; 1"e3ez=667D9d: <6&=Tz=I Vf O U2/ 1118; 8 Backlit display devices, such as
liquid crystal display 10 (LCD) devices, comonly use a wedge-shaped

| i ght gui dBOTRE+48Mdge- shaped | i ght gui de coupl es |ight fromP&TsUWIR2ENti al |y
| i near source, such as a cold cathode thuorescent |lamp (CCFL), to a

JJJJJ

substantial I'y pl anar output. The planar output is then used to illuninate

Fie b?@\@ﬁ@@)\m@ﬁﬁwmﬂ Rt O 2P enarar (Ul VHGRA LB

and_mor rtrcularly to bagkki@hts dmehsdidgiddoght gui de for meghopi.t h
optical strucCtures in one or nore surfaces of the I|ightguide Description of

t he Rel at eg1lechnglogy.Aeoneasure of the performance of the backlit
“display is its 15 uniformty. A user can easily perceive relatively small

di fferences in brighteessecafica deéspkaygdneomignes ar @ackliighbeadi agdeay to the
~next. Even relatively small non-uniformties can be very annoying to a user
“of the di sptiayularlly Surfateidithf isangior Lhttgudidd dseneds heat sptidulch
scatter the 20 light exiting the |ightguide, axe sonmetinmes used to nask or
sof t en nomumdtores tinesne dowewer sutfrcss diff flusildghtdusderesults in |ight being
directed away froma preferred viewng axis. A net result can be a
reduction in overall brightness of the display along the preferred view ng
axis, which is another performance neasure of a display device. 2 5 Froma
subj ect i vEe8tEREPOT FE Fled BEI VS TRTRPIC9Yner eases or decreases in overal |

bri ghtness are not as easil ercei ved by the user of the display device as
are discrete nonuni £8P ggsfpa%vx%ﬁ)’é‘f?s't ﬁgc}dia§pjrja‘%}”§e‘fﬁy€5a]déj§tsﬁjr%'r is

di sgour ag y even the snallest decreases in,, MO.(12/1) 1858
PCTTE) | 1 PTT0 5 ES ou rBrT b Eght Meede Rar g Fadr Sasd2? S I8t e hey
mght onl ¥ De ReRCNEELDY s QR Gebh W ARASHERTRYL) snlll-SudiSoDecaup Bdbspl ay
bri ght ness and power fequirenents of the display are close y related. If

overal | briohtaessas ziuhestoe eassd cvbt)hous d @Gﬁ%it@&llghﬁlirﬁquéﬂtﬁﬂtpomr,
the 5 designer can actually allocate | ess power to the display device, yet

still achireyg1anaackeptallsecheyakedfobiiighifesschdarpbattery powered
portabl e devices, this translates to |onger running tinmes. SUMVARY OF THE

| NVENTI ON | n accor daneenasistiie tdfethdypentdronnceant ofptd badklgkeentay sischtd0 as
a lightguide optical filmor lens, is forned with a predeterm ned,

‘pr ogranmednpiatcnéty. of opt cab esbilUC rares.ve Tivd abptrelvabmasitlr deffigrencasayn be
arranged to selectively correct for non-uniformties in the output of , the
optical ebemEnnesyroinpydiselay fanyedet orst Reriliesél eipecte the N58Ef ofifeRce of

the display in a predeterm ned, and desi gned nmanner.
relatively small non-uniformities can be very annoying to a user of the

display.
Surface diffusers or bulk diffuser sheets, which scatter the
20 light exiting the lichtguide, are sometimes used to mask or soften non-
uniformities. However, this diffusion also results in light being
directed away from a preferred viewing axis. A net result can be a
reduction in overall brightness of the display along the preferred
viewing axis, which is another performance measure of a display device.
25 From a subjective standpoint relatively small increases or
decreases in overall brightness are not as easily perceived by the user
of the display device as are discrete nonuniformities. However, the

display device designer is discouraged by even the smallest decreases in



1 51In afirst aspect of the invention, an optically transmssive film
having a first surface and a second surface and a first edge and a second
edge is fvoonBoHsitth a plurality of optical structures for ®Ed/UMIRRE4f| r st
surface. The plurality of optical strucbures are arranged on the first
surface in a predeterm ned pattern, 2 0 and each optical structure has at
| east one characteristic selected fromthe group consisting of an

anpl i t udebv@raq%rm%h@agssa@naﬁmg% deRlLfesERS NG IANACE BLIGALT Suabas. @ first
value for a first predetermned Tocation on the film befween the first edge

and the s?gmv@@lg@ apfkdch6e GhakaedRhbt St g1 N3s BemQSONG Wb Herididibes ent
fromthe tirst value, for a 2 5 second predeterm ned | ocation on the film

"~ di fferent shbawbhadhiuf Sdnenps edetes MiBerthy aeatdhosegncbthachi | mer bedrseen the
first edge and the second edge. ffO (12/11-1858 PCT/ USOL/ 2129-4 -3 In
anot her aspefitnefs tche baveatdeagd tieost ruetdisend rthaccardand @owet h thlhe
“invention is part of a thick optical elenent, such as for exanple, a

| i ghBgui déewenige om stanllThellstrictiase pogerachi Bvedianlavheetiveckyegl ement

t hrough injection nolding, casting, conpression 5 nolding, or by bonding a
filmw thsthe sthirveure acoepipdlehior! opft Petdhtepehenfor BREERYDESGRIEPTI ON OF
THE DRAW NGS The many advant ages and features of the present invention 10
wi || becoRer'pparenticed GReS oF2BFHRary’ SRIT FIPRRE & eSfrom t he fol | owi ng
detail ed description of several preferred enbodinents of the invention with
reference to the attached dravi FXMTEr B Y RE Y f erence . numerals refer

to like el enents thrgughout, and, Ln, Wi Gl BLG, Iod 3.8, 08T 9pSELLve Y ew of
an illum nation device acflapte | i accor dance W th an enbodl rent of the

| nveRt i on 3aH %gl%;gjuag@, %%Fc%@.al@lctfw of W Of ; A% 0RLd Galn fd LmddeorRRpating a

programmed pattérn of optical structures in accordance with one enbodi nent

of the | n}é?&ﬁﬂaﬁ’\ﬂéd EhGerd b8 GiRELSRRELINGYI EWhOfo @ADL CRdt kbl Mag B
i ncorporating a programmed pattern of optical structures in accordance with

anot her egbadijgenic ebrddiRvi Dy @BLL&N, 6 GonduriSoBniREES PRC thy &uebewef an
optical filmincorporating a programmed pattern of optical structures in
accor dancenai dpht i agamotehefierenbod imagnte akrdhedi tiventédnge ~febkGths is a
perspective view of a |ightguide wedge incorporating a programmed pattern
of opticabestaometer @ i déewrgaice wredetanomler awbdesivead whnehe

| nv?rgti on; WO 112/ 11~8~8 PCT/LISU 1/2129-1 -4

In a first aspect of the invention, an optically
transmissive film having a first surface and a second surface and a
first edge and a second edge is formed with a plurality of optical
structures formed in the first surface. The plurality of optical
structures are arranged on the first surface in a predetermined pattern,
20 and each optical structure has at least one characteristic selected from
the group consisting of an amplitude, a period and an aspect ratio.
Each characteristic has a first value for a first predetermined location
on the film between the first edge and the second edge and the
characteristic has a second wvalue, different from the first value, for a
25 second predetermined location on the f£ilm, different than the first
predetermined location on the film, between the first edge and the

second edge.



FIG 6 is a perspective view of a |ightgui de wedge incorporating an

i n-phase programmed pattern of optical structures in accordance with

anot her ambodi#ssht of the invention; FIG 7 is a cross-seddTgiivi2EHt aken
along line 7-7 of FIG 5 6; FIG 8 is asgperspective view of a |ightguide
wedge incorporating an out-of-phase programred pattern of optical
structures in accordance with another enbodi nent of the invention; FIG 9

| _perspective Viewgf g ipeakolens shi YELUIS.10 JacanRorald 0g a

programed pattern of optical Structures in accordance w anot her

enbodi rrentacgc;réalﬂge ivﬂ\éﬁnéﬂeomﬁlvéiltgon :I:Lg bértaozgcah%m}! Q)pp:l_c,acﬁ. gi&r\/gnt, such
representat|on of a circular lens structure |nc0rp0rat|ng a progranned

pattern ohsOfli Cakmpak! UChUERS 1A AGRGE ANEEa t BhaROLher 8ModinRA.q0f the
invention; 15 FIG 11 is a schematic perspective view representation of the

circul ar benshesthrikd Wi @nssliovtrdubh Hrifecdidn i1&ind2 dastihgiebspRebive Vi ew of
an optical filmincorporating a progranmed pattern of optical structures in
accobdanceoWiiy, asr alytismdate prefervied erbodiwente ab thwe thiaenptom) 2 0
FIG 13 is a perspective view of an optical filmincorporating a programred
pattern okflgmntcal structures in accordance with an alternate preferred
enbodi nent of the invention FIG 14 is a perspective view of an opti cal
filmincorporating a programmed pattern of optical structures in accordance
2 5wth an alternate preferred enbodi nent of the invention; FIG 15 is a
perspective view of a |ightfiFdB=IR/EBTIIO & iTHE R FFER programmed pattern

of optical structure}slinatovp surface.and a WO 112/U. tfi;H
The many advantages and features of the present invention

10 will become apparent to one of ordinary skill in the art from the
following detailed description of several preferred embodiments of the
invention with reference to the attached drawings wherein like reference
numerals refer to like elements throughout and in which:

FIG. 1 ig a perspective view of an illumination device

15 adapted in accordance with an embodiment of the invention;

FIG. 2 is a perspective view of an optical film
incorporating a programmed pattern of optical structures in accordance
with one embodiment of the invention;

FIG. 3 is a perspective view of an optical f£ilm

20 incorporating a programmed pattern of optical structures in accordance
with another embodiment of the invention;

FIG. 4 is a perspective view of an optical film
incorporating a programmed pattern of optical structures in accordance
with another embodiment of the invention;

25 FIG. 5 is a perspective view of a lightguide wedge
incorporating a programmed pattern of optical structures in accordance

with another embodiment of the invention;



-5 PCT/11SIY 1/2129-1 second programed pattern of optical structures in a
bottom surface in accordance with a preferred enbodi nent of the invention;
FIG 16 iwoa2s#sie view illustration of the |ightguide shoTW¥SOERGH15; 5
FIG 17 is an expl oded perspective view,of a backlight in accordance with a
preferred enbodi nent of the invention; Iél G 18 is an expl oded perspective
vi ew of a backlight in accordance vm'th a preferred enbodi ment of the

invention; FIG 19 i Lot illustratin ut. distribution fox 10
the backlight illust ﬁgt epls n” BA°GP Tflv‘?il‘%ew Pla’%%% S FF E=t rating |ight

out put di n for th ackl| | I [ at N PlLG 18 FlG, 21 is a
si de vi ewsllgl +%%§: atoon ot Eh icKIT ?Anpgg‘%:egrndgﬁco s ?lh 1(ladtblr'ﬁ'lesorlnart 15

"FIG 22158806 \ul%rr dddeyst reénaob&ﬂnegﬁ & Pﬁ@kﬂnkr&mlolnn accor dance vi th a
preferred enpbodi nent of the invention; FIGS 23-28 are side view

~illustrations of varhgus; ganf I&ugﬁéeeaﬁnobleaekkérgQtleng N1 86 CRKUGNGEeW t h
the preferred enbodi nents of the invention. 20 WO 112/ 08: 58

PCT/ GSO / 212~-1 -6 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The

present invention is described in terns of several preferred enbodi nents,

and particularly, imwiterarssod @hsppticalvikv|dn erlightyaideguedle suitabl e for

use in a backlighting systemtypically used in 5 flat panel display

devi ces, sSuoctrrasatingapt opitcohplieer rdrsyplmayd aratgaedesit og-ifckatsgpanelredi spl ay.

The invention, however, is not so limted in application and one of

ordi nary $kidcordandeevirt aRptierapprodéneitect Hfélte frvemggomppl i cation to

virtual ly any optical system for exanple, rojection screen devices and

flat panel televisidag: A &5\R3IPRE1Y0 “flﬁf*"t‘l’rferél gbrtﬂaécr%ﬂseét‘fwr% he

mvgL tion has ag lication to small LCD di s devi ces such as those found
|1 ul dPeRmr g"rfd’ﬁ’e§ PISEF eI Pfitgre At 8 aPt e EPAS ) PEGETE ®and t he

like. ThereLoreb I’gehre enbdomelqgntfs descrl t%ed here| n shoul d not be taken as

limting SFCY FFad"™s scope of°"t he” irfAVEnt T oh.

FIG. 10 is a schematic plan view representation of a
circular lens structure incorporating a programmed pattern of optical
structures in accordance with another embodiment of the invention;

15 FIG. 11 is a schematic perspective view representation of
the circular lens structure shown in FIG. 10;

FIG. 12 is a perspective view of an optical f£ilm
incorporating a programmed pattern of optical structures in accordance
with an alternate preferred embodiment of the invention;

20 FIG. 13 is a perspective view of an optical film
incorporating a programmed pattern of optical structures in accordance
with an alternate preferred embodiment of the invention;

FIG. 14 is a perspective view of an optical film
incorporating a programmed pattern of optical structures in accordance

25 with an alternate preferred embodiment of the invention;

FIG. 15 is a perspective view of a lightguide incorporating

a first programmed pattern of optical structures in a top surface and a



15 Referring to Fig. 1) an illum nation system 10 i ncludes a |ight source
12; a light source reflector la; a lightguide 16 with an output surface 18,
a back suwbaeweisz®, an i nput surface 21 and an end surface PRA/URIRESKect or
24 adj acent the back surface 20; a first_light redirecting elenent 2G a
second light redirecting elenment 28; and a 2 0 reflective polarizer 30. The
| i ght gui de 16 may be a medge a nodification thereof or a slab. As is well
known t he Rose of th akghtgukde (S totgb&wlde for]&mg dlstﬁlbutlon of

li ght frong%?l ?l?ﬁ%ﬁmsou T2 ever ARt area mich” I'ar gt

source 12 rti tial e entire area forned
by the ou?%%?. HR%S? gé%p%gkéfje Tﬁgﬁﬁgﬂﬁd%?f%¥fﬁ¥%htLﬂbreferably

~acconplishes these ptaskg ip aasg@gm@g&ulwétﬂaeM%&etheTh@gﬂe’ggb&e sodiee 12
may be a CCFL that inputs light to the ff O 112/11 CT/ US111/2129- ~
edge surfage12l of, the lightguide 1G and the |anp reflector 14 may be a
"reflective filmthat wraps around the light source 12 formng a | anp
cavi by. The back refkectior i24n sxjiecat ed:behitade t-hewl smyhat gabxdegitb iadj acent
to the back surface 20. The back reflector 24 may be an 5 efficient back
refl ect or acevrgancea wdthfaipeef@fredcdnibeéidenknedrtha speotlar: reflective film
In the enbodi nent shown, the edge-coupled |ight propagates fromthe input
surface 21 toward t RéGerid éﬂﬁﬁaé@ﬂ@ﬁ?dG@Hﬁ@ﬁéﬂbeﬁ@UU31aihﬂ@ﬂh@ﬁlﬂ@flection
(TIR). The I|% is extracted fromthe lig %ylde 10 16 by frustration of
the TTR A2EeRFJanf iviéd %PFHF?FIFHee"IbP@H’Ee@ﬁl‘EPCe b6 {Herei®es its angle of
i nci dence relatlve to the plane_of the top and bottomwalls, due to the

wedge angle, with edth fPRlﬁdhﬁ&@:1+ﬁﬁ§Ja HE’FﬁaﬁtOéﬁﬁﬁtabﬁw?b?%¥¥%ﬁ?% out
t | le th t b t
Ioné@e Ou%ﬁ%&ﬁggﬁﬁég E%_l$1% L ancing angl e thereto, because it is no

r co he 15Lllght rays are extracted out of the

back surface 20. Th§§§albgbéeﬁg%$bﬁa§fk§ g}@??gﬁgg glgﬂgb&ggﬁyggrthe

|'i ghtguide 16 by th ck ref |rect|ng el'enent 26

i's arrang@gaqécﬁlEﬂgniﬂgﬁﬁkéggﬁgnngglrqgt t hese Ilght rays exiting the
out put surface 18 along a direction substantially parallel to a preferred

view ng 20 directiopzeWihh;gef gi@nceestinhhsdQeEbGoE andqw 1dnebii ef
reference also to FIG 2, the first light redirecting elenent 26 may be a

| i ght trapssEgshae waphiaal pfiddmwni;th a first surface 32 and a second
-surface 34. The first surface 32, in a turning filmapplication, is
arranged as 25 an i Bpet Ut aceidndies iflovsmdtwet lpfpa iswklidght Wwhich refract
and reflect the light exiting the lightguide Z6 along the preferred

vi ewi ng dieewtdprore wihe %e@eﬁaﬂ§ér$ﬁ@éﬂ8wti®fﬁheréﬂﬁpéﬂﬁn out put surface.

The  ViO (12/1i.4858 PCTIUSIII/2129~ isnms may have a substantially
unlforn1conf|gurat|55§5093n§§aﬁ§¢§d§'ﬁﬁW hﬁVFGFﬁY%EﬁPFbHFEFFﬁn as descri bed
in conmonly assigned US patent a pllcatl " OPTI CAL FI N1VVTH VARI ABLE
ANGLE PRI SVE9UEE5F Rp. aﬁ]é]/l@fé 8733°99 %%’aceoé’t%*betrheaijl §56°% t he discl osure

of which. is hereby 5 gxpressly incorporated herein by -reference.

embodime 1nvent¥L on.

20



Referring back to FIG 1, the second light redirecting el enent 28 may not
be required in every configuration of the illum nation system 10. Wen
i ncl uded W@ ®2Wd88ystem 1.0, the second |ight redirecting etEwBsitl2A be a
diffuser, a lenticular spreader or a 1Qgrismfilm for exanple a
bri ght ness enhancing filmsuch as the 3M Bri ght ness Enhancenment film
product (sold as BEFII or BEFIII) available from M nnesota M ning and
Manuf act uri ng Conpa n ) flective polarizes 30 may
be an i norganic, po%ﬁ%rﬁﬁg grﬂggﬁ%ﬁé}gtgﬁf%glpﬁ-ﬁ@&?%{%r %g?oglmﬁ%’i%ari zes film A
suitable filmis th 5 it : f.lgctd L agi ze ' prQduct (sold as
DRPF) or the Specul grh% e%sg%m%‘?@gﬁ%{) Ogr%éz\ggsgﬁb%ap%ogﬁﬁé ?éfo?%%g%{ DBEF) ,
both of V"Ek&ﬂar@"@@ %ﬁh@@@,fmﬁgﬁ;\ﬂmmﬁ? M nicag,and Mapufachueing o,
Conpany. Furthermore, at |east the second [ight redirecting el enent 28 and
_the refl eat i vatpol & isz2@6a1:3Q, raNdsPAeRtRkh YoHth8y fdyesbn ldhghdaingdidLCt hng
element 26, 2 0 may be conbined into a single optical elenent. The commonly
assi gned WtaPakeat Appligakioresentidn gd 2" 1RbSBL Admdut kM NATLON-DEVI CE AND
METHOD OF ENHANCI NG BRI GHTNESS I N A DI SPLAY | LLUM NATI ON DEVI CE, " Seri al
No. 09/ 415¢6¥0p fldtedael obepld, 19@Ointdreidh Stheswre of nwhiwhlisitear eby
expressly incorporated herein by reference, describes several such 2 S
conbi ned aéptirrdicaticncend eve dfeprdinairghtkddl der tbedrtovildaskiieghttinghasuch
as the lightguide 16, it is common for there to be non-uniformties in the
tt' O 1i 2/ Hi-1R pRPLigapEqy (US| THEpalg~apy gREienit pusts T ofet KEaMHlght ¥fui de These
non-uniformties can frequently be concentrated near the input surface 21.
To mask nBRAIRFHOT MTPES WhTTh et &1geRarat | LebHsionar edtavddf BRt, a

di ff.user that covers the ut surface of the |ightguide is typically
ised b ar o e e EPPe e (oo SlcE™S REPEUST aFT B TEHnELs of "t he
display a ot. e tely all .of t ef e . . As descrihed above,
M e i TRae g, Do ISR, S ofRe e o8] o FE R LS, SRR 06 o

arranged g, A qh UL NG-fid Mepad)d %&)érgavaﬁqdatﬁé hYeL ur e,as ghownin FI G 2.
Referring once again to FIG 2, the 10 filmcontains a pattern 42 of optical

struct ur egmdlhicpht SRR BR1ANIHRNGE ot Or N RYRAR O i@ np @S ERV/ar yi ng
anplitude. For a turning filmapplication, the pattern 42 is fornmed on a
surface tbatad scbhe dri g intgitiosur face of the film However, in other
‘applications several of which wll be described herein, the pattern 42 may
be fléormed on a top Refandhgortdhetd om,sam fidteniofhtdomeggesn sbalmconddd km For
the turning filmapplication illustrated in FIG 1, in addition to the
prisnms fokhgtt 6ALEYfe LRI rxstlighy Paeece32eBiectpre i r stlibhghtide e mweth iang
el ement 26, the second surface 34 may be formed with optical structures.
Cont i nui nGYH4h SERE i $TussPytk P IGGANELt FRNTRIE FIEfers 21 o1 fRe r st
light redirecting el enent 26 hasﬁf first ed]g]e 36 and a second edge.  38. The
optical SEPTEATT 8% B0 ERISGHE" oM FRENY ISt "lge ™ 56F oilr 8 THE SEEBRd edge
38 in the ttern 42 Each tical structure. 40 may have unber of
char act erlrg‘?}rc?sc?l%%c?ﬁerﬁ%nctarzrglp RE (f,n%pglrgf%%dr%dnl eczjatslp C I?ler]mz(aa‘ ?o&df mt“iilé—’1 peaks 44
and pyal | eﬁffé@tﬂ@%o@guzeerrns&Z BRY 1855QHAY € 2Ra s hAr aclagkstd cs, such as
for exanple, a pitch, p, between optical structures 40. The structures 40
in FIG 2.386:showh Ravidg aaml Lidde ¥arisabd QNinddh, apRl baatd@nepfenkhe first
| ight redirecting structure 26,

lightguide is to provide for the distribution of light from the light

source 12 over an area much larger than the light source 12, and more
particularly, substantially over the entire area formed by the output

25 surface 18. The lightguide 16 further preferably accomplishes these
tasks in a compact, thin package.

The light source 12 may be a CCFL that inputs light to the



WO 112/08s8 PCT/US01/ 2129~ -10 the grooves may be arranged such that
variation in their anplitude is perpendicular to the |ightsource |2 (FIG
1), Wth woneivsied reference to FIG 2, it is observed t hatCRMUSHI22% he
pattern 42, the optical structures 40 are formed with a 5 | arger anmount of
anplitude variation at the first edge 36, and this anplitude variation
decreases in nmagnitude toward the second edge 38. The | arger anount of
anplitude variation int opt.i cal .structur 40. produces nore opti cal
power al oﬁég? (867 Gové %g;i%ge ei %Q uel%SfHIC’hgnﬁistg e]rij“?ui‘?éc?étgﬁ dpeB?Y Phe?
optical power.Qf Lh.s.P ern then cl,ea as a 10 ction_of the

di st ance ?ronﬁct b Elﬁgt%ggéraf%.g uﬁ? 1?arer 3% SmBAt. of 1% hé’lgbrﬁ ga{amsptructures

140 and the,patt erf, A2,k RUEAASET M 1 AR ALeGen oD LRI fOL DY Lies, in the
out put of fi ght gui de TG may be concelntrat ed gjegr tﬁggiln%tﬁgé%ud?f]é%e 21 while

_there may  Be.de@sScd @Rz U AOEMthYe Y.t hefe bEOM LR dcaPU, suyfiRCcE,31. Thus,
the optical structures 40 and the pattern 15 42 are arranged to provide

mor e 5di f f ysifieneaackheefliebsdr edge. ,36. dimuapplercaddion, rilheod iar spefdge 36

wi |l be disposed substantially adjacent the input surface 21 of the

| i ght gui deef¥ectThe Pawntern 42 has a pitch, p) which may be uniform or

vari able, and the anplitude of the optical structures 40 may decrease to
naught toward the sdoovrt: edgelildéut Fhpsn 2 the palgberauplas MMiht dyepalisgerssed in
nore detail below, may be produced with any tool shape. It should be

appr eci at &don e imivigsyrdpce ridcFeigpranthoehersughaty ks qoafhmidbestotial | s
possible to determ ne particular arrangenents for the optical structures 4o
and the paRtErAlaeilRgtiPedtior rEt® 199 parvitéatiad Sp8efFhediohtguide
non-lﬂniforrriti s in the o%tﬁgt of the lightguide 16. That_|s, one or nore
of tHe chaf 48t &FPETRESODHP HE Spti cAl *3t FORTIFES 4G andet hEPat & 42 nay
be tailored to _corr ectréiglepagt.i cular ng .)/_/\éDt()l /egia]ilasz?e IggTé%JSQl/aZ 29~ -11

. ., lricreases its. incidence relat .
unlfornlty. ﬁé aeSCYI apove, I n connecflon W I rst | iﬂ e |rect|ng

el ement 26 {he,.optd cabe SLrUG! UEES: %ng@dwm@etag% L8k N dacRr owhded (gpti cal

power to the output ‘of the [ightguide 16 near i nput surface 21 1 n order

to mask nesHNklofilalh §S-ehade sMBY: QECLe BEASut BEr Rk ML W 3C8 Aling LESS
or no optical power is provided away fromthe input surface 21 as fewer or

| ess i Nt eRss1 @R, Opdbalib€Sitak € doy Pbsakl Yorthsesa ed F1rom édie b glsiede 16
farther fromthe input surface 21. In this manner, optical power is
prouibded whegtte rapstaraeededctal raskroEhs ahtRnsurdacdunnf ormete asghtdalye | ess
optical power is provided where 10 there may be |l ess non-uniformty to
mask. Mor eowerfleptadchickponey apfythrough the lightguide 16 by the back

reflector 24. PFirst light redirecting element 26 is arranged as a
turning £ilm to redirect these light rays exiting the output surface 18
along a direction substantially parallel to a preferred viewing

20 direction.

With reference still to FIG. 1 and with brief reference also
to FIG. 2, the first light redirecting element 26 may be a light
transmissive optical film with a first surface 32 and a second surface
34. The first surface 32, in a turning film application, is arranged as

25 an input surface and is formed with prisms 44, which refract and reflect
the light exiting the lightguide 16 along the preferred viewing

direction. The second surface 34 is therefore an output surface. The



be added virtually anywhere to the output of the Iightguide by adding
optical structures and/or varying the characteristics of the optical

st ruct ur 880 0FU#8her nore, the addition of optical power ned@dTHHWIBEYNI f or m
| nstead, optical power nmay be added, asgnecessary, to discrete |5 regions
of the lightguide output if necessary to help nmask a defect or create a
particular optical effect. Some |ightguides i ncI ude a pattern of diffuse

qots_ on a F urface of %hteapl I%Jt]l UI dOrm |nC| dent to a(l)nE1 of the dot s
is dlffusgysca?t’ereaéb heTdiTTuse 5%p FEi o of*% R E° rfef | ect ed
20 l'ight is,6a4386, ¢ gnezgutattt% LL gtttfgcgtgeqtem | il 136395&19%23 &'F Hsg nature

of this nethod of extracting light fromthe |ightgui e pattern of dots

may i tsel fpbe bk shpheodmchh G rhi GhtgULAa K Biber TRYSys 10 i de; tfie dot
pattern, d| tional diffusion is typically provided. with reference to FI G

3, afil rrb5;a41tsa97:a guréaeecdzWhj clvedd dre AQdTBELOok Nglivgde Anklagal ity of
'optl cal structures 54 disposed in a pattern 56. The optical structures 54
are arrangefressenincal-porated nepkaceyt heredehddise dot pattern for providing
extraction of light from WD 02/ (Lt8s8 PCT/US0112129~ -12 the |ightgui de.
~, I hile sho~min Fl Gf&rasgeldcikpseFIct e Ot iseadndstigiot ue@drdbdimg e not
collectively limted to any particul ar shape nor are they limted to any
one parti eb¢eamtsheywidthina teweipat tier ere88. corfiégefsier ofhehopt i cal
structures 54 nmay be prisns, lines, dots, 5 squares, ellipses, circles,

di anonds &rlyEReE M FYaiy é%ap@hﬁt ioGhEialt GHS %fSt%aJ;ﬁ’esttheé@%r t he
optical structures 54 nmay_be nmade very snmall in size and may be spaced very

cl osely t Og@thérwisching Fﬁ‘émif‘&t paf ﬁ’e% Ui mof €861 T Han ?%aaﬁt Sr-fithin
f dot t d. . F th t |

o 0t o e Bl o e Mol 3L AT R aceaéwtlg}%ff&i PR hache R o

diffuse dais, tttgts P %Qﬁvne% | g, SmaLLer Lhag bhe, aguiiy of, the, buman

eye, and e Space m-of each ot Al'sS VEry snal |
si ze and %L%%ﬁﬂ@a@t@%ﬁ %ha%doﬁéﬂt&%lctéxtﬁlﬁcédd&%%y 54 eld . nal 8808 . educes
the need for diffusion in the output of the Iightguide that is ordinarily
necessaryrid d@1bidect hiapatdenn wfy diffuseodatse, Bef@eiiagto FIG 4, an
optical filmb51 has a surface 53 which is forned wth a plurality of
optical sthemdstiees: 30qelidcSpogadli phlarpadd €Llm 572 duichhies renbadi amnt of the
invention, the optical structures 55 are fornmed as circles or dots. FIG 5
i 11 Ustrat esfaski tigutde wellgez@r (Fi38 preduft dsbhtksstRHFACer Ghet fiatcul gr
formed ~~ith optical structures 63 disposed in a pattern 65. The optical
st ruct ur eBedaithvarfelatiagst Famedraiicei (ol 8sasoPBROL shoueli vhigh| drdpe

appreci ated that the optical structures nmay take on virtuall

conf i gur aPF¥H-aFReEHORVERPPERF YIS a%f?td“aﬁ’ﬁ%\ﬂtﬂ’é‘s?gf BPTHARE - ct%‘ﬁ@]il?‘?ﬁ“’éf t he

25 sl ope of thellght uide. at a m.cro-- That the Ioeof t he
T ght gui A8t M ebet Togar Ty T HFeasE eSF”tifeSfeé'é?é‘Edzebﬁn%ht Pechivof opti cal

t t t th I I t hi .t h
?1r2;nlzlur12§ rfﬁe%(#)]/ (L:J%%ci f?eag%ét@ Z\Pposhlgt% {/r%tés K %X rédféi%lﬁbgh%m& r%ffdt ed from

t heyhi ght g dg Eaétl%td hap ifoibbdidciha Q?éﬂeﬂ@| %Qg&maagiye as¥idQ 89 far
di scussed 1h terns of optical filnms, the invention has application to the
|'i ght gui deawefga,ptisetfon Bﬂtf.ﬁjlléH”gD&QPLAY TLIUMINATION DEVICE AND METHOD OF
ENHANCING BRIGHTNESS IN A DISPLAY ILLUMINATION DEVICE,” Serial No.
09/415,100, filed October 8, 1999, the disclogure of which is hereby
expressly incorporated herein by reference, describes several such
25 combined optical structures.

With lightguides used for backlighting, such as the

lightguide 16, it is common for there to be non-uniformities in the



5 FIGS. 6 and 7, a lightguide 60 has an input surface 62, an output surface
64 and a back surface 66. The input surface 62 is arranged to be di sposed
adj acent WOlR¢Ht5S8sour ce (not depicted) to provide a sour ceP@HUNIGHI4
incident to the input surface 62. The light incident to the input surface
62 is extracted out of the output surface 64 as a result 10 of frustrated
TTR within the lightguide 60. As discussed above, it is cormmon for there to

be non-ur ji.formties.in the Jight outpuf fromthe |ightguide 60

parti cul a#ﬁ%gtnéjélkpﬁéfr?nﬁﬁﬁ islﬁg‘ft LéleaeGZ%kEf&mfl'f‘ﬂgtfsf T J?eésc?rhéfré%‘b‘?r‘ttilﬁn of
opti cal S 6 he. I'i ght gui de 60 apd the

) st et T B b e 308D el B o e it CBOTTAER. As

shown in BhGy Gretd@ieback sufdace.£6 hs:dQr nediwtih.i pzphase. aptical
structures 68 arranged to enhance extraction near the 1 nput surface 62 and
_to taper tQipaughtsrawayr fhom igheqi NRUL s SYLE 808 62:cdTheypAtLEr B GaFrakso be
non-tapering, i.e., constant, over the entire surface, increasing from
naught , rasfasrty 20iicargiengyen 1dbsightiteds i vhedi Spned andeghiPise: It is al so
possi ble for the optical structures to be out-of-phase, such as optical
struct ur esdé@iatkdy medkigllaobadtle sufdcace 66' of the |ightguide 60° shown in

FIG 8. It ~rill be appreciated that patterns of optical structures may
al so be formed in tRe dascpitedsabdace i84thei i Hemis®paratwltgmoro,i hhe diijranct i on
with 25 a pattern forned in the back surface 66 -- such enbodi ments of the

i nvent i ond 19kt FgtresEirbEd oM e2f uld privvioew 3hd bt e uiidm yendnmaoimeet | on
with FIGS 15 and 16. Returning to the present discussion, a WO 02/1118; 8
- 14 PCT/ USOIH2F39=e fir J¥8 bt pfovi di RY- THEDPPFe 928k rfecFif e i $% o
achhgve a{},gffect that mnimzes pon-uniformties of zﬁt}e I i;ght gui de out put
wherever tHe) SRV PECRTEST" éxafpl F tHe SFYHIENT 48 65 *SMO-MPh 3°Gs. 6
and 8 may _have nopn-unifornities that a Rear i maur' ly adj acent .1 he_.Lnput
surface 6375w i%:%'ﬂﬁ/\t’)ula(ﬁl gu”gé%s?hias&di%d/ opt |mc§):%1f“t sdter'uc’%ﬁjr 8- hate ﬁé\l} nor e
optical PQye(; Aain ! Bfe IARHLSULT ACGoOFea LY 7 Ll Rk | f ce to
FIG 7, thigg{)lpti cari Str Egt urres_ 68 ma;? bed for rregr%?lcr aklg%r ?%c‘ge}%é{%% an
optical f 'ilq]?&ggurgan,% optineatsfd. | MARvERY ihhehbes5aublednkosdReanedge

structure of the lightguide 60 10 using ultraviolet (UV) curing, pressure
sensi ti ve waicramylDihedesiiibabheradheshy at A drennatadyVed rorhbe cnagdgp may be
'mol ded in bulk to include the optical structures 68 in the back surface 66.
As Wbl |  benttse bgener ahtipcappt ecvadeed $Y=0nvt h@lhor €goi i@ turning film
application illustrated in FIG. 1, in addition to the prisms formed on
the first surface 32 of the first light redirecting element 26, the
second surface 34 may be formed with optical structures.
Continuing with the discussion in connection with FIG. 2,
20 the first light redirecting element 26 has a first edge 36 and a second
edge 38. The optical structures 40 extend from the first edge 36 toward
the second edge 38 in the pattern 42. Each optical structure 40 may
have a number of characteristics, such as amplitude, period and aspect
ratio of the peaks 44 and valleys 46. The pattern 42 wmay alsoc have
25 characteristics, such as for example, a pitch, p, between optical

structures 40. The structures 40 in FIG. 2 are shown having amplitude

variation. In application of the first light redirecting structure 26,



di scussion, virtually any configuration of optical structures nmay be 15
formed into an optical film and the optical filmcoupled, for exanple by
bondi ng, WO ta/ok§5§ht gui de or ot her bul k optical el enment. FOICREIMBIV} gl are
reduction, anti-wetout, Fresnels, and vi{gtually any other structure that
may be formed in a surface of an optical filmmay be easily replicated into
the filmand then the filmcoupled to another 20 optical elenent. Filns

| ncor por ath,00,,RLOOI TRY. aRkLEAl: SILUELUY 65 MY e RAUfActuyad using a

m croreplication process. I'n sUch™a nanuf act uri Nng pr oCess, Tast er is

nmade, for examplie, ggtgﬂgngiéﬁgoggget €5 N grpt qL%a metal roll, and the master
il [

is used to produce y extrusion, cast 25 and-cure, enbossing and
"other suitable procggsgonfli@ianatisiehye thherd.i bimsmay he ppoutact ured by
conpression or injection nolding, casting or roil formng. A preferred
appar at us vaggidimehbodttefn Mberefeepht Gal i &fruceffe® 44 24-31: 4828 REH/ Sl | 1/ 21 29~
"-15 is described in the commonly assigned US patent application entitled "
Opti Gal Filkrydl thobef et tanBedticiengaSuti acatatte Ketdodagd Mbkamy chagre, seri al
no. 09/246,970 filed February 9, 1999, (Attorney Docket No. 54176USA9A),

t he di scl espiiudé wriehidns dhereelsys edpnegsitydd rovapdItht etk conerdge n3day
reference. As an exanple of the above-described feature of the invention,
and ~~i t h Theflargae @nopniF|of, aplizufi¢ yearatipasitekh¢ epsiorl rierhiuges s a
substantially planar first surface 82 and a second surface 84. The second
surface 8FTPIudesr RHE RPEIFA afryest RIRVEUFRSS IBEP AN B KU PeFIHRS0SEd R0 et he

| ens structures 86 are additional optical structures 88. The optical

st ruct ur eS BB Kait ReTar acter? StPELCHCH B AmBFF T TuER D EPFEF=amf dspect
rati,g, which vary froma first ed 90_0of .the |lens .10 _a second edge 92
of 1R oS an PR ke Sy TRl a R TR, OF S AT B & o,
the |l ens u [ I dj opt.i tr B e fornmed
on a fil mscgl_é ﬁtg?%lé?%?ﬁée@ﬁ& %nﬁ£ egn%(t}%g lg%ﬁt%%pq‘?i %gfp%ggﬁ%tfﬂ]gf e%g?gﬁle%bendi ng
on the applLhcali-9f.:tibe fi £8d SHpiace BRniBYide: A 3Nged aseARal MpPUkar
surface and the second surface 84 as an output surface, and vice-versa.

FIGS. 10 amd dhbutldusteate sehemahiahdy va CddsCHb@lunk 8A%i18) £Qchddterom
includes a first surface 83 and a second surface 85. The second surface 85

i s fornmedthe imatuderhkenist ruakuras 8gtichdrswxanilee, 4Cignhautias pktwsnel | ens
structures, and superinposed over the lens structures B7 are additional

opt iléal sHrustures2B@d Ttheroptdecabres i iitsirese89 timyEichardst 6Fi stincs) such
as anplitude, period, and 25 aspect ratio, which nmay vary, for exanple,
from an oapelieiteuntbe eiicet gfdoehes [vehs Blditrophe wbatartiolly Béisems 81.
Referring now to FIG_ 12, shown graphically is a film 100 VO Ill2/ O-R58
-16 PCT/ USBe 1y Wi aont3di it deal T §TisG g‘frpl FEadethatt éPnba02 BftHpti cal

structures 10S fornmed using a " V' s ed cutting tool. The pattern 102 nay
be fornmed pOn‘”kélCE‘orbayag’al%ﬂrlggléT t°5mV§’Ulran g%’e anCI "_thl’?ea'%flil%u‘i%(?.f E]il{é)ﬁfjsceﬁl t he

Egzt ern 102, 1Y, 08 JORIFHL A MEI96,00: $h8R:a ThE Jdbm 190 nas aplirst edge

20 pattern, as will be discussed in more detail below, may be produced with
any tool shape.

It should be appreciated that using ray tracing and other
analysis techniques, it is possible to determine particular arrangements
for the optical structures 40 and the pattern 42 that best correct

25 particular obsexved non-uniformities in the output of the lightguide 16.
That is, one ox more of the characteristics of the optical structures 40

and the pattern 42 may be tailored to correct a particular non-



5 and a second edge 106. The optical structures 108 extend fromthe first
edge 104 toward the second edge 106 arranged in the pattern |102. Each
optical sSvowemss® Z08 may have a nunber of characteristi cPCTsURN2E84
anplitude, period and aspect ratio. The pattern 102 may al so have
characteristics, such as for exanple, a pitch, p, defining a spacing 10
bet ween optical structures 108. The optical structures |OBin FIG 12 are
sho-m havige AapL t ude YALLBh100n0) APRLLGANLOR iy e 11,200, the
grooves may be arranged suc That tHe variation in arrﬁ]lltudL i's

per pendi c%ﬂreceﬂnga:epgglnezr%r -l 30 angke Lo, &gt souLg6.1af pg&gnk if%ht gui de

i ncorporating the 0. 15 Pith continued reference to it is

" observed t,hafidshtHidchhe Rt Bnd QReplinSr Oftd €alniSll Sl £5.,108: ang.f or ned
with larger anplitude at the first edge 104 and decrease in anplitude
_toward t hgusecensh adgerddd6 co Thek! argehi @apl i faddendy QiR uATIAx Opfd cal
power along the groove axis because of the higher surface slopes. The

opti Gal 2iBppowerfaef thi s rpatter o dohefkldperaase pasided dnef ifebm afhet he

di stance fromthe first edge 104. This arrangenent of the optical

st ruct ur egnfutQ8uairdet be grateernot O2sksigpenposehtinif=gittiksrefeeramicelly
FIGS. 13 and 14, filnms 1Z0 and 112, are shown respectively. Each film 110
and 112 habsetvadattoey Fig ildghtduidefiq frXhsr 1HOM Bl inpRie spefateeAte Aoneral s
are used to describe life elenents therebetween. As opposed to the pattern
creat ed bybisimagner " oREISRapYETt 6BIPTOYHE FIFRC1MeSt PRESCd180 MigE @& pattern
114 of optical structure 116 WO 02/()8;8 -17 PCT/ US01/ 2129~ that is
formed usiPREFSE POBTHEAHGIES cHPVEe JFSARRELGTH PETFate RFOVTRe! FPPTR 112, FIG
14, has apattern L18 of optical structures 120 that is forfred using a flat
nosé 't ool P "PAtTeFRE P4 YR TE Yare "AFFanget  4s faedir T hed Yo pPévi de
optical poy~er..in_ . f [ rfac h fi . 112, It
will be ag’ﬁrae{ﬁegtn"elggtg%?ty oRyiheap, 5‘95%3 %3819‘! €t5n?’?%&rl %@ﬁ&%&?& E‘gdlu ed with

the partigylal.t 00k, ReLLY 58} SCLEE, g BRhLevR RedasiitedramRuRLand for m of
optical power in the surface or surfaces of the film In the [ightguide 121
i |lustrat @dridtuFesSS. ribri@Rfodd, tBe HAdL t1ont opabt &4 $3Rer0heoPioEabe
structures 124 is forned in a bottom surface 126 and a second pattern 128
of opticahnstdmct umesedB0 cbsida0r pBekri aya bt oPpicedf faceedsSZanf, tthediwadges 134.
For purposes of illustration only, the optical structures 124 are shown in
FI G1515 t gegiingndt aibkyljpdrttiiadd puamitoss nehesdaait ombslpy freck d268fea@ndrt he
optical structures 130 15 are shown in FTG 15 to extend only partially
across t hereds swpdrdéeviB2 orticagi ¢ffee. appreci ated that the opti cal
structures 124 and the optical structures 130 will in nost cases extend
across the entirety 58P tHEbH6M CGLFHcE BPEFARCT HEFTWS SUrsf gee Pagk

respectively. The first, pattern 122 may b rranged to facilitate the
extract i oﬁ‘%‘faclei %%tthFr%?ﬁ%fgbli{ene é/leq&éeyzfég?ﬂt aRi 7€ t"%etr*seeg%%sd *Pattern 128
may be arrapged.to uni.formties. in | J . pui. fr t wedge.
It will béilg%ﬁre(la%iszf{t%g%’(r Qilg\?\%vtehre, Elﬁlatsgt og'p%r'{htegr %Qﬁﬁ%r%ng%%%égﬁ]ecg % wedge
134 Hyy~i | ] omsbhecdesiagel i ght QuRut £0.ha Achigved: /4,000 {he yedge
134.2\OI\/br e(%ggl??qgs descri bed gg%ve,gjt}lhe&%atterlhs 1?%2 and 128 may beaQZ 5
formed firgtediR ARtHoeabr fddpPBcdingt1ahe ddhefnLouphiedits, the pardas Skor
exanpl e, by bonding. In another construction, surfaces 122 and 128 are
formed i nabbe maedpsechy nwajvesihieninolndi ngheguicasbhtigt. ™WOs( 1 hildd8h8 PCT/ U
S01 /2129 -18 As is appreciated fromthe foregoing discussion, and in
accor danceowgaiteire prhéftgoned dibodiomeid sypfcadlhe pupréded.on, a | i ght gui de
may be formed with optical structures, e.g., " V' grooves, in either a
first surface, a seddRd =pfefere b BI6t 3. S4Hdmhe? hakea fyursecs G fdebor 5
*the second surface is an jnput surface relates to the orientation of the
sur flace wilthfeEepe PolHq pghirabtivcet “PRECHpFrEitUses iét Gt BeSfihyinha

uni formy or randon )fhspacted, argd ma ha5\4e various other ch rlac%eri stics.
" Thus, thePPRVEM Pon has FPpFitationte® I ghtGariee nd™PAEI e ght systens
for a variety of l. 1 I Qns. examl e of. an application.is a
backl i ght rsek}ié/‘—’fcéemtl?%%tl!fg%ter gg?sp aﬁggﬁ )]EB{;%tr ‘élcilrn Hs?%tgrtaicg%no% %t%%gr’ frﬁf“ er nal
reflection where the lightguide is formed with optical structures in either
a back surface and/or an output surface thereof. Still another exanple is a
backl i ght systemthat has a |lightguide that uses a pattern of dots to
extract light ad includes optical structures



1 5 forned in either or both of its back and output surfaces. These and
ot her exanples are described in nore detail below Referring to FIG 17, a
backl i ghtwa4goisssi| | ustrated and i ncludes a |ight source P42/Usdlj/ag8ht an
i nput edge 143 of a wedge |ightguide 144._ A back reflect or 146 is disposed
adj acent a back 2 0 surface 154 of the lightguide 144, and a turning film
14B i s di sposed adj acent an output surface 150 of the |ightguide 144. The
back surf or i i gal st I ptical

ace %gh né:bﬁgia rmsélgv's&lpm?% strdicty E%%SL% I@gﬁ

structures e grooves forned in the bac surface and are shown

as such g ulcgnle]s654T§Fe ALPAE S SHMY, 1AnFl G tg7ar§fr]9af't1¥'ulag:r gpYuRSnand have

a prism?2 5 angl e of about 90 degrees, but prismangles ranging from 60

" degrees 120 QEQ{ 86%108Y tBeaMsede paRapas 0tdiehet NAMin Me PEQQY¥LSsdTRY al so be
used for optical structures 152. Furthernore, each optical structure ffoO

02/ 1 1- 1856 RPCELAIS( 1hé 2429zar L rtdnrbe Hionmp et prirave 1@anbej glatst hat vari es
“along its length froma nom nal value. This variation may have a

wavebengt fquanki chlelibysde cirdlke, rdagendsf cabeubrdlln anyl @88panoxrpr ef er abl y be

| ess than about 140 m Such structures are disclosed and described in the
corrrmnl y esgiigaeidns ohishedest atlesoPat errhe Appliceatdtonctemest 4eday Epradal
Film" Serial No. 09/025,183, filed February 18, 1998 (attorney docket no.
S3772USA6HLY ehel ldiisctissupred gRY Wi eRages H%lrkéwo%@@m ggt)ey r\*@é}f*:k}brtata ed
herein by reference. The optical structures |52 are shoum oriented

subst ant i a?qt;?lllos%eﬁ‘b‘"e*hdioéﬁlsé’r BB Rt datghitdéurr diire fet wrFreemay
appreci ated that the o Cptlcal structure I52 mai be oriented garallel to the

light souPE&EFAPTGr “BI°Sh &)l & PE-Geeh o e§r esstrm%eﬁe‘&arye ¢4 the 1ight
sougge 142, .Th turglﬁ LLL ojf4€ba]r£a¥i£f§ fQPyd %Q'%a% £ Pl martelfgrabblir ni ng

film For exX8npre ar nt ng orned as described in 15

the afore %9%@]199 tt%qnsszet Fégtggtthépfmnlaga& gngy@ed adptical Film

VTith Varia e Angle Prisns. surface 154 is fmed "to include the

optical siIwghubscl 8e.10bhi orfeé,-mht Stid} . SOfR saddit kemal <kighhahaikg
extracted fromthe |ightguide 144 through the output surface 150 as

conpar ed Esaddnd dhenkigttichhatriswest ractethihnom herdmeks smefaca 654, A
portion of the light exiting the back surface 154 will encounter the back
refl ectoraisfmsand iw bhe ketpef béctiedlbackutdy cugh itsherdinght gunee=sk4dy and t he
-out put surface 1.50. Referring nowto FIG 18, a backlight 140" is
ill UStrates hide the pattern of diffuse dots.
Referring to FIG. 4, an optical f£ilm 51 has a surface 53
which is formed with a plurality of optical structures 55 disposed in a
pattern 57. In this embodiment of the invention, the optical structures
55 are formed as circles or dots. FIG. 5 illustrates a lightguide wedge
20 59 with a back surface 61 that is formed with optical structures 63
disposed in a pattern 65. The optical structures again are illustrated
as circles or dots, but it will be appreciated that the optical
structures may take on virtually any configuration.
The invention permits and provides for the changing of the
25 slope of the lightguide at a micro-level. That is, the slope of the

lightguide wmay be locally increased or decreased by the addition of

optical structures at the micro-level. When a light ray hits a higher



25 that is simlar in construction to the backlight 140, and |li ke reference
nuneral s are used to designate |like elenents. Prinmed reference nunerals are
used to d¥OigHHE el enents that are altered fromthe backIREWESO1/22440
(12/0~8~8 PCT/ USi | 1/2129-t -20 construet3on shown in FIG 17, The backl i ght
140" includes a light source 142 adjacent an input edge 143 of a tvedge

| i ghtgui de 144'. A back reflector 146 is disposed adjacent a back surface
154" of tB@s:‘ldi@Qthlb‘E@? LA%i11 8R0e, bUELH BOoh ity ﬂfg%tﬂtgéidél £pa3ed.3dj ggent an
output 5 surface 150" of the lightguide 144'. The oufput surface 150 is
fornmed fakthmiepths domShduetayLsndR?' . The optical structures 152" may be
grooves forned in the output surface 150', and are shown as such in FIG
"17. The grooves shotniTe ish F:Giidfisae® ih Vergl 60uRsiadd thave andri sm angl e
of about 90 degrees, but prismangles ranging from60 degrees 10 120
~degrees mayvdmeiosecs Shdgestioihhes thhalighVguicoovds: rayeldl Srdiertisededor
optical structures 152'. Furthernore, each optical structure 152° may be
formed t oFHrecaiteiight libbtouwide s has enginty Perngreh 4§2.0amoutont nal val ue.
This variation in height may have a wavel ength, which nay be in the range
of about fuFhace 10O 2 Pack fBFEirsgReguitie IBUapPrIteat is%¥nse iitrhngadeter abl y
be | ess than about 140 m Such structures are disclosed and described in

t he af or eRRrtEBARHY BT TEACST dtER" Patetht (BRpIjeRatish EnereYEle = wprreal
Film" Serjal, ., 09/,025,1S3. The optical structures 152' are shoum

ori ent ed gtgsl? ﬁtjingﬁii‘ilntpé?p%ﬁdil%puﬂta YRS Nt 1 i ght S8y dBAERE trtheyi || be
appreci ate hat .opti.cal. structur 152! m e orjented parallel to
t he Iightls%lbtr (S:Iér%%% g%rlsa%}{%ﬁc%enagloggb&e%t ?geeeorlll%su%esé]r:g%cse %&g—'ﬁ 8e]§f%é%§ to the

li ght sougge.lde . EarMng:the P RYLLSHLEacs 158 dﬁgcdg;ght%%vgheitoggi cal
ed fromthe 25

structures 152" results in additional T1ght being extract

|'i ght gui degorkfbfh EdY Qughe trhenbaek-SuEbaRe 1154 n 8B CQERarRELLO £:88 Qut put
surface 150'. Sone light is also extracted fromthe output surface 150'.
The porti omymbuldee sbi Hireexiltar-bg dehie hacknsiy bacmcdbds. twil | WO
02/(1.18s8 _~1_ PCTIUSII1/212")-4 encounter the back reflector 146' and
Wl be reflected batk thibughridee thghtigitide dddbptirxd pberoub piHe Bakd ace
150. Therefore, ~~rith the backlight Z40', it nay be desirable to directly
secur e t heuffack Geebfettoiidit@uide sphandabk slirfaecat 154'intdHisynmay be
‘acconplished by 5 lam nating the back reflector 146' to the back surface
15415 Suchrtendars aMgeneite P ivpid Batieceef? ecPorshess in EIG $cl Pwedaand
described in the commonly assigned United States Patent Application, Serial
No. 09/ 419U738° §9 FEdECEEOLEFPEI"PHIY JRE: et FET WSt §h'garde Mavi ng a
Directly Secur ed Ref Lteicgnogleaq:nghg Pdet hod_of Iggki ng the Sane," t

input surface an

ance extra to taper to nauJL away

from the input surface 62. The pattern can also be non-tapering, i.e.,
constant, over the entire surface, increasing from naught, randomly

20 varying, or distributed in discrete regions. It is also possible for
the optical structures to be out-of-phase, such as optical structures
68’ formed in a back surface 66' of the lightguide 60’ shown in FIG. B.
It will be appreciated that patterns of optical structures may also be
formed in the output surface 64 either separately or in conjunction with

25 a pattern formed in the back surface 66 -- such embodimentsz of the

inventions being described more fully below and particularly in

connection with FIGS. 15 and 16. Returning to the present discussion, a



10 disclosure of which is expressly incorporated herein by -reference.
Alternatively, the back reflector may be forned on the back surface using a
vapor depd€®iRitgit8pr ocess. I n enbodi ments in which the ref |RCHO$012829di rect |y
secured to the back surface of the lighiguide, it will be appreciated that
the reflector should be both specular and highly 15 efficient with very | ow
absorption. As described above, variation is added to a characteristic of
the OPtiCBlyaldouch U,89;dog lldohedy LONIRE-JLIPAE Lufl ol Iy LOE DAY,

surface or the output surface o ghtguide, e.g., vartationint

anpl i t udenofitihes ORdn-GAl £ S hi UGk UL £ Snet D1 dHedUGR B MNQEDL] i§8, ikt he 2 0
out put of the backlight 140 and 140', respectively. It iIs p055|%le to

provi de SkBbhAr ¥&F icdbin®lt,i Bnd heqontul&als oStRaiet Uk 5chy OLhers el hads, such
as by bead bl asting the optical structures, however form ng the grooves
with the desamiibeshitaks aihaendpgaprdrsmhgiyghd;feeoyittesimueoniraks abl, e,

predi ctabl e and hence preferred nethod of reducing non 2 5 uniformties in
t he 6ut putvhiofh twheldbackyeghbddibGptli@al | durstrateestHatghdveombpitopi-icl Vi ewi ng
cone di sposed above an out put of the backlight 140, i.e., the light exiting
the  Vf OpPuy 1182858 =PCHWUSIEEA24 2231 - 2~ backlight 140 from an out put
surface of the turning film 148. Wat nmay be determ ned fromthe
illustrated |ight olfiputrar§8igHer girfakeecd taiftance, thheprhsd mshr e Aance,
the integrated intensity, the horizontal distribution or horizontal

hal f - angl 8% dffY PREFFEPE i Tal BARST ritbtt i RE CGertiiiRal -halke gREEE! FTG. 20
provides a.,simlar distributiaon for the backlight 7.40' early, noticeable
Y hat ¢ RATbptE SHEbas PP 50 hate S ol ener i psnt ety Bt on
and slightly Lncr tical di .hution. eral | integrated

ot 051 ty e pREEEERIR 8] e R P B R R P s PHER: B e

140" is 105abaut the  SAMR.:v&f hough 08 Xl Spd WBlaanes 1rAd E@&gm&me' WfL nance
is substantially increased for the baclclight 140' as conpared to the

backl i ght c34Qa1AppreeL8dLds f 10K hackl £5£249 sand 20, is that the
arrangenment of optical structures in the |ightguides 140 and 140",
respectively, wll bhaveilanvefdoeetgemprilig epidqautatda then haekidrghdimystem 15
In the backlight Z40', the lightguide 144" with optical structures 152
formed i ndisgsiskopn surtacdlyaddi tooiighraiglohi sfabpoiradf stiwethrghhapisput of

't he backlight 140" is achieved as conpared to the backlight 140.

Fur £ Rer nofermase dats @nopttiical Simucndr ek P8RIicatnfilye coerlisdd feixt hxamalyi ng
characteristics, as described above, the |ight output fromthe backlight 2
0 140" mapyeaEe (Ri f oA WERBURT 28T PEHaloPbptdic ateerf s foX &frere:

devi ces, such as diffusers. There are additional advantages associated with

provi di ngotHe SHEFTAr st TIRERE 182555 5e | K K Var Y 7YY cHdPact eri st cs,
in the output surface 1.50° of the |ight UL9%>1§9}; ( u n%dvaentage
rel ates 2°5° 10 tH chat ety 2 porf"e? \ Iq':fa SUr pj?.cgag’ §V\n£"tbh 2

_ _ e'interface o he out pu urface _ the t urni ng
film148. Wi, 06 QRLLE Ak SIRMCEUESnd Sden D8ING: FPLEEA ohNed RELIM,PUL
surface 150", ‘there swll be relatively few points of contact between the

pri 0B optical element.
Films incorporating programmed optical structures may be
manufactured using a microreplication process. In such a manufacturing
process, a master is made, for example by cutting the pattern into a
metal roll, and the master is used to produce films by extrusion, cast-
25 and-cure, embossing and other suitable processes. Alternatively, the
films may be manufactured by compression or injection molding, casting

or roll forming. A preferred apparatus and method for microreplication



ffO 112/ (118s8 -23 PCT/ US111/2129-1 of the turning film 148 and the out put
surface 150'. This may result in a decrease in the optical defect generally
referred wo 08488t - out. As nentioned above) providi ng var iP&IYIEWIRR¢ he
formati on of the optical structures 152/5.hel ps also to mask defects in the
out put of the 5 backlight making the |ight output nore uniform Therefore
anot her advantage of providing the optical structures 152" in the output

surface 150"sJ0By e the el Lyaaid %S_@gn gi Fhuser o égilr@awoﬁ %ﬁt?ﬁﬁ%ﬁal |

backl i ght system Because the optical structures provi

col I'i mat i ony, 8,18y 1 P8 eRseraet b T Gur #2Qe dda MS:HRIQASSE BlaRind BaRECOr dance
with the 1 i nvention, to provide a backl i ght systemthat requires fewer

" sheets of sopti1CAb. foio) Me3S760ANAK Afsk-eadyB| Caloshaglkbaht, SyELeNFo.
Tllustrated in FTG 21, are a lightguide 151, a turning film 153, an LCD

di spl ay 154 =mngasn)hacke ekl echos ESbnidi ghthdrsbeXpasdsag {dapbhded

| i ght gui de 151 from both the top surface 161 and the back 1 5 surface 157.
It I8 possémdie bhatefstergmg Fresnel reflections 156 between the back
reflector 155 and the back surface 157 may trap a substantial portion of
the |ight extractedaframetiiwlbaeck thardmye-AB7rigyy Sedtivghtof shal ti matel y

| ost leading to inefficiency. To inprove this situation, illustrated in
FTG 22, theertépt et ig " Sufaeenasgoofiq he. B‘aé%%earreflf%@f*brlezlsooﬁ%'ls‘ﬁay be
f ormed vvlth optical structures 159. The optical structures 159 may be

facet s, g?%d\?ésaogrubéf?fétﬁa%]rﬁéﬁéan?t rfﬁET‘iusé§faC?h%2 Gt T aeCstt l?(‘:lFﬁ?ct?s 8459 hel p

~to reduce t he specul ar conpon h ection fromback refl ector 155
and to di PECEREIG Frae b enr S5 rHE F@%Féﬁ?c&é‘ri%fG P S PREVERET DG i ts

ef figienc itable r flect d| g tical ructures is
thehgnhanéed:hﬁl ;[I Ihssg’t:lrue Iué% 8% ?d?t Orl%i—ipr ﬁ%afq Sol d tll)lf/ess%lts anlteh of skill

in the ar I tegt a be
appl i ed t% %Ilmlcjr?l %L ua %;@g&ne% 58 \1/4\217% éﬂ%&%ﬁ%&%ﬁ%ﬁ% EZf!Z“!g 15!&8 43%1{51{&[ i ght,

i ncl udi ngayd tRgHL: |4 ath0dh haekld-ghta ¥40s@Rdgdankbi ght mt ep8:d B
accordance ~~ith the additional preferred enbodi nents herein descri bed.
Sever al agaqinat b@Rs o2 eshane arBt s .anthamdhé isvakd oms Bfrrklein bulk, or as
shown in FIG. 9, the lens structures 86 including the optical structures
15 88 may be formed on a film 94 that is then bonéed to a bulk optical
substrate 96. Depending on the application, the first surface 82 may be
arranged as an input surface and the second surface 84 as an output
surface, and vice-versa.
FIGS. 10 and 11 illustrate schematically a circular lens 81
20 that includes a first surface 83 and a second surface 85. The second
surface 85 is formed to include lens structures 87, for example,
circular Fresnel lens structures, and superimposed over the lens
structures 87 are additional optical structures 89. The optical
structures 89 have characteristics, such as amplitude, period, and
25 aspect ratio, which may vary, for example, from an outer circumference

of the lens 81 to the center of the lens 81.

Referring now to FIG. 12, shown graphically is a £ilm 100



5 backlight systens have been descri bed above. Still others can be
appreciated and are within the scope of the invention. It wll be
appreci atwd ogh#t8 t he particul ar arrangenent of the backl i FEI/EPEREH wi | |
depend on the application for which it_ig-.intended. To illustrate the
adaptability of the present invention, several exanples are sho~rm and
described in connection wth FIGS. 23-28. G ooves in the Back Surface of
the |ightgui El . i i u | i.ght r 162, a
caedge |i SH%%EET%IEQ fG% ré%ga%lﬁggﬁée%tg %?ér?é%df?%kt S%c%lg gft“?fl?ﬁn%%—g ]goﬁsd an 15
optional adgidd apaly apt iealanbhddnclilingThsod | OBt oyl de. 1640 has, an eutpu
surface 165 and a back surface 172 that is forned wth optical structures
“simlar t@nopthopainagbt WHbRSulbacseWnd RiGPABECT LQReWisth tlephightoui de
244 in FIG 16. The optical structures may be forned directly into the

| i ght gui deod Géhybye imajpeet iiana mekige ng: erarastid@i1Q ol iey atinel ¥agd hes
"optical structures may be formed in a light transmssive filmthat is

| ami hat edat® & Becdsic kdgurbace Thé 2ofict hestkiightrguli be d&8kndPTidrhthptiieat
structures formed on the back surface 172 of the |ightguide 1&4 additional
| i ght exi e8¢ h@4| iqyarguitgesd®hdt darugps tareaiRfedoint bt mantkacel02265aas
conpared to the back surface 172. The light exiting the back surface 172,
however, €Rtsladt PdicEre BAB Ky BRTEt BYmPEEEOT shardcserifticet edcbark t hr ough
the lightguide 1&4. A suitable ff0O 112/11-18;8 PCT/US111/2129-1 -25

ref | ect or *ICiTHAF ngeo1RG GaF EPPELtREES: | P8 RjF6ed 8P usssT BfYctor. In
accordancehmﬁth ad%LtionaI aspects of the backki%yt 160, the turping film
168 rmay bEMPGITEE TG F nd G ot Y8 Ve & icPur PREFYEIOUSBET Surf ace
176, AThe tional optical film.1 may, be _a. 5.bright ness hangi g _fil m
suchi’as ag g?‘éer?éln ri’%%%%l %EIL—IF\% re8ptZ(|980'aI ¥l?e| ° glcfaﬁesﬁqﬁc%ﬁrsees g? IlélcF |£€'e &

Pol ari zer _fil - E) . t I f toL Ral ari zer
1 m prodiet 361 d-Se DELE) T “or b 6h Bf STBUATI a8 G e M Rrosst &

M ning andndBpUbact Wai NG CORRARY. vkl GA0¥ES Japidhe, QU Rub1Swekage of the
lightguide In FIG 24, a backlight 180 includes a |ight source 182, a wedge
| i ght gui dgedf4diaubkackedraiiectoratl 86, amyllUtdiangididsBuddR8 canehean opti onal
optical film 190. The lightguide 184 has an output surface 192 that is
formed w thglopiidalinsérwebutes tBe Millar1doo opti cal structures 15 152" shoum
in connection vrith the lightguide 144" illustrated in FIG 17. The

| i ghPgui de 184 may Bétd oenethusy refiezerdoton®icdi Wy oF casbeexyedotlzmd t o
include the optical structures in the output surface 192. Alternatively,

t he opti cdltiity tes RS Ay be thertREdcrh AT R GHES t408n3A $SFved Fitmthat i s

| am nated to the ou,tBut surface 192 of the _ ,
larger amplitude at the first edge 104 and decrease in amplitude toward

the second edge 106. The larger amplitude produces more optical power

along the groove axis because of the higher surface slopes. The optical
20 power of this pattern then decreases as a function of the distance from

the first edge 104. This arrangement of the optical structures 108 and

the pattern 102 is purposeful.

With reference to FIGS. 13 and 14, f£ilmes 110 and 112, are

shown respectively. Each f£ilm 110 and 112 has characteristics like film
25 100, and like reference numerals are used to describe like elements

therebetween. As opposed to the pattern created by using a “ V” shaped

tool, the film 110, FIG. 13, has a pattern 114 of optical structure 116



20 lightguide |184. Such an arrangenent potentially increases manufacturing
flexibility and reduces manufacturing costs by sinplifying nold design for
t he |i ghtwaoziessi84. | nstead of having a unique nold for e®EA/USOHRL2941 de,

| i ght gui des may be adapted in accordancg;with the invention by |amnating a
surface of the lightguide urith the optical filmfornmed 25 wth the optical
structures. Wth optical structures fornmed on the output surface 192 of the
| i ght gui de;, 184 ;ap, addi 4,088l 2Ipull,:0f J i.ghf. exids Lhed i.ghtayi de,, WO
Ue 1 1- 185 8" FCTPURT 1?2%219-81_ 26 7. é_4'5fr8m tthe out pu SRR o5

conpar ed 9,4 he,ammunt; of ,Li %Fa@egrhl D Lhe e ght gui-de. fLom-Aa bagkisurface
193. The light exiting the baclc surface 193) ho~~ever, encounters the back

“reflector sd8fa apthd § £efd seiedobac end hnoughst hey shght:@ubae 184ngeb0aensur e
a high percentage 5 of the light exiting the back surface 193 is reflected

back t hr ougkedibed ldogbt@icdecdil4al theeback thiefshetd@r o2 86iriescqy ek efiabl y
"directly secured to the back surface 193. This may be acconplished by

| am Bat i NgibndTilLe Gndoriam r forwifli | v boptdrgatrac khsunfiacenll93amgr thyl vapor
deposition coating the back surface 193. t”~7hen directly secured to the
back surf gewfib®3atitd nite bhaeted witlethorraghtadldr beoodpeeinigarelmrdeditghl vy
efficient. In accordance ~rith additional aspects of the backlight 180, the
turni ng fRFMersgs fepine PHPHR 206 foHB| Afderhl @i f PUSTEY &N Sheuttafpree iay it s

out put surface 196. The optical film 190 may be a brightness enhanci ng
film sucRUE<S<&fdtefBhti’dfled BEFI I optical film the Diffuse 15 Reflective

Pol i fil duct | . F) | t he Specul Ref | ti Pol i
o) o product (oo o 38 eisepysheapiaTas) Apt UG SRR B o3 SR W nfosorn
M ni . facturij In ElLG ! kliaht 220.i | ud

1 e soup st o s P L0 PP, dcduBlFes 200 By AN B0sb g 2" °
turning fi,m_228,,.Th6420 LEght gui de 224 has,AB-QutRUt sHLlacs 230 that is

formed caith optical structures (not depicted). The optical structures may
have a varyidNgopahkehle 134CH: ascdasghi bad it herles edreniiiaededdhi t ed

States Patent Application entitled "™ Optical Film" formed using a cutting
t ool of asyiypuichalipeisiiaperudhieeophiCate ShowCtbres. my deetnaesdiidi rectly
in the 25 lightguide 224 by injection nolding or casting, or alternatively,
t he opti cabristarlligtagress may bectborsmedaca 126 iaghit the ansitadsiveickiten tthat i s
Jamnated to the output surface 230 of the |ightguide 224.
15 are shown in FIG. 15 to extend only partially across the top surface
132. It will be appreciated that the optical structures 124 and the
optical structures 130 will in most cases extend across the entirety of
the bottom surface 126 and the top surface 132, respectively. The first
pattern 122 may be arranged to facilitate the extraction of light from
20 the wedge 134, while the second pattern 128 may be arranged to mask non-
uniformities in the light output from the wedge. It will be
appreciated, however, that the patterns implemented in the wedge 134
will depend on the desired light output to be achieved from the wedge
134. Moreover, as described above, the patterns 122 and 128 may be
25 formed first in optical films that are later coupled to the wedge, for

example, by bonding. In another construction, surfaces 122 and 128 are

formed in the wedge by injection molding or casting.



t'f Ol 12/118;8 -27 PCT/L1S(11/2129-1 Wth optical structures forned on
the output surface 230 of the lightguide 224 ar_ additional anmount of I|ight
exits thevoightsgsi de 224 t hrough the bac)t surface 232 as PEgrril@to% o t he
anmount of light that exits through the_putput surface 230. This |ight
encounters the back 5 reflector 226) and is reflected back through the

| i ght gui de 224. A suitable reflector may be a grooved diffuse reflector.

The optical structures. i L0 of non-uniformties,
e S R T T

and thus' elimnate or a er Slo?ft sstt em Al so,
because the.opthealy,ghrugd UL £ 0BY e%é&ngaeyloqetﬂ@ 1991.,1{91@15}“ L0 O fubge | T ght

exiting the l'ightguide (see FIG 20), it is possible, in accordance wth

“the inventhphe EO-d0¥Ede Brhaakkightusyst e thaty.r eguibies tewaknsheets of
optical filmas conpared to typical backlight systens. In the enbodi nent

- Sho~~m i nskkd3 s2brdREr & detodd HuRGhd: obPideanalmneopdd eat itk 238)cavdi-ch may
be the Diffuse Reflective 15 Pol arizer film product (sold as DRPF) or the
Specwl ar Reé|ecthd esuPohas iiZedn finbm prothtet r{1s0kd as tDBER) ettvat babdre the om
M nnesota M ni ng and Manufacturing Conpany. Recycling Backlight Systens 20
In FI G 26urimdeaekin ghtr200te rrcliglds sauitdeght Theoapiciea (X ruatwaedyey be

| i ght gui de 204, a back reflector 206, and one or nore additional) optional
optical fihier2l0 Ehdagdnly THReceiligirgulateh20s vAasouw BHEek surface 214 that
IS forrred with optical structures simlar to optical structures 152 sho~m
in connecFP%)lff‘CLFH%lfﬁe 1Py ht dﬁ‘ledbn"fﬂ‘al‘innh?—? Gpp?ﬂcat’z‘sn TReltpt-peifes and

structures may be fornmed direct he | i % UI de 204 bx i njection
mol di ng oPaﬁlﬁﬁPﬁgsysﬂFT%rfﬁét? \Y@Irgetytﬁ BHETCH OB r ulPUrEE Ry °be™ or med i n

gu:_:,lagé tz%ﬁr%f ?S:avl i g. bgaﬁl}cid]:éghfbgyslt%m Qxaq:egxglgcg he.l.igg‘gl%y tr\l/\ell Qrus%rgtilgﬂ8 - 28
of total internal reflection where the lightguide is formed with optical
structures in either a back surface and/or an output surface thereof.
Still another example is a backlight system that has a lightguide that
uses a pattern of dots to extract light ad includes optical structures

15 formed in either or both of its back and output surfaces. These and
other examples are described in more detail below.

Referring to FIG. 17, a backlight 140 is illustrated and
includes a light source 142 adjacent an input edge 143 of a wedge
lightguide 144. A back reflector 146 is disposed adjacent a back

20 surface 154 of the lightguide 144, and a turning film 148 is disposed
adjacent an output surface 150 of the lightguide 144. The back surface
154 is formed with optical structures 152. The optical structures 152
may be grooves formed in the back surface 154, and are shown as such in
FIG. 16. The grooves shown in FIG. 17 are “ V" grooves and have a prism
25 angle of about %0 degrees, but prism angles ranging from 60 degrees -
120 degrees may be used. Shapes other than “ V* grooves may also be

used for optical structures 152. Furthermore, each optical structure



PCT/ USOL/ 2129-4 The optical structures forned on the back surface 214 of
the lightguide 204 facilitate the extraction or light fromthe |ightguide
204. The Wpta2@a88structures may therefore all ow for the elRGH/BIHN20240f 5
the diffuse dot pattern typically used_{g_extract light fromthe

| i ght gui de. Sone |ight exits the back surface 214, and this |ight
encounters the back reflector 206, and is reflected back through the

i ghtguid - A SUj le b refl aor__i.s.the enhanced diffuse reflector
(EDR) fil fia ?Déédﬁé’%éeslgo}tgqﬁ}’eﬁl%ig‘gg éﬁg’%ﬁ"r‘?‘éhgsor?%?g thé %ofigt%a{rf’@r% for

extracti on,of, i ght,d r om the, Light.ouide, 204, nay. f sdiige vtlhﬂghrh% dy,f . add

diffusion to nmask the appearance of the dot pattern in the output of the

"backl i ght 800:angbesopbbenal Qprt el fi | g8 £210,18n0e 212 MBYL DS, RLi g ngss
enhancing filnms, such as the aforenentioned SEFTII optical film product

carranged isfci derhei@ssed: atsangeaent; addtivse iRefleecbinpiPolatiizar film
product (sold as DRPF) the Specul ar Reflective Polarizer film product (sold
as DBEF) antifeor svatdsomst@anbppidkthons &hereed aogkiatl mfimwhi ebranewavail abl e
from M nnesota M ning and Manufacturing Conpany. Tn FTG 27, a backlight
240 i ncl udesozs, Lpyhtfidedrkebreaty, 18 29208 wedgertdeygftdgret deo.2447728sherok
reflector 246, a diffuser 248 and first and second optional additional

opti cal fitheslizsbosrg 252higheshheieby edtreetdly 24eoiporprast bewdilybsecured to
a back surface 254 of the lightguide 214 using a dot patterned adhesive,
such as d&8t%4°BEH in the aforenentioned United States Patent Application
entitled " Lightguid a Directly Secured Reflector." The

2 5 Havin .
adhesi ve is therefoFgedﬁFéﬁ &tgwﬂaraaﬁﬁﬁa T PHOTY preattess suliftaxtiedeyi on
dot -pattern. The ligh i.de. 244 has an_qutput surface 255 that js forned
10 2/ 1P HERE TG e S BT 28° i T opt AL S+ GRUTFER CnbE=U&BF ot ed)
The optical, sthugtuyres, 1€ A V3L Y i s, . gesgribed abo The
optical st Bct&rgéqﬂgg %ﬁﬁfgﬁﬁgﬁgdi?é%Fgg ?%;Eﬁéfﬁ?bﬁ?géﬁa%:fﬁﬁ %y%§2

i nj ecti on,poldbAg. R CRSIIRE o QbgAlckel AL h¥Slts thenaptinal sRbELCLYres may
be formed in a light 5 transmssive filmthat is | am nated to the out put

surface 255 of the Ithghtguiae 244.148hea0pbi 431 s81d-uet WaSmANGC! bdimagt he
varying pattern, as described, may elimnate the need for a diffuser, such
as the di ffuser For example, the turning film 148 may be formed as described in
15 the aforementioned United States Patent Application entitled ™ Optical
Film With Variable Angle Prisms.”

The back surface 154 is formed to include the optical
structures 152. This results in some additional light being extracted
from the lightguide 144 through the output surface 150 as compared to

20 the light that is extracted from the back surface 154. A portion of the
light exiting the back surface 154 will encounter the back reflector 146
and will be reflected back through the lightguide 144 and the output
surface 150.

Referring now to FIG. 18, a backlight 140’ is illustrated

25 that is similar in construction to the backlight 140, and like reference

numerals are used to designate like elements. Primed reference numerals

are used to designate elements that are altered from the backlight



248, to mask the dot pattern, as well as other non-uniformties in the ZO
out put of the backlight 240. As such, the diffuser 248 is optional. Wen
used) thevepe/iadl optical filns 250 and 252 nay be bri ghtPédd$30&ARdhci ng
films, such as the aforenentioned BEFIlJpoptical film product, arranged in
a crossed arrangenent, the D ffuse Reflective Polarizer film product (sold
as DRPF) or the Specul ar Reflective Pol ari zer filmproduct 15 (sold as

oDEE) 2 ol G S48, A A0 £ 1 TR0 MDDESAL a M. N0 a0d Vegul.act uri ng

Conpany. Pseu dge |ght System Fing now to FT

backl i ght 42601 ned léﬁ?§cé1tl L9hbpee ngeqn@eo;&w@g& 23 PReUEes TLedge 5
| i ght gui de 264. The pseudo-wedge |ightguide 264 1 ncludés a first surface

1266 and apsecosthsubiace 268 .qiIheschi sbtacent faasgamay-be.of oEseds Wi opti cal
structures 270, such as optical structures 152 descr_bed in connection with
fIG 17. Thacsecand4suy faages itsrhoignedioiibth faairdegragueasd bciuthas 272
that are arranged 25 to be parallel to the Iight source 262. The faceted
grooYe stswchue ess0272f fraei 1idnateldexts4ct | Ome ohtpitghtrfacemidieis ifiphtngdi de by
enhancing the frustration of total internal reflection. Not shown, the
backl i ght wiz@0optfda® §t2/ctlr<8582 RCTFYSOPL2d29stxB8Bunkd 152l s@yikrel ude a back
refl ector disposed adjacent the second surface 2G8. The faceted groove

St ruct ur e$rPTSS EgrrRAVE AP icabPe gigfaeef @af ur e3d sEacHhovRdiY isdealivf BE@t has
a facet angle. Wien the faceted 5 (%r oove structures 272 include a variable
angl e featTr eI KEOPHH \F‘ihaﬁhllnf et Tarfgrtes Vvar%rof’Y%grrFF%c*@f’et% PFAERt . This

arrangenent of the face roove structur es educe the appearance
of nonuni P& ©F eagjouﬁ ’t%ﬁﬁt B PR AR gﬁ?ngiéé frl@Bhfcf &°PHES 1 ght gui de

ssh asaslabstrcur the .10 1i.ght guj,de ZGQma b
Fur ther moras PRefeandl o BHahye Bupblceditas 90 iy BT By PRty i n
the 1ightguide,264. ;Lo L¥aMmLEs bxomol di,ng, o ogesteaeg,o Qgcglhetéee%&»sd
groove structures nmay be formed in an optlcal Imthat I's lamnated to a
sl ab or wedgenph aht quide: cJ h‘f‘avga&%@@gitgﬁ:ggﬁlafa§léé1%ﬁgﬁ§3§twen LG Mary in
density as a function of distance 15 fromthe |light source 2&. Still other

modi fi cat hensaanghiakt ermat i weierdedi MeRt §ho fnal gy veny 8Rkk 08hgEhi |Wnibe
apparent to those skilled in the art in vie~n of the foregoing description.
Th7. S deseayt peti on the tangbeo @apstt uedmas 1pbé ust riatt ver dabysgwend is for the
pur pose of teaching those skilled in 20 the art the best node of carrying
out 1bhe i mpdntaoipnsThilldetrefdrsblf behkesst tat abeutando et hothamaythetvass ed

substantially w thout departing from
are disclosed and described in the aforementioned United States Patent

Application entitled ™ Optical Film,” Serial No. 09/025,183.
The optical structures 152’ are shown oriented substantially
perpendicular to the light source 142'. It will be appreciated that the
20 optical structures 152’ may be oriented parallel to the light source
142’ or at an angle between 0 degrees - 90 degrees to the light source
142,
Forming the output surface 150’ to include the optical
structures 152’ results in additional light being extracted from the
25 lightguide 144 through the back surface 154’ as compared to the output
surface 150'. Some light is alsoc extracted from the output surface

150’. The portion of the light exiting the back surface 154' will



the spirit of the invention, and the exclusive use of all nodifications
whi ch conme within the scope of the appended clains is reserved. WO

| 12/1 LI 8880080486 Al M5 Y7hat is clained is: PCT/USOL/ 2129- CT/USA1RREKI i ght
conprising: 5 a lightguide, a light sowce disposed with respect to the

| i ghtguide to introduce light into the Tightguide; optical structures
formed in one of an output surface and a back surface of the |ightguide,

the optical structures, arranded fq extyact, 10,Light fromthe || ghtauide: a

.
turning fTTT ai Sposed Hdj Acent to the But put- Surfaces _

di sposed agdacaile Lg MAEKLAILLAGE: saidhee YR O LBG OPLL G, T T UCT UM eS

i nclude a varying characteristic arranged to mask non-uniformties in the

“output of i 48 ibhghtLgui de. nay 1R esiThBLDACKE Q0L PTElAl Pl Lapherein the
optical structures conprise grooves. 3. The bacKlight of claim2, wherein

t he groovessiateoAniuangesd 20 wuhsharbialilsy parald elaytee theodj19bteSaYrce. 4.
" The backlight of claim2, wherein the grooves are arranged substantially

per pgndi Cudnginat Dnd kel baght reneeee: 125 5o ke bhac khi-ghte afscl abmR2 an
~~rherein the grooves axe arranged at an angl e between about O degrees to
about 90 gegmgesertto tdhehki gtk gsolirecgor 149V Qs 424 IBSE ianPCIdddrSbddl AR129- |
-32 6. .The backlight of claim?2, wherein the grooves have a shape sel ected
fromt he grogpnadnlyhapdsnedrikiised igabds Pataft gprwldgesiorf,| 8¢rigiodves and
arcs. 5 7. The backlight of claimz, :vherein the back reflector is
directly 8¥ciitetR4.ofitrd BaBI=zutf 4682 Bd THE that Kl PitosidcFarngla wherein
the back reflector is adhesively bonded to the back surface. 10 9. The
back! i ght PHfeSELai FR“IreWTEF B GO b a ke thet | e t'df9s 4% Sared t Bt he back
surigce b ,aJQotﬂa% Q?hY$n§§2§e£n'1lo'clh%n%.Ckli%Qt gj claiml, wherein
t he*Back PHII'6EYGY st d TR S N DERTGIHET S o8 Pt HrEE T he opti cal
is;[ rgﬁftgﬂr eelt"ae‘arrlhg‘p:gvee y'E Otheenga{a‘cr}cc%e%]heectroxe*fr*a?fcﬁé %rrgéd lol‘xgtrge Qggkk s%@%a(l)cl‘égh the
using a vapor deposition process. In embodiments in which the reflector
is directly secured to the back surface of the lightguide, it will be
appreciated that the reflector should be both specular and highly
15 efficient with very low absorptiom.
As described above, variation i1s added to a characteristic
of the optical structures 152 and 152’ formed respectively in the back
surface or the output surface of the lightguide, e.g., variation in the
amplitude of the optical structures, to reduce non-uniformities in the
20 output of the backlight 140 and 140', respectively. It is possible to
provide similar variation in the optical structures by other methods,
such as by bead blasting the optical structures, however forming the
grooves with the described variation in prism height provides a
controllable, predictable and hence preferred method of reducing non-
25 uniformities in the output of the backlight.

FIG. 19 illustrates light output in a viewing cone disposed

above an output of the backlight 140, i.e., the light exiting the



11. The backlight of claim1l1, wherein the |ightguide is one of a wedge

| i ght gui de, a slab |ightguide and a pseudo-wedge |ightguide. 20 ~2. The
backl i ght WOf28K8m 1, wherein the optical structures are fRETHES1202%N
optical film and the optical filmis Laminated to the |ightguide. 25 13.
The backlight of claim1l, wherein the lightguide is formed with optica
structures i.n each of the output surface and the back surface. Vi O

(12/(1- 48;}:%ck%h%ql(}J%}g'rl:l'/a%lg@@uqzd's?rmge bo%cl:ltl% itgprgin%{ FJ(.: mailgh o WJh\é@err(aei n the

varying characteristic varies as a function of a po 'on-on t hie“onéYof the

out put sunfageandndde-bachke sUrLacS b1 B IS Pagklight, of;claimi,
wherein the varying characteristic linearly deCreases In nagnitude froma

first edgaueindihie, |ighhguirde teiaaseconsk ades:ated hocbightguibde. 16. An
optical filmconprising: 10 a light transm ssive filmhaving a first

surface andrazeeedntissurfiace; andoppidneal 1slfUchUE esidf eHdTedriftatihe first
surface, the optical structures including a varying characteristic arranged
to nmisk nonamifothed icesvéntianl dal piingdb. t lrec ool padvified i sthelavar yi ng 15
characteristic varying as a function of a position of the varying
char act er igeteitypniethdof i thet backifigee.1407. Theawdpt hatdlcefblemiof tigltatm 16,
wherein the optical structures conprise grooves. 20 18. The optical film of
cl ai m 16, SRR &f Padréightodde’s tafer diefarrfedotizopeals ghstipub ddt ynpar al | el to
an edge of _the gptical film 19. The optical filmof claim16, wherein the
grooves are*@raAnyEHeated vETEIfAAngt ErhRthieEn AB6tallo Heyrased tistaidty . 90
degrees t%rqglqugzpfth&;oBtiﬁgh%fiIg} WO 121! 1. 18s8 PCT/ USOl / 2129- 4
-34 20. THE opticar FIPH of "I M8, THHLFEF PERE S cbHY 288r ¥4 eldf the
10 about the same, although on-axis luminance and maximum luminance is
substantially increased for the backlight 140' as compared to the
backlight 140. Appreciated from the FIGS. 19 and 20, is that the
arrangement of optical structures in the lightguides 140 and 1407,
respectively, will have an effect on the output of the backlight system.
15 In the backlight 140’, the lightguide 144' with optical structures 152'
formed in its top surface, additional collimation of the light output of
the backlight 140’ is achieved as compared to the backlight 140.
Furthermore, because optical structures 152’ may be formed with varying
characteristics, as described above, the light output from the backlight
20 140’ may be made uniform without additional optical films or other
devices, such as diffusers.
There are additional advantages associated with providing
the optical structures 152’, including varying characteristics, in the
output surface 150' of the lightguide 140’. One such advantage relates
25 to the interface of the output surface 150’ with the turning film 148.

With the optical structures 152’ being formed in the output surface

150', there will be relatively few points of contact between the prisms



filmis adapted to be secured to one of a back surface and an out put
surface of a optical film 5 21. The optical filmof claim 16, wherein the
grooves WeQ&2/aisshape sel ected fromthe group of shapes coR§iT&4YHI 8t ~~ v
grooves, flat grooves and arcs. 22. Theygptical filmof claim16, caherein
the varying characteristic 10 |linear decreases in magnitude froma first
edge of the optical filmto a second edge of the optical film 23. Alens
conpri si ng; fi . Su C a._.se S .- @and .Opt | ruct ures
formed i n%gn%leo% {litsrhlen%f ﬁ%t g%ﬁr éicteﬁea?l)g%egge%%%dl 5;bur'f;lglel,g 'H?’g%%%%ttcg

structureg JOcludi ng 8nyLYLHg g@%rﬁc%@{érgii)p raf&angeds L9 JBSkur. as
non-uniformties in an output of the I'ens, the characteristic varying as

function @tnéidpesidin, QfrotheiPlhealist HUCEAY @ofiht38h biSWhE apeic20 24. The
| ens of claim23, the | ens having a Fresnel |ens structures, and the
~optical sttusitures iser ngiber aed o dde duresnelinl ens ostpurcbaras. 25. The

| ens of claim23, wherein the | ens conprises one of a |inear 25 | ens

st r uét ur e bagidl ight inatih@rtheehigist pugiutreore uWOrd2/ fheRSRDH RS04 12129- 4
-3526. A lightguide conprising: an input surface, a back surface and an

out put surflameagard opevichhg stheuebtirces ftgpaedepnl@ieinftheheuimputursart ace,
the back surface and the output surface, the optical structures including a
5 varyi ng lEfaratlet itéei i@t rrigadot ¢ AR SHO AR Folthe tavesalh bapkldgbput of
the lightguide, the characteristic varé/i ng as function of a pgsition of the
optical sEFEEUr PURVERI R TEEE. STFeHRE 11 ghPHIide betel Sihi 28 Rher ei n

the optical structyres are 10 forned in a fil nd ,~~~herein the filmis
secured 1 6"k TFERe S500 S [ Tnt Gubar B it 270 SRE P RCH 67T | m

s ﬁ%cureqp gnt%%%ﬁct%fgis?ag <0y 1hondi hg- sgée%%hal:p@qo}h{j]g% quide s%fe?% t lm 26,

tr~herein e op a uctures conpri'se one o rooves, grooves

and arcs. 30;.,1he; 1y 9Bt Bi-d8e Pl oCL b2 Gac el £, dcfs Optical structures

conpri se grooves arranged perpendicular to the input edge. 20 31. The
|i ght gui de of cl ai m26,swhesgim bhe opl ical 2 StiEHEIIHES: GONRIi88: 4 GOVRS

arranged at an angle between O degrees to 90 degrees to the input surface.
25 32. Theshj ght gip despfaychai Mma26, bashefgiacidie19pt | cadhtStE et &Sdconpri se
di screte optical structures dispersed in a pattern.
from the lightguide 151 from both the top surface 161 and the back
15 surface 157. It is possible that strong Fresnel reflections 156 between
the back reflector 155 and the back surface 157 may trap a substantial
portion of the light extracted from the back surface 157. This light is
ultimately lost leading to inefficiency. To improve this situation,
illustrated in FIG. 22, the reflecting surface 158 of the back reflector
20 155’ may be formed with optical structures 159. The optical structures
159 may be facets, grooves or other shaped structures. The optical
structures 159 help‘to reduce the specular component of reflection from
back reflector 155’ and to direct more light up through the lightguide
151, thus increasing its efficiency. A suitable back reflector
25 including optical structures is the enhanced diffuse reflector (EDR)

f£ilm product sold by 3M. One of skill in the art will appreciate that

the principle taught in FIG. 22 may be applied to virtually any
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wherein the optical structures are fornmed in each of the baclc surface and
t he out puvOdEEe. 34. The |ightguide of claim 26, whereiHTHH¥IBAK
surface is formed 5 with facets and the, ?ptlcal structures are formed in
the output surface. 35. The |ightguide of claim?25, wherein the varying
characteristic varies as a function of a p05|t|on of t he varying
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the turning film 168 may be formed to include a diffusive structure in
its output surface 176. The optional optical £ilm 170 may be a

5 brightness enhancing film, such as aforementioned BEFIII optical film,
the Diffuse Reflective Polarizer film product (sold as DRPF) or the
Specular Reflective Polarizer film product (sold as DBEF), all of which

are available from Minnesota Mining and Manufacturing Company.

10 Grooves in the Output Surface of the lightguide
In FIG. 24, a backlight 180 includes a light source 182, a
wedge lightguide 184, a back reflector 186, a turning f£ilm 188 and an
optional optical £ilm 190. The lightguide 184 has an output surface 192
that 1s formed with optical structures similar to optical structures
15 152’ shown in connection with the lightguide 144’ illustrated in FIG.
17. The lightguide 184 may be formed by injection molding or casting so
as to include the optical structures in the output surface 192.
Alternatively, the optical structures may be formed in a light
transmissive f£ilm that ig laminated to the output surface 192 of the
20 lightguide 184. Such an arrangement potentially increases manufacturing
flexibility and reduces manufacturing costs by simplifying mold design
for the lightguide 184. 1Instead of having a unique mold for each
lightguide, lightguides may be adapted in accordance with the invention
by laminating a surface of the lightguide with the optical £ilm formed
25 with the optical structures.
With optical structures formed on the output surface 192 of

the lightguide 184 an additional amount of light exits the lightguide
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5 of the light exiting the back surface 193 is reflected back through the
lightguide 184, the back reflector 186 is preferably directly secured to
the back surface 193. This may be accomplished by laminating a mirror
or mirror film to the back surface 193 or by vapor deposition coating
the back surface 193. When directly secured to the back surface 193,
10 the back reflector should be specular and highly efficient.

In accordance with additional aspects of the backlight 180,
the turning f£ilm 188 may be formed to include a diffusive structure in
its output surface 196. The optical f£ilm 190 may be a brightness
enhancing f£ilm, such as aforementioned BEFIITI optical film, the Diffuse

15 Reflective Polarizer film product (sold as DRPF) or the Specular
Reflective Polarizer film product (sold as DBEF), all of which are
available from Minnesota Mining and Manufacturing Company.

In FIG. 25, a backlight 220 includes a light source 222, a
wedge lightguide 224, a back rveflector 226 and a turning £ilm 228. The

20 lightguide 224 has an output surface 230 that is formed with optical
structures (not depicted). The optical structures may have a varying
pattern, such as described in the aforementioned United States Patent
Application entitled “ Optical Film,” formed using a cutting tool of any
suitable shape. The optical structures may be formed directly in the

25 lightguide 224 by injection molding or casting, or alternatively, the
optical structures may be formed in a light transmissive film that is

laminated to the output surface 230 of the lightguide 224.
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structures may also provide for masking of non-uniformities, and thus'
eliminate the need for a diffuser in the backlight system.
Also, because the optical structures may also provide
10 collimation of the light exiting the lightguide (see FIG. 20), it is
possible, in accordance with the invention, to provide a backlight
system that requires fewer sheets of optical film as compared to typilcal
backlight systems. In the embodiment shown in FIG. 25 there is a
single, optional, optical film 238, which may be the Diffuse Reflective
15 Polarizer film product (sold as DRPF)} or the Specular Reflective

Polarizer film product (sold as DBEF) available from Minnesota Mining

and Manufacturing Company.

Recycling Backlight Systems

20 In FIG. 26, a backlight 200 includes a light source 202, a
wedge lightguide 204, a back reflector 206, and one or more additional,
optional optical films 210 and 212. The lightguide 204 has a back
surface 214 that is formed with optical structures similar to optical
structures 152 shown in connection with the lightguide 144 in FIG. 17.

25 The optical structures may be formed directly in the lightguide 204 by
injection molding or casting. Alternatively, the optical structures may

be formed in a light transmissive f£ilm that is laminated to the back
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the diffuse dot pattern typically used to extract light from the
lightguide. Some light exits the back surface 214, and this light
encounters the back reflector 206, and is reflected back through the
lightguide 204. A suitable back reflector is the enhanced diffuse
reflector (EDR}) film product sold by 3M.

10 Elimination of the dot pattern for extraction of light from
the lightguide 204 may reduce the need to add diffusion to mask the
appearance of the dot pattern in the output of the backlight 200. The
optional optical f£ilms 210 and 212 may be brightness enhancing films,
such as the aforementioned BEFIII optical film product arranged in a

15 crossed arrangement; Diffuse Reflective Polarizer film product (sold as
DRPF) the Specular Reflective Polarizer film product (sold as DBEF)
and/or various combinations thereof and all of which are available from
Minnesota Mining and Manufacturing Company.

In FIG. 27, a backlight 240 includes a light source 242, a

20 wedge lightguide 244, a back reflector 246, a diffuser 248 and first and
second optional additional optical films 250 and 252. The back
reflector 246 is preferably secured to a back surface 254 of the
lightguide 214 using a dot patterned adhesive, such as described in the
aforementioned United States Patent Application entitled “ Lightguide

25 Having a Directly Secured Reflector.” The adhesive is therefore
arranged in a dot pattern typical of an extraction dot pattern.

The lightguide 244 has an output surface 255 that is formed
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lightguide 244.
The optical structures including the varying pattern, as
described, may eliminate the need for a diffuser, such as the diffuser
248, to mask the dot pattern, as well as other non-uniformities in the
10 output of the backlight 240. As such, the diffuser 248 is opticnal.
When used, the optional optical £ilms 250 and 252 may be brightness
enhancing films, such as the aforementioned BEFIII optical film product,
arranged in a crossed arrangement, the Diffuse Reflective Polarizer film
product (sold as DRPF) or the Specular Reflective Polarizer film product

15 (sold as DBEF), all of which are available from Minnesota Mining and

Manufacturing Company.

Pseudo-Wedge Backlight System
Referring now to FIG. 28, a backlight 260 includes a light

20 source 262 and a pseudo-wedge lightguide 264. The pseudo-wedge

lightguide 264 includes a first surface 266 and a second surface 268,

The first surface may be formed with optical structures 270, such as

optical structures 152 described in connection with FIG. 17. The second

surface is formed with faceted groove structures 272 that are arranged
25 to be parallel to the light source 262. The faceted groove structures

272 facilitate extraction of light from the lightguide by enhancing the

frustration of total internal reflection. Not shown, the backlight 260



"109%@& ()-!"10%@@& ()- 10%@& ()-!:F"109& () -

1 10%@&' ()- " tduu+v, v-v. v=vM/~_ @ 1! F" 910%&' ()-L10% ()- 10@ 10@ 10@

965! 10%@VOI2MBA0Y@ & () - Y! [ ! FUd0%&' () - YM/RvawxLy zzzX6-PCausng129+4
3MB109%&' () - @ L3MBL0%&' ()- @ Q _30-

FOAL0% ()-! LHFIA0%&' ()-!Y' 10%m& ()-, T0%& ()-zzX{{|}}}}"PB4 1 10 10
10!V, %4.0%& () - ! L, Yd0%&. ( #10% 0% () -.9% 10%

109@& () - ‘“1%0%@? ¢ C{‘f‘delﬁ % %ﬁ@@s?‘}se@%ﬁfﬁ%ﬁé q}%ﬁg"sfé /ése& ()
-u=aBPB4 140! &$10%@& () -

1 10%@& ()-! RF! 10%& ()-f!10%@& ()-s$109%@& ()- 109%@& ()- & dEPB4 1

10- 1 109%@& () - +YYLOUR (ae@d groove structures 272 may have variable angle
10%@& ()-s' ! 109%@&' () - YLOUGE () - #10%@& ()-FT"efgdE:/ 10@ 10@8 10%@&' ()-L6
"10%@& () £¢A VIR OY@EaCh - DTOU@] ) Fa0R0UER' ¢ )LacetOM@Rs( ) MyhrtihSlfaceted

| CZ94.09BB& ()- ! 109%g&' () -

" 3 $10%g& FICEFISHIOHFE €4 @@M%@/@&lfe)ﬁbl@ RN L GSRE ) @hro BVIAF @itie 1/

%9 &' -1 04 00 ' )= 04 00 04 00
L T L T
10! " 0s$10% f_gbc(v)a trug%§g@3%&7§)xﬁay7mgrc§4t 351%5'&%%11&0/‘3& r(()nun:l&/g@tn(e)s in an
&y#10%& ().y 100g& ()-: 10%g&
output of the backllcht 260
While the lightguide 264 is shown as a slab structure, the
10 lightguide 264 may be wedge. Furthermore, the faceted groove structures
272 may be formed directly in the lightguide 264, for example by molding
or casting, or the faceted groove structures may be formed in an optical
film that is laminated to a slab or wedge lightguide. The faceted
groove structures may zlso vary in density as a function of distance
15 from the light source 262.

Still other modifications and alternative embodiments of the
invention will be apparent to those skilled in the art in view of the
foregoing description. This description ig to be construed as
illustrative only, and is for the purpose of teaching those skilled in

20 the art the best mode of carrying out the invention. The details of the
structure and method way be varied substantially without departing from

the spirit of the invention, and the exclusive use of all modifications

which come within the scope of the appended claims ig reserved.
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a lightguide,

a light source disposed with respect to the lightguide to
introduce light into the lightguide;

optical structures formed in one of an output surface and a back
surface of the lightguide, the optical structures arranged to extract

10 light from the lightguide;

a turning f£film disposed adjacent to the output surface;

a back reflector disposed adjacent the back surface; and

wherein the optical structures include a varying characteristic

arranged to mask non-uniformities in the output of the lightguide.

15
2. The backlight of claim 1, wherein the optical stiructures comprise
grooves.
3. The backlight of c¢laim 2, wherein the grooves are arranged

20 substantially parallel to the light source.
4., The backlight of claim 2, wherein the grooves are arranged
substantially perpendicular to the light source.

25 5. The backlight of claim 2, wherein the grooves are arranged at an

angle between about 0 degrees to about 90 degrees to the light source.
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secured to the back surface.

8. The backlight of claim 1, wherein the back reflector is adhesively
bonded to the back surface.

10
9. The backlight of claim 1, wherein the back reflector is secured to

the back surface by a dot adhesive pattern.

10. The backlight of claim 1, wherein the back reflector is formed to
15 include optical structures, the optical structures arranged to enhance

the reflection of light back through the lightguide.

11. The backlight of claim 1, wherein the lightguide is one of a wedge
lightguide, a slab lightguide and a pseudo-wedge lightguide.

20
12. The backlight of claim 1, wherein the optical structures are
formed in an optical film, and the optical film is laminated to the

lightguide.

25 13. The backlight of claim 1, wherein the lightguide is foxmed with

optical structures in each of the output surface and the back surface.
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5 15. The backlight of claim 1, wherein the varying characteristic

linearly decreases in magnitude from a first edge of the lightguide to a

second edge of the lightguide.

16. An optical film comprising:
10 a light transmissive film having a first surface and a second
surface; and
optical structures formed in the first surface, the optical
structures including a varying characterigtic arranged to mask non-
uniformities in an output of the optical f£ilm, the varying
15 characteristic varying as a function of a position of the wvarying

characteristic on the first surface.

17. The optical film of claim 16, wherein the optical structures

comprise grooves.

20
18. The optical film of claim 16, wherein the grooves are arranged to
be substantially parallel to an edge of the optical f£ilm.
19. The optical f£ilm of claim 16, wherein the grooves are arranged at
25 an angle between about 0 degrees to about 90 degrees to an edge of the

optical £ilm.
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selected from the group of shapes consisting of “ V” grooves, flat

grooves and arcs.

22, The optical film of claim 16, wherein the varying characteristic
10 linear decreases in magnitude from a first edge of the optical f£ilm to a

second edge of the optical £ilm.

23. A lens comprising:
a first surface and a second surface, and

15 optical structures formed in one of the first surface and the
second surface, the optical structures including a varying
characteristic arranged to masgk non-uniformities in an output of the
lens, the characteristic varying as function of a position of the
optical structure on said surface.

20
24, The lens of claim 23, the lens having a Fresnel lens structures,

and the optical structures being formed in the Fresnel lens structures.

25, The lens of claim 23, wherein the lens comprises one of a linear

25 lens structure and a circular lens structure.
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5 varying characteristic arranged to mask non-uniformities in an output of
the lightguide, the characteristic varying as function of a position of

the optical structure on said surface.

27. The lightguide of claim 26, wherein the optical structures are
10 formed in a film and wherein the film is secured to said surface.
28. The lightguide of c¢laim 27, wherein the f£ilm is secured to said

surface by bonding.

15 29. The lightguide of claim 26, wherein the optical structures

comprise one of “ V* rooves, flat grooves and arcs.
g

30. The lightguide of claim 26, wherein the optical structures

comprise grooves arranged perpendicular to the input edge.

20
31. The lightguide of claim 26, wherxein the optical structures
comprise grooves arranged at an angle between 0 degrees to 20 degrees to
the input surface.

25 32. The lightguide of claims 26, wherein the optical structures

comprise discrete optical structures dispersed in a pattern.
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33. The lightguide of claim 26, wherein the optical structures are

formed in each of the back surface and the output surface.

34. The lightguide of claim 26, wherein the back surface is formed

with facets and the optical structures are formed in the output surface.

35. The lightguide of claim 26, wherein the varying characteristic
varies as a function of a position of the varying characteristic on said

surface.



