
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over which 25 "ﬂ?’%g@ AP the Present inygation can becombingd ing. g5
.15, 1.3, or 2. Hossedpationsip o rededRl ARG o irkdfer ol BUferD sl e

vary between the starting and endi ng point "of eac nunber
of revol utions ohlternative,dt may be helpful to use the structured films atcording rothe ptesenteen

targeted cu ing.;ﬁﬁi | , Ve. . ,correspond
to the chang&es i n r%g‘ﬁ‘mﬁ??@#’ég%l?fg%@%?f%?“%%ﬁﬁwgyﬁb?%?%
changes i n t ar gethmtlisitieohost sighificantregntiitatontd ehecvisibdlity offnoirl interferér@e patteing. hr ead
pitch. In ot her mrogd?ﬂ tt&a nunber of. revolseudt'o S over V\:h?Ch groove
Wéehﬁwéacc g to the p yventign are u i’orﬂneupperﬁhn, the lower

dept h changes ca

- 13- film could be anfGiliek Si}tEbIQ 3@cured optical flmSdEI f%F cliantih§ bAgHRRss 4 an
t he nunber of revolutions over which the thread pitch remains _
constant within 8Ptifabdispiays. Examples of suitable films for pairing with the structured optical film
15 manufactured according to the present invention are available from Minnesota Mining
and Manufacturing Company, St. Paul, Minnesota (marketed under the tradename
Brightness Enhancement Film).
Figure 6 illustrates one application in which one or more layers of
structured optical film manufactured according to the present invention can be
20 advantageously used. The application is a backlit optical display assembly 80. The
assembly 80 includes a display panel 82 and two crossed layers of structured optical
films 84 and 86 manufactured according to the present invention. The optical display
assembly 80 includes a backlight assembly 88 for use in those situations in which
ambient light is insufficient to view the display panel 84. Although two structured
25 optical films are depicted in Figure 6, it will be understood that an optical diplay could
include only a single structured optical film manufactured éccording to the present
invention. : '
Although the particular material used to manufacture structured optical
films act.:ording to the present invention may vary, it is important that the material be
30 substantially transparent to ensure mgh optical transmission. Useful polymeric materials
for this purpose are commercially available such as, for example, acrylics, and
polycarbonates having nominal indices of refraction of about 1.493 and 1.586,



After the tool is manufactured, the film60 can be manufactured using the
tool according to any suitable nethod. Exanples of nethods and materials

for formng 5 structured optical filnms are discussed in U S. Patent
Nos. 5,175,030 (Lu et al.) and 5,183,597 (Lu). It will be

under st ood tv% t he chosen manufacturing process is at |east

somewhat depe {{ied the material used fojg.the films. PCT/USH7/03323

The peak pitch in a film60 manufactured according to the present

i nvention wl | bl be r._or.less referably

t he peak pitch r%; e&l ‘?"“58’%@3&?"’?&6“%@‘%@ 16, ROlygRter, é’ggg % he
structured fil rpol}Qretlmnu,qm@styremmuIMiyl chlonde, anddhsﬁlkanWlﬂem‘aObﬂﬁE\ﬁiﬂtﬂﬂeﬂidl qui d
cryit al tdlhstPl ay lFﬁe;nel %and S X I,ar%{j o gcs\ﬁyb U’i‘trabé}%“Yd’ Bhe
peak pitc or ﬁg%!b epseferreds
moroneters.  Usefol matkiill & folak stfichirrdpicd St i< IRBARGI aﬁﬁﬁ?"ﬁ%‘y&%nd 20

present invention include peaks spa

ro

mcronmeters. |15 }?éﬁ3ﬁﬂ-hﬂgﬂwfi,b33p$m maxi num 15 peak p| tch to

m ni mum peak pitch ratio oo refer . about
1.5 or greater and even %‘o‘?e“g’?‘g eml%%:ﬁ ?@&P&g&g&wgw@? Be the
visibility of suumnedopmaiﬁlmam:aﬂmgﬂrmpmﬁmmaﬁuonuedesuihedab it will be

In addition to varvin ch and val | y of the structured
optical films ‘?HB& M%ﬂé"f‘&”@ %é@‘g ﬂsﬁﬂm

i ncl ude 20 opfital Bl With bb&ixﬂ)oi‘\rﬁﬁy fiet conl u&ﬁ"@ ti cal
coupling. The f| I m60 is depr cte as i ncI udi ng taﬂi peaks i 66' at
each end 8 t haitheughgthefocusof she Qbmﬂlwﬂﬂqnmmqmeuseofcyhndddmds&Mpam ng
between film®6 bove .t

filme60 to preven¥ or é;% |:i { uce a‘ﬁwecﬂfgfﬁ% %é%‘ﬂ’f’&gé’ﬂ |n
conmmonl y- underaeedtjnteplmuphnglcmgﬂ mﬂaemmmwwmemum%rl al :

08/ 400, 052, ti LI GHT,..25 DI,RECTI NG El VARI ABLE HEI GHT

STRUCTURED SUR ore, althou ANW@FP”& g@l‘ﬁ‘%’ﬂﬂr‘%l“& paving

THEREFROM fi | esacth parallel ?ﬁﬁ;%&@ﬂyﬁﬂi&f&% Yolg pitch,
4 09 II tihougﬁ an

bet ween the peaks 60" IS about m croneters y
desired shhci n@rEERHIRVEREONy oy ded. The tooling used

to manufacture the film gf ﬁ’ﬁa‘“@ nbf it %ﬁ ﬁ“[ﬁ? g or
ot her suitable processes, thus grm ng ag ne a%& f e pa{”@gmﬁ&

formed on the MF&OMImmmmmmmMQmmsﬁmmtto forma

film the . sult, depicted in Figure 5B, is a film160 that is a
"negative" of € 1.1 Im 60 depicted in
20 Example 1

A structured optical film according to the present invention was
produced using a tool manufactured according to the following method. A cylindrical
roll having a smooth surface was cut using 8 90 cutting tool. The cutting tool was
advanced along the axis of the roll at a constant rate of 32 micrometers for each full

25 revolution. As the roll was rotated during cutting, the depth of the cutting tool was
changed 16 micrometers over 0.85 revolutions to define a particular “cut” as defined
herein. As a result, if the tool ended at a depth of 16 micrometers at the end of a cut, it
was then moved out to depth of 0 micrometers at the end of the succeeding cut.

"The film produced using the roll cut as discussed above exhibited a

30 constant peak pitch and varying valley pitch as described with respect to Figure 3 above.

When two layers of the film so produced were crossed 90 , a moiré

interference pattern was visible, but at a reduced level as compared to two crossed



WD 97/ 39369 -14-

PCT/ US97/ 03323 Figure 5A. As a result, structured film 160

i ncl udes groups of valleys 166 wi th constant val l ey pitch. The
valley pitch, Pv[err], remains constant over a first group 170 of valleys

166. A second PSP %{?2 of valleys 166 is |ocated i medi at el y pagdiaemBiast O
the first o @’ p 170. The second grougl7d72 of valleys 166 has a

‘constant valley pitch, Pv[err], that 5 is different fromthe valley

pitch of the fi rSWOM&IﬁhnswuhaconmntpeaklvaﬂeypnchTmheBwMﬂaﬁfsexhibitﬂls
166 in each of the groups can be varied to reduce

he VISIbI|Ity of
noi re int erferenc&%ﬂﬂé‘ﬂﬁ%§éﬁ%m&reﬂqmﬁﬁes”*mﬁﬂ’?
i ncl udes groups 1 %Fh&ﬂ%'l%(ﬂ?ﬂmﬂhwiﬁﬁoﬁ%ﬁ% sﬁﬁlﬂy%nés@@
t va tch n

have a constan sonme structured filnms acCording to

the present i nvenMnmganthmfacmmm;CdmmnISﬁW\Men@Om Gainwas measured usinga

nore. prof or anty. aBARER G SuatE Mikers s Te@otony e, (Camll Sibpigélof), MG

or fewer vaIIeys 01@§%WWM%MMM(WMQM$PMSUO
I nclude only two adj acent vall eys 166 in a group, ‘prow de a
p?ttelrln in V\/r11|5ch {Spectiallojasimetar; The Mmeasurcments were \ﬁ@é&"%@gﬂg 4056 mm (16
of vall eys. : éinter i Glor Whiclh
y Whesagabﬁv_fzt!:elﬁl%mmd {02 Biishs Qlere abor Wb%ﬁqwgﬂn

only two groups 1 wi | | “be understood t t he present

i nvention i ncl ude46 frichessx $iimches)y at | east two or nore groups of
evenl y-spaceq valleys, i.e., the filmcould include any nunber of groups,
not . j'bst two groups. Also, although the film 170 is shown as havi ng
two groups wth e@Esample2 nunbers of evenly-spaced valleys 166, it wll

be understood that each groyp nma nc 20 the ane or, di fferent
nunber of valleys 166. A “z"d nca?glm PIEIEPtiBVERtOR WS, of ¢ he
group size in fil rﬁé&ke&@d&.d@ﬁmbﬁﬁﬂd&eﬁréd&cm tom%namngm@ Alcylinliticals
measur ed gener allwer pendicul ar to the peaks and val | q)is _
Preferably, the wirolhaving asmaethysusiaes was qubusiag a 90icpttingteal; The cuttingtoolwase

referably a put | 0
ﬁ1cromet e¥s qmre‘ﬂ%aﬁ?@%#@%%%gfa@g%gﬁs or 'f#eals’y ﬁ%ﬁg even

nore prefer abl y aladwincédientiof thecutting toobwas dmgedlformhmup 0f 2.15 révelutiorie r A< the d

that, in part, the desi red ou dt b ch, of eaks
and vall eys in thé’°€ ﬁ“‘?‘%%gﬁ depth SFE {odfwd s WM
pitch used in a fi W Immmﬁmpreﬁmémdxsconummes

i nvention wll referal be bu ter or. less, nore prefera
t he val |l ey pltcﬁ in the cuttin; y eptg,tge rHepthorﬁhetoolaﬁuonegoupofz Srevolnuon;was

20 the starting depth for the next group of 2.15 revolutions.

50 ~ 28

1.
2 30 18 23
3 40 23 13
4 20 13 18
S 30 18 23
6 40 23 13
7 20 13 18
8 30 183 23
9 40 23 18
10 30 18 28

The above array of groups was repeated until a sufficiently wide roll was
patterned to form a film. Desirably, the array included two tall peaks spaced at either



30 will be about 100 microneters or | ess when the structured film1l60 is

~used in optical di splays incorporating liquid crystal display
“panels and sim|ar devices. Mre preferably, the valley pitch for
t hose applications will lie within about 20 to about 60 m croneters.

WD 97/ 39369 097739369 15

PCT/ US97/ 0332% The.fg.l m 160 can be nBRUPTOR2]
froma replicated tool according to any suitabl e method. Exanples
of met hods and ' infRkonk ' fil are
di scussed in U. gﬁagédtugz(t% NoS. &&%%H‘OBO Lu ti al ig aégtgei% Hge

w | | beounrmry,topwlcmm he chosen manufacturing process is at

| east somewhat dependent erial d for the filns

As di scussed with respect%@ﬁogﬁwgfthf%ﬁprﬂg Mﬁf‘?“é‘ilﬂmﬁ’ﬂtmmh

varying pitch mimerfeeaics patterr vaovisibleg The ciobsd ik yeﬁmbnw%rﬂ{‘%&f t ,§
SI Ity o

conbined in a crossed relatlo sh to reduce the v

moi re i nt erf er efieBP3Sed foswoLrossed layers of B lllll(BEia!/wnh%qirrsﬁul
to use the strugideed ﬂj@hﬁmﬁrgm ' Niifindsba liﬂ? , venti op. for
t he upper layer of such a paire sconstrucétﬁlbo cause | ﬁ g

| ayer t Reyl, Minnesota. rﬁmmmmmﬂemwmwmmmm bl lity of
noire interference patter il ns accoprgdjng to the present .
i nvention are used for the ﬁ'b?)@?sl?mw}ﬁteﬁ{"b °s’°‘?w’d"?’ of be any
ot her suitable Bhghméss&ﬂmmmﬂﬂmfll oD 250 miGORBIRF hitdh ﬁi@iﬂ?&? of
opti cal dlsoplay es of swtable Ll ms for ring vm?

struct ur ed®pt i gﬁt“‘eF‘?tF MM"“MMM ﬁﬂ"ﬂ iMinnasota), o inoreasech t

i nvention are aymbbmF Mofré Berfddnoewas gl Q/anuf cturjng
Conpany, St. Paul, M nnesota (narket ed under tr?g’trag;t‘ggm m“?“&’“’d

Bri ght ness Enh amg@m tojthe prpsent invention. The brightness of that chinbinstionCwislipfovedit €S

one applicationgi r.&lab fAR S of structured optical
fil m manuf act ur ed accdo gétm’? Eg"liresenf i nvention can be 20
advant ageously used. The appllcatlon Is a backlit optical di spl ay assenbly

80. The assenbly I ncl udes di spl a 82 and two crossed
| ayers of sstructured optlg'm teoh admg“s’xndoplﬂiﬁcwommtedhermm

incorporated by reference in their entirety, as if each were individually incorporated by
reference. Various modifications and alterations of this invention will become apparent
to those skilled in the art without departing from the scope of this invention, and it
should be understood that this invention is not to be unduly limited to the illustrative

20 embodiments set forth herein.
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t hose situations in which ambient light is insuffcient*to®view™hé *
di spl ay panel 84. Although two structured 25 optical filnms are depicted
in Figure 6, igv(m';,#s@e understood that an optical display cop¢fhusezns2s

i ncl ude only a single structured optical fil-M-mnufactured according to the
pr esent i nventi on. Al t hough the particul ar
material used to wHAT IS CUAIVED ¥S:t Ured opti cal films according to

the present invention may vary, It is inportant that the material be 30
substantially transparent to ensure high optical transm' ssion. Useful

polymeric materials ﬁ“%mﬁ %ﬁ Havedtd thab! e
such as, for exanple, acrylics, pol y car onat es having nom nal
i ndi ces of refracﬂﬁnturdfsudhmﬂnmpnﬂs and 1. 586, WO 97/ 39369

PCT/ US97/ 03323 res ectiv he u Lnclu
acryl ate, pofyester, rﬂl yp gteg%““ﬁ’l’parxuﬁo?% ‘R’&fé‘n?ﬁg’l'wg ?’g(ﬁgms
pol yvi nyl chl ori d@pmdbyheangiyj(e Wil e the part i cular materi al

not critical, materials havin gher i ndi ce refractron erI generally
be preferred. b)sef @ifir |°£P§J% W atical filns

are discussed in U S Jategtedin grouﬁ
5,183, 597 (Lu). oyt Chlseddid Ofad,&réényalthou n 'éa“hd?é‘ﬁ%@‘b 2 8oend g
t ool i ng usef uI fop‘oumniﬁdmcmmﬂﬂgbmngloutedsilmmﬂbﬁgmwwmbﬁd)dcm peaksor di ng

Rt "o o VERBRBR YRR ACIRRS bbb ki <. cled

optical filmwth varying peak and/or valley pitch could be substituted. In
addition, 10 = althou h t he focus of the apove di ssion has been on the
use of cylindrical to f @ film accordin WSBF’%W?@&‘@JMQ‘&Wi | s
according to the g ,bbawu,.rf% bgksshoul d be under st ood t hat

pl anar tooling coul al so be used to manuf acture the fil ns.

15 3. A film according to claim 1, wherein the first group of adjacent peaks
comprises about 10 or fewer peaks.

4, A film according to claim 1, wherein the valley pitch within the first

group of adjacent peaks varies.
20
5. A film according to claim 4, wherein the valley pitch over 3 or more
adjacent valleys located within the first group of adjacent peaks varies.
6. A structured optical film having a structured surface, wherein the
structured surface comprises:
25 a) a plurality of generally parallel peaks, each pair of adjacent peaks being
separated by a valley;,
b) a first group of about 10 or fewer adjacent peaks having a first peak
pitch; and

c) a second group of adjacent peaks having a second peak pitch, the second
30 group of adjacent peaks being located adjacent to the first group of adjacent peaks,
wherein the first peak pitch is different than the second peak pitch, and further wherein
the valley pitch over 3 adjacent valleys within the first group of adjacent peaks varies.



Furthérrmre, al t hough thread cutting of cylindrical rolls wl I
a film having exactly parallel prisnms, the prisns Wl II“”“HL wﬂlm| |II|
i * € L M S *

parallel for the purposes of the 15 present invention.

The following non-limting exanples illustrate the manufacture and

features of t\%) structured optical filnms according to the principles of the
pr esent ORIt i on. 20 Exanpl e_do. PCT/US97/033%3

structured optical filmaccording to the present invention was
produced using a tool manufactured according to the follow ng nethod. A

cylindrical roll having a snooth surface was cut using a 90 cutting
tool. The cutting todl wad filmaccordingitb/caimeldora, whereinthe first grodp of &fjaceml | at a
constant rate of Hicr.oneaﬁqer far each full 25 revol ution. the roll
was rot at ed duripﬁééfﬂ??ﬁ?é, “ﬁg% Fp he cutting tool was

changed 16 micronmeters over 0.85 revolutions to define a particular "cut”
as defined herein. As a result, if the tool ended at a depth of 16
mcroneters®at the efd of Adilmgecordipg to claim 1 or\§y whengin thefisstgroupiof adjacempt h of
O mcroneters a AP Gelikgg cut. The
film produced u?ﬁ\%%?ﬁgﬂsregﬁ&l?gt&as dﬁ%ssed above exhibited a 30

constant peak pitch and varying valley pitch as described with respect to
Fi gure 3 above. . \When t | ayers, of the filmso
produced were crossedt 90, Afimafording to mqi%@ﬁ%‘ﬁ‘éﬁl‘e&ﬁﬂmwwﬂm e,
but at a reducedomprise kzagmzc?akgd to two crossed WD 97/ 39369
-17- CT/ US97/ 03323 structured optical filnms with

a const ant lopeak/val |l ey pitch. The crossed | ayers exhibited a drop in

gai n of about 8. 6% agp CONRFA Aedofding' ¥ iR S ; : | gt ness
Enhancement Film (BEF 1-90 prisms Wth a gbﬁghuéﬁgﬁée?'ﬂoﬁ'f%m af by
M nnesot a adjacent peaks is about 1 millimeter or less.

1. Afilm according to claim 1, wherein the width of the first group of
15 adjacent peaks is about 0.5 millimeters or Jess.

12. Aﬁhnwcordingtoclaiml,whereinthewidthoftheﬁrstgroupof
adjacent peaks is about 200 micrometers or less.

20 13. A film according to claim 1, wherein the width of the first group of
adjacent peaks is about 100 micrometers or ess.

14. A film according to claim 1, wherein the width of the first group of
adjacent peaks is about S0 micrometers or less.

15.  Astructured optical film having a structured surface, wherein the
structured surface comprises:
a) a plurality of generally parallel valleys, each pair of adjacent valleys being
separated by a peak;
30 b) a first group of adjacent valleys having a first valley pitch; and



M ni ng and Manuf acturing Conpany, St. Paul, M nnesota. Gain \A/Tﬂllmﬂﬂwmumlmll
using a 5 backl i ght from Sharp M croel ectroni cs Technol ogy, sl
Washi ngt on), Mbdel C12P, and a | uminance neter from Phot'o Reskar'th ®
(California), Mdel PR650 SpectraCol orimeter. The mesurenents were
taken at a di stancls of about 406 nm (16 i nches) above gdygydorpssenind
centered over YR s witch were about 1521sam x 203 mm (6 i nches x

8 inches). 10 Exanpl e 2 A structured optical film

according to the presgnt igyesid @bup/\6fadjacent valieps heslitspeiseosridngliey pireh) the
manuf actured according to the foll ow ng thog. A C liFd i cal . roll
having a smoot h sespadgroupatadiaspent yalleys bemg)lpcets P‘?JPﬁf“{?S’d ‘?E'FHU"EBIPﬁdMF{“ooI
was 15 advancg ae?géq'oﬁ?rémewﬁa !f?;}aﬂmq’ Hﬂbﬁn@&a@ﬁﬁ%&héﬁ)ﬂh&%&&.wer 2.15

revol utions. The'r cement of the cutting tool was changed
for each group of 2.15 revolutions. As the roll was rotated during

Ctarting degth to an Miai o S Avals oiin 15 iR s b Eagarens ey

di scontinuities com%ﬁsesmutm@gﬂﬁﬁbﬂmeﬁ,epth, t he endi ng depth ofthe tool

after one group of 15 revol uti ons was 20 the starting depth for the
next group of 2.15 revol utions. G oup ' 1

50 28 : : : :

20 1817. Aﬁlmaccordm&%g]mm%wheremthepeakpxt&:g)oveﬂormore

40 adjag®t peaks located within the firg group of adjacent valleys vari¢s,

20 13 18 5

30 10 18 23 6

40 2318. A structured optical film having & structured surface,/wherein the

20 ' 13 . 18 8

30 strucgured surface comprises: 53 9

40 23 lurality of parallel valleys, each pair of 2l bei
30 T5®  aplunity of generd eys, each pair of sfdoent valleys being

array of groups weparatehbsapeakinti| a sufficiently wide roll was

patterned tg, forma fyfm  Dagi Ealh ke a1 od fbed bt Ay Bkt d 596 Sy

spaced at ei "f her
pitch; and
c) a second group of adjacent valleys having a second valley pitch, the
second group of adjacent valleys being located adjacent to the first group of adjacent
valleys, wherein the first valley pitch is different than the second valley pitch, and further
20 wherein the peak pitch over 3 adjacent peaks within the first group of adjacent valleys

varies.

19. A film according to claim 15 or 18 herein the first group of adjacent
valleys comprises about 5 or fewer valleys.

20. A film according to claim 15 or 18, wherein the first group of adjacent
valleys comprises about 3 or fewer valleys.

21.  Afilm according to claim 15, wherein the width of the first group of
30 adjacent valleys is about 0.5 millimeters or less.



O ko ogazs end anout 700 nicroneters apart. Tnes AN EILAI I
provi ded the structure to reduce or prevent optical colplS ndj s

When two |layers of the filmso produced were crossed, alnobst no noire

I nterference at n was visible. The crossed | ayers exhi bi I n
gain of 6% ag‘P 335 conpared to two crossad. | ayers of Bri g#?ﬁg%gﬂgﬂ?
Enhancenent Film (BEF | with 90 prisns spaced at 50 m croneters)
sold by Mnnesota M# ng Lfih dsrdingcb elaim s, Qﬂﬁ%ﬂﬁeﬁthoftheﬁrst r%%%f’

M nnesota. Gain was neasured as described in connection wt

When a singl e |adjasentomlieys issabout 290 micrometssserdessi t h a bot t om I ayer of

Bri ght ness Enhancenent Filmll (90 prisns at a 50 mcroneter pitch)

(avai l able from 10 M nnesota M ni ng and Manuacturi ng Conpany, St Paul,
M nnesota), an increzssed A film accordingno clasind 15, wherein the width oF the diest \wesupalrs er ved
as conpared to two fil panuf ur.ed according to the present

i nvention. 3The W*%@Q‘%@@M? rd%Swas i nproved,

however, exhibiting a loss in gain of 4.2% 15 Any
patents, patent docunents, and publications cited herein are

i ncorporated by ref édence structued optisalfilmdaving a stractured, sifage; (vehereinithei dual | y

thi's Prvent | on Wierrsur GRERNE xpiitite oF il piatd Wil Benileire o7

Wi t hout depar t i aifjackutovliéys being suparateid biytai peak, wierein the peskryitch is substantially shoul d
be understood that this, invention is t to be, und Jy limted to the

i|lustrati¥ fyheregrthe y W%Y@eﬂw‘ a group of three or more

successive adjacent valleys.

25.  Afilm according to claim 24, wherein the valley pitch varies withina
group of 5 or more successive adjacent valleys.

15
26. A film according to claim 24, wherein the valley pitch varies within a
group of 10 or more successive adjacent valleys. .
27. A film according to claim 24, wherein the valley pitch varies within a
group of 20 or more successive adjacent valleys. .
20

28. A structured optical film having a structured surface, wherein the
structured surface comprises a plurality of generally parallel peaks, each pair of adjacent
peaks being separated by a valley, wherein the valley pitch is substantially constant, and
further wherein the peak pitch varies within a group of three or more successive

25 adjacent peaks. '

29, A film according to claim 28, wherein the peak pitch varies within a

group of 5 or more successive adjacent peaks.

30 30. A film according to claim 28, wherein the peak pitch varies within a

group of 10 or more successive adjacent peaks.
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structured optical filmhaving a structured surface, wherein the ¢ * *
structured surface conprises: 5 a) a plurality of generally
paral | el peaks air of adjacent peaks being sep a
val | ey; W b) a first group e23.adj acent peaks m%gm%\i?i rst
peak pitch; and c) a second group of adjacent peaks
having a second peak Bitcha fiiQc&RdiRgth claim 28, whereilife flak PcRGARE wRkRIES
bei ng | ocated adjacent to the first group of adjacent peaks, 10 wherein
the first peak pigeup of204r mose mceesuveirdiacent peaksond peak pit ch. |
2. A filmaccording to claiml1l, wherein the first group of adjacent
peaks conprises about 20 or fewer peaks. 15 3. Afilm
according to claim1, wherein the first group of adjacent peaks

conpri ses about 10 or fewer peaks. 4, A filmaccording
to claim1, wherein the valley pitch within the first group of

adj acent peaks varies. 20 5. A filmaccording to claim4,
wherein the valley pitch over 3 or nore adj acent valleys | ocated
within the first group of adjacent peaks varies. 6. A
structured optical filmhaving a structured surface, wherein the

structured surface conprises:



25 a) a plurality of generally parallel peaks, each pair of
adj acent peaks bei ng separated by a vall ey; b) a
first group of about 10 or fewer adjacent peaks having a first peak

pitch; and c) a second group of adjacent peaks having a
second peak piw@osbige second 30 group of adjacent peaks being |ocated
adj acent to the first group of adjacent peaks, wher ei PC/US 703128
peak pitch is different than the second peak pitch, and further wherein
the valley pitch over 3 adjacent valleys within the first group of adjacent

peaks vari es. WO 97/ 39369 1

- 20- PCT/ US97/ 03323 42 7. A film
according to claiml or 6, wherein the first 'group of adjacent

peaks- conpri ses about 5 or fewer peaks. 5 8. Afilm
according to claim1 or 6, wherein the first group of adjacent

peaks conprises about 3 or fewer peaks. £€9710 Afilm
according to claiml or 6 wherein the first group of adj &ent peaks
conprises 2 adjacent peaks. 10 0 A~fi | maccording to

claim1l, wherein the mﬁdg@ of the firs
about 1 mllimeter or | ess:

peaks is

14




11. A filmaccording to claim1l1, wherein the width of the first group of

15 -adj acent peaks is about 0.5 mllineters or |ess.

12. A filmaccording to claim1l1l, wherein the width of the first group of
adj acent peaks is about 200 mcronmeters or |ess. 20 13. A
fiIn1according“h&ﬁ5£&n1l, wherein the wdth ofthe first group of

adj acent peaks is about 100 m croneters or |ess. PCT/US97/43823 A
filmaccording to claiml1, wherein the width of the first group of

adj acent peaks is about 50 microneters or less. 25 15. A
structured optical filmhaving a structuredfurface, wherein the
structured surface conpri ses: Z4a) a plurality of generally
paral l el valleys, each pair of adjacent valléys bei ng separ at ed by
a peak; 30 b) a first group of adjacent valleys having a
first valley pitch; and WD 97/ 39369

21 PCT/ US97/ 03323 c) a second
group of adjacent valleys having a second valley pitch, the second
group of adjacent valleys being |ocated adjacent to the first group of

adj acent val | eys, wherein the first valley pitch is different than

the second valley pitch.
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- 36 Ve
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5 16. A filmaccording to claim15, wherein the first group of
adj acent vall eys conpri ses about 10 or fewer valleys.

17. A filmaccording to claim4, wherein the peak pitch over 3 or nore
adj acent peaks located within the first group of adjacent valleys varies.

10 W097?]3369 A structured optical filmhaving a structured
surface, wherein the structured surface conpri ses: PCT/US97/03323

a) a plurality of generally parallel valleys, each pair of adjacent
val | eys bei ng separated by a peak 15 b) a first group
of about 10 or fewer adjacent valleys having agfirst valley pith;
and c) a second group of adjdcent valleys having a second
val l ey pitch, the second group of adjacent valleys being | ocated
adj acent to the first grouppf adjacent val | eys, wherein the first

valley pitch is different tigenfhe second valley pitch, and fgyther 20

wherein the peak pitch over "3 e eaks within the firste@group of

adj acent vall eys varis. 1¢ |\W‘HCCUTﬁhng

to claim15 or 18 herein the\fINst groug of adjacent Ie#s
: fifl
djjacknt

conprises about 5 or
) A fglm
)u# 39

according to claim 15 o%, 18, Zrgin thg first groupjo
val | eys conpri ses aQoup®3 or & | dys.
according to clai g5, mherdi w the firs
adj acent vall eys i:g abaFL_Q_ S .q,, | ess.
o . ©
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WO 97/ 39369

PCT/ US97/ 03323 22.

the width of the first group of

m croneters or
wherein the W @dembsdhe first group of 5
m croneters or
having a structured surface,
conprises a plurality of generally parallel
adj acent val |l eys being separated by a peak wh
constant, and further wheffei n t he val l ey pitch varies
successi ve adj acent vall eys.

m 24, wherein the valley pitch varies within

substantially 10
within a group of three or

| ess. 23

| ess. 24
wherein the

nore

25. A filmaccording to cl

a group of 5 or nore ccessive

26. A filmaccording to claim?2# er
a group of 10 or §pre spccessive
27. A filmaccording to®l gim 24, wher
a group of 20 @r e successive
28. A structured opﬁPcaI f i

-22-

A filmaccording to claim15, wherein
adj acent vall eys is about 200

. A filmaccording to claiml15,

adj acent valleys is about 100

. A structured opti eet/usezions2s

structured surface

val | eys, each pair

adj acent valleys. 15
elln the valley pitch

dj acent vall eys.
n the vall ey pitwh
hdj acent val | eys.\2
5t ruct ured surfgce
pf gener y
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29. A fil"maccordi ng to claim28, wherein the peak pitch varies M':

group of 5 or nore successive adj a&e'ht"'”pé'gi'k's;'.=._. 30. o 30. JPOR film
according to claim 28, wherein the peak pitch varies within a group
of 10 or nore successive adjacent peaks. WO 97/ 39369 _
23 P PCT/ Wil s n38 BecduaL rropERTY orGANIZAToN A cording
to claim28, whereinthe peak pitch vdntemaignuifued n g group of “20 or nore
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