WO 2004/ 065218 PCT/ US2003/ 040028 PACKAG NG AND HANDLI NG METHOD FOR OPTI CAL
FILMS Field of the Invention 5 The present invention is directed to optical
di spl ays, yaggogiRERiParticularly to an approach for packagigadobaiios
managenent optical filns used in optical displays. Background Opti cal

di spl ays, such as liquid crystal displays (LCDs) are becom ng increasingly
commonpl ace, finding use, for exanple in nobile tel ephones, hand-held 1 0
conput er devices ranging from personal digital assistants (PDAs) to

el ectronic ganes, to | arger devices such as |aptop conputers, and LCD
nonitors and t elPRGKAGINGSANEE MANDLING METHODFOROBTICARRILMSagement
films into opticCal drsplay devices results 1 n inproved display performance.
bifferent types of filns, including prismatically structured fil s,

refl ective polarizers and di ffuiﬁr !f IH!EE !ﬁre !usgf ul for 15 inproving display
paraneters such as output lumn nuniformty, viewng
angl &5 and OV‘?ﬁéhﬁes‘éWHrﬁl@rﬁ'bH isidifeeled PWlichldspues, AREfiré Particularly to
characteristics ke the device easier to use and may al so i ncrease battery

|i fe. Thanlappmadhefnnpackagingilight menagement aplical fitrag Ksed imapties) displays.nt o t he
di splay frane between a backlight assenbly and the flat panel display. The
stack of filnms 20 can be optim zed to obtain a particular desired opti cal

performance. From a manufacturing pBackemiunde, however, several issues can
arise fromthe handling and assenbly of several discrete filmpieces. These
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2004/ OGS%éSBUItEﬂ/I#ngoQ/gg/dO s;a(iay performance. Different types of films, including

prismatically structured films, reflective polarizers and diffuser films are useful for

15  improving display parameters such as output luminance, illumination uniformity,
viewing angle, and overall system efficiency. Such improved operating
characteristics make the device easier to use and may also increase battery life.

The light management films are typically stacked, one by one, into the display
frame between a backlight assembly and the flat panel display. The stack of films

20 can be optimized to obtain a particular desired optical performance. From a
manufacturing perspective, however, several issues can arise from the handling and

( assembly of several discrete film pieces. These problems include, infer afia, the
excess time required to remove protective liners from individual optical films, along
with the increased chance of damaging a film when removing the liner. In addition,

25 the insertion of multiple individual sheets to the display frame is time consuming and
the stacking of individual films provides further opportunity for the films to be
damaged. All of these problems can contribute to diminished overall throughput or to
reduced yield, which leads to higher system cost.



Summary of the Invention In view of the problens |isted above, the present

i nvention is directed to a new packaging nethod in which several optical .
filnms ar ewsumdd/ee2t®oget her before insertion into the diPgVES2PYERES Thi s
bundl i ng makes handling of the filnms easier, 5 reduces the nunber of steps
required for assenbly of the display device, reduces the chance of damagi ng
the filnms and increases yields. Generally, the present invention relates to

packagi ng stacks of two or ng@mmdrglof thieriagentioh fil ms, where at least two
of the filns bonded together Usin Zero- gap band. 10 One particul ar
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zero-gap bond between 'the first and second optical filns, disposed outside
the A rsteduoes thecowmber efwtaps 1enuiedder apsrmblyrofdhe dispidndeyce: iRduckSent i on

is directed,to a displa t t hat. bl um nation unit, a display
unit, an _ethIanjﬁto(?!%' r@ﬁ% fﬁ'ﬁ]ﬁta%gi 'Qg@%’éag&'eétlé\%en the illunination unit
and the di 5p|@;¥né‘r’é‘llg, the press tnventibh rerssd Ropddi@girigstacks ofitwalor eforeuni t to
the display unit. The |ight nana%géarrent unit includes a stack of at | east

first 20lightdnaragenentfimeavhere atdearttwapfthe flsas boaded tagether usingta Zgie-
second vi e 'ng areas in alignnment to forma stack view ng area
correspod@ B840 a viewing area of the display unit. There is a zero-gap

bondjpet wveen dHRg paricillareifibs@feat oPiie ifgéntior IREdidctaRea lighthitindgehientf i r st
and second view ng areas. Another enbodi ment _of the invention is directed to
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films. Another enbodi nent of the invention is directed to a |ight managenent
film the first and second optical films, disposed outside the first and second viewing

15  areas.
| Another embodiment of the invention is directed to a display system that has
an illumination unit, a display unit, and a light management unit disposed between
the illumination unit and the display unit to manage light passing from the illumination
unit to the display unit. The light management unit includes a stack of at least first
20 and second optical films having respective at least first and second viewing areas in
alignment to form a stack viewing area corresponding to a viewing area of the display
unit. There is a zero-gap bond between the first and second optical films disposed )
outside the first and second viewing areas.
Another embodiment of the invention is directed to a method for stacking
25 optical films for an optical display. The method includes providing first and second
optical films with respective viewing areas. The method also includes bonding the
first and second optical films with a zero-gap bond outside viewing areas of the first
and second optical films.
Another embodiment of the invention is directed to a light management film
30 package for managing light within a display. The film package includes a first optical
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30 package for managing light within a display. The fil m package includes a
first optical 2 WO 2004/065218 PCT/ US2003/040028 film having a first

surface angoaos@reng optical filmdi sposed over the firstpcapusoedosofssl m The
second optical filmhas a first surface bonded to the first surface of the

first optical filmat a zero-gap filmbond. A center view ng portion of the
second optical filmremins unbonded to the first optical film 5 Another
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directed . 1 « £ : | | apEin a
i spl ay. rRdsbER TR 2RRE tisrla it RAGEFO Ra ChagTg oM the Sitmitiefiol
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within a display., The film package includes a stack of at |east first and
second ophiceater viewiag paitionofite seeend eptical im samains unbondedito gheafishs in
al i gnrrent%[;t&afmh{n a stack view ng area. A zero-gap bond neans for bonding
films 25 Detween the first and second optical filnms is disposed outside the

first and seconbther embodinertas the invention is directed to a light management film
15  package for managing light within a display. The package includes a first optical film
having a first surface, and a second optical film disposed over the first optical film.
The second optical film has a first surface bonded to the first surface of the first
optical film by a zero-gap bonding means for bonding the first and second optical
films together. A center viewing portion of the second optical film remains unbonded
20  to the first optical film.

Another embodiment of the invention is directed to a light management film
package for managing light within a display. The film package includes a stack of at
least first and second optical films having respective first and second viewing areas
in alignment to form a stack viewing area. A zero-gap bond means for bonding films

25 between the first and second optical fiims is disposed outside the first and second
viewing areas.

The above summary of the present invention is not intended to describe each
illustrated embodiment or every implementation of the present invention. The figures
and the detailed description which follow more particularly exemplify these

30  embodiments.



The above summary of the present invention is not intended to describe each
iI'lustrated enbodi ment or every inplenentation of the present invention. The
figures WRF'HESHEt ail ed description which fol | ow mor e BSAYY$2843040028
exenplify these 30 enbodi nents. 3 WD 2004/ 065218 PCT/ US2003/ 040028 Bri ef
Description of the Drawi ngs The invention may be nore conpletely understood
in consideration of the follow ng detailed description of various

ief Desaription of the Brawinge acconpanyi ng dr awi ngs,
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way of exarTBJ e .in the dr.aw be . described in detail. It shoulid
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FIG. 4 schematically presents a perspective view of a display unit according to

an embodiment of the present invention;
FIG. 5 schematically illustrates another embodiment of a display unit
15  according to the present invention;
FIG. 6 schematically illustrates a general embodiment of a system useful for
manufacturing a light management film unit according to the present invention; and
FIG. 7 schematically illustrates one embodiment of a system for
manufacturing a film stack according to the present invention, using uitrasonic
20  welding.
While the invention is amenable to various modifications and alternative
forms, specifics thereof have been shown by way of example in the drawings and will 3
be described in detail. It should be understood, however, that the intention is not to
limit the invention to the particular embodiments described. On the contrary, the
25 intention is to cover all modifications, equivalents, and alternatives falling within the

spirit and scope of the invention as defined by the appended claims.



limt the invention to the particul ar enbodi nents described. On the
contrary, the 25 intention is to cover all nodifications, equivalents, and
al ternati weg @obd2i® W thin the spirit and scope of the pdiehizdoods
defined by the appended clains. 4 WD 2004/ 065218 PCT/ US2003/ 040028 Det ail ed
Description The present invention is applicable to displays, such as liquid
crystal displays, and is particularly useful for reducing the nunber of
steps required for maki ng such ¢ ﬂi rigki di splay system 100 is
schematically shown in FIG 1. ' des in electronic display
el ement’ 102, Taichreasntinventioriiscpplitatledo sidpays, lsGoh gliqlid onstaldisplays,
typically sandw ched between two gl ass |ayers., Furtherpore, the display

el ement anchis pasiculaity werfubies seducing et number af eiBas deqHied dpomaking ueh Hanel
to proviﬁgiépe pol ari zation contrast typically required for producing .a
pol ari za R based I mage. 10 A backlight assenbly 104 nmay be used as the
primgy |ightA displagesyistemtiioe is dcheraticalyssiown 0RIG.ot. Mhy distardetilidas

providing i %ht _through the diQs,fl ay elenent, 102 when there is insufficient
anbi ent injekestronis display plemenb102.shchias a liagd arystakdisplay (D upansalayhishenent

102. In; . tJ ' | ght 104

sever al 'g{%@{gﬂ@éa@gc hf?ng&ﬁ)iegﬁ?\k géﬁ%ﬁgﬁ% alig té/rg(gaui91 ea%é?yl é’a%'lé‘ggﬁe or
15 nore 164 hegytittud@rbserbindpolarizersrbole EHndf IsslowthedCDhsarél $® pryvide/theem 100
in many applications is that the total thickness of the system 100 be

smal | .~ ARQJarizatiogiopntragktypicaliyireaiigdder puslucinga pal#iZzatinshbaseshisRpde t he si de

of t | i ght L. da: t |, et ' 08..di ' fromthe
| i ght” source ’%égﬁ\@i’?ﬁ%‘%‘gﬂ'ﬁﬂ@ @%gﬁgﬁs%#o%%%evé?@gqfﬁéﬁ%%(gsl[ﬁ)'fsg;&g &nent. The
l'i ght sogisplay Bémemty1025 ormyaysbe UsEd fortprowdirig lighghhraliysthe dieplay elerasit
applications, it is desirable to illumnate the display 100 with white

Iight, i#02when thereds insaifiicieptrarskigptlight der theuses ta iew dhe dnage formas byn

£l e ; ' . )
' ant , Coediiny BEmart0zs Re AR50 SinBlogime s, BabRinraieRiir S0rihay
provi dedinoiudb sévéfalleRinrents slick asianiighteoumes106,2a lighat guideet(s, langlunefgrom t he

| i ght gui de 108 towards the displ ?—E’ . .
15~ more reflector l[ayers 110. An important feature of the display system 100 in many

applications is that the total thickness of the system 100 be small. Accordingly, the
light source 106 is commonly positioned to the side of the light guide 108, and the
light guide 108 directs the light from the light source 106 up through the system 100
towards the display element. The light source 106 may be any suitable type of light
20 source. In many applications, it is desirable to illuminate the display 100 with white
light, in which case the light source 106 may be a fluorescent lamp, an array of light
emitting diodes whose colors are mixed to produce white light, or the like.
In the illustrated embodiment, the light guide 108 is provided with diffusely
réﬂecting regions 112 that direct light from the light guide 108 towards the display
25 element 102. The light guide 108 may include other types of elements for directing
light towards the display element 102, such as light extraction regions on the upper
surface of the light guide 108 facing the display element. Light extraction features
may also be provided on both the upper and lower surfaces of the light guide 108. it
will be appreciated that the light guide 108 may be in the form of a slab, as



25 el enment 102. The light guide 108 may include other types of elenments for
directing |light towards the display elenent 102, such as |ight extraction.

regi ons OMORAB/GPd8r surface of the light guide 108 fadiGHPEMEHL}| ay

el enent. Light extraction features nay al so be provided on both the upper

and | ower surfaces of the light guide 108. It wll be appreciated that the
i ght guide 108 may be in the formof a slab, as 5 WO 2004/ 065218
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di splay e In a t managenent f
managenmishof irportanafds thépregentiaventiaront ai ns a nunber of films to control

i tical teristics of |ight incident he display el enent
102, For "exafpMeTbenel 19 manaRagen s pryRicab niaiposad bawer Per o -
diff “Serbattklfg{ﬁt g%é?ﬁgl-q‘f%{nbhﬁtthg'dciérplgéfélécrhédm Yin RRligHt hargyehfdm fifpnogeni ze

the intensit passi p through the il mstack 114. 15 Filns
11816and siak ety Tee Eghtumbnagenieritiiim staakit Hatypicglly cootaing a puirder offilaped ri bs

119 ' S its | face. i sm.shaped, ri hel p t di t
ne || git SoRkaraRoLR@pyRel chraklarbtivae! fie Rt QRGNS CSMIEY FIREETE 10 of

the filugpl r h'lf'p‘i’& t [ ' ' I i l¢mne of the
figure. L é]%rt‘)eggo ’ttﬂgh@#%@%?ﬁg@%ﬁ?f@agﬁgkggg fﬁgtnqlgg?eglf el to
t hose oft16héeTHe first diffaselfikbn mhéng befus2a to thelf hdmodefizedlye bdensstypod tloié Gightar t o

the ribs 119 of the fi] m118 so,t the ribs of the film 120 redirect the
light i rﬁ’aés'ﬂgr‘@cth%’b&epéﬁaﬁ%ﬂka{]ﬂ{-o the plane of the figure. This may be
refgsred to §nR CIPIAEH 2D MaGBY SrQidSing! 58¢h hhingHNeSf prism-
sHaped ribs 119 running across its upper surface. The prism—shaped'ribs help to
direct the light towards the optical axis 130 of the system 100. The ribs 119 of the
film 118 redirect the light in a direction parallel to the plane of the figure. The ribs of
the film 120 are typically arranged non-parallel to those of the film 118. The ribs of
20 the film 120 may be perpendicular to the ribs 119 of the film 118 so that the ribs of
the film 120 redirect the light in a direction perpendicular to the plane of the figure.
This may be referred to as a crossed-structure configuration. In another \)
embodiment (not shown), the layers 118 and 120 may be substituted with a single
structured optical film that redirects light received from the backlight assembly 104.
25 The stack 114 may also include a reflective polarizer layer 122. This layer is
useful for recycling light from the backlight assembly 104 that is in the wrong
polarization state for transmission through the display element 102 as image light.
The light reflected by the reflective polarizer 122 may be diffusely reflected by the
reflector 110, with some polarization mixing, so that at least a portion of the reflected
30 light makes it through to the display element 102 with the correct polarization state
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enbodi ment (not shown), the layers 118 and 120 nay be substituted with a
single structured optical filmthat redirects |light received fromthe
backl i ght WO300lc¥21304. 25 The stack 114 may al so i ncl udeca/us2hizegoizse
pol ari zer layer 122. This layer is wuseful for recycling light fromthe
backl i ght assenbly 104 that is in the wong polarization state for
transm ssion through the display el enment 102 as image light. The |ight
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of the discrete o tlca Imlayers 116-1 nmust be individually inserted
to (t he dinsigsing, zﬂd@ecbtcdtﬂnam)stfmm wdhuﬁ@rfsnn@altelereenteften i nportant to

reduce the th ness, of .t he f Ge 1 | ay
t hi ckness, k?ﬁﬁ}’?lh Guam ﬁapkéﬁi%a‘i 9 trpﬁvs'ﬁ%re C\?ﬁ@" fa}yeﬁs i&g resul t,
the indi w.&at% lﬁdiviﬂlﬁdll‘y ih§&%&d f@mebﬁsﬁlawfram Qbr|ﬁg3‘ﬁ1ah©$édtl§re' nsiheelitggsed
difficulty in l'ing, processing, and assenbly during manufacture. Al so,

because prftegemportant tca;m:hmweethmmas gfirtbeiftms di 61124, to redideomedrall y, t he
B o el e iR B e A0 eS8 U TR, SAT B GPT O™ S
the individual film stiffness may be low, which can result in increased difficulty in
handling, processing, and assembly during manufacture. Also, because these film
layers often have precise optical functionality, the introduction of surface defects,
such as:scratches or debris may compromise total system performance. Often, each
20 film layer is provided with dual side protective liners, which must be removed prior to
insertion into the backlight assembly. The action of liner removal and the resulting
C insertion into the backlight assembly can expose the delicate film to a host of
potential modes of defect introduction. Examples of such defects include scratching,
lint and other debris attracted to the film surfaces due to the build up of static
25 electricity. In addition, the removal of the liners requires additional fabrication steps,
and so the reduction in the number of liners to be removed results in fewer
manufacturing steps, with a concomitant savings in manufacturing costs. When
multiple film layers are incorporated into the backlight assembly, the probability of
creating/introducing a defect can grow ever higher, which can resuit in slower

30  manufacturing throughput due to excessive re-work and higher unit costs.
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20 filmlayer is provided with dual side protective Iiners whi ch nmust be
renmoved prior to insertion into the backlight assembly. The action of |iner
renoval aWw@ 20MW&6FH8ulting insertion into the backlight Pﬁg@éﬁ@w‘@% expose
the delicate filmto a host of potential nodes of defect introduction.
Exanpl es of such defects include scratching, lint and other debris
attracted to the filmsurfaces due to the build up of static 25 electricity.
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may r esahtadhesiza layetds iarsihictyredisyrfate ozat resultire anaumatesirablen sigmificamtr act i ve
propert tructured surf 15 cancel t the

Fer T act CorBrRiiodi tae Rl e Ranerin ot e ARl B ilabec o AEPGrastaof 1 1 m
tlrl‘g’i% Ea\éﬁn@el dut H@ﬂé’ﬁ%tlﬁ@bf@ﬁrﬁé@alﬁﬂeﬁﬁ&e ThtisC thd héﬁ’f‘%iu%%tlha%fﬁé'bt 8fRime 11 ns
that have a structured refractive surface, such films as the prismatic films 118 and
120, may be compromised. Instead, it is desirable to build a packaged stack of
optical films where the approach of bonding the film layers together maintains the
desired refractive properties of any surface structure and, particularly in space-
20 limited applications, adds little or no thickness to the stack thickness.

One approach to forming a bonded film stack 200 according to the present »
invention is schematically illustrated in FIG. 2A. Layers 216-224 represent different )
optical layers as may be found in a light management film stack in a display systém.

For example, layer 216 may be a diffuser layer, and layers 218 and 220 may be

25  structured films for directing light, the orientation of layer 220 being crossed with
respect to layer 218. Layer 222 may be a reflective polarizer layer while layer 224
may be a diffuser layer.

Bond 230 represents a bond that secures adjacent film layers together. Bond
230 may be a discrete bond that permits the presence of an air gap between

30 unbonded portions of the film layers, for example where the surface of one of the
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120, may be conprom sed. Instead, it is desirable to build a packaged stack
of  optical films where the approach of bonding the filmlayers together

mai nt ai ns wbheogrsiiged refractive properties of any surf aeeemé4iR and,
particularly in space 20 limted applications, adds little or no thi ckness

to the stack thickness. One approach to formng a bonded filmstack 200
according to the present invention is schematically illustrated in FIG 2A

L 2 tical |
ot raige RenET FRERrec S 40 air PLEE be BeRip el RE MR BAGkR T,
be a di ffomndnacyfarertaan@btmyﬁrms Mhaa%tmmwmmamw EmStalrdeEIZtD,lﬂons f or

directing light, the orientation of |ayer, 220 bei ed vmt res ect to
layer 2lgedl[%gt@g lighbtawgyds, thenaxia 232 4fit skﬁaka?r%eﬁgmi@g?a\mav@ 4

may be a gl f ;Ec}i'r?te rhah@ﬁ(f%eve?&'}g%;é%%reﬁgé?ﬁ? gﬁ%rlé @%ﬁﬁ?ﬁ%‘ﬁrt‘ﬁ% ﬁm‘ ent

filmlayers toge on ermts t

pr eserce dafftha@finalayege@i1t2ie ¢tmaf awam@ddvlama emmmm pbsitior thelbnddame for
exanpl e where the surface of gne of the 8 V\D 2004/ 0@%18 P%/ US2003/ 040028
films corWitiimgideitabe phisame siial ofdhalayegap o4 eoUrdLiabs MAY AFAFENGE Y t he

ef ficient '&ﬁfh I K pti cal
films Zlgeg@gsg%b%?%ér?ﬁs fogc#' I'T ec geﬁ?clrhc{e'd éijkg hﬂa%géfdéétggg f%h‘tg‘r'ue st ack
214. Bonds 23QAnmexpdrelet visw,eshowing arsorpb230 betwesnoa grismatically jstriucturedn
either a |ine or geonmetric pattern on the surface b fil Iayers

216- 224. film 6 and arother Hay dgésngm@acab's'!'wtfﬁﬁe@Wé%b%nﬁgzéa thi§ thin side

bs 1of | 16-
t og; 98 arotibodineRt thélarkd Fog By Hehdrher bdodish ne Bipifial stRkina i
frane, Arp68is asdd dovioamingsthewiond 280hoTide aB(gdpeQK@bet\nmqmriMm$2663and

structured film 266 and another film 270, is ally illustrated in
FIG 2B. 4 pemitsibe prisoatiaali strygidradfian t?HQdﬁ?CtttﬁgﬁlefPﬁﬁ P9l edge of the

prismati qﬂ%b%%’ﬁ’h?ﬂ%?{ﬂ%% f%?d ZtQth%Hﬁ‘ﬁ%sfd?rthé Qlishstyt he bond 230. The air

gap 272 be ermts the prismatically structured
filmto redir ddiffetdmé appwiathesssayioe utse@lt@tddmgh prewentdbesdegradatidn tod théhe
thic k1nSGSSo;%caltc?uealitt)i/ !){?hzts?gcli{ed films. For example, care is taken to reduce the
presence of contaminant particles between the films that may lead to Newton'’s rings.
Further, one or both of the surfaces that touch together may be provided with small
height variations to reduce wet-out, for example as is discussed in U.S. Patent No.
6,322,236, incorporated hetein by reference. Also, a prismatically structured film
20 may be provided with a variable height structured surface, as described in U.S.
Patent No. 5,771,328, incorporated herein by reference.

Different types of bond 230 may be used, each of which adds no significant
thickness to the film stack. At the site of the bond 230, there is no gap between the
film layers being bonded together. The film layers are bonded directly to each other,

25 and the bond may, therefore, be referred to as a zero-gap bond, or a direct bond..
The bond 230 may be a thermal weld, for example formed by ultrasonic welding,
laser welding, or the like. The bonding element 230 may also be a solvent weld. For
example, the optical light management film may be formed from an acrylate, such as
polymethylmethacrylate, or from polycarbonate. Such films may be solvent welded

30  using methylene chloride as the solvent. Another type of direct bond is a crimp,
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D fferent approaches may be used to reduce or prevent the degradation of the
15 opti cal uallt of the stacked filnms. For exanple, care is tak

reduce t H¥O ﬁ‘?"é§éﬁée of contanminant particles between thpé:TWﬁzH’fswf‘?P&? nay

| ead to Newton's rings. Further, one or both of the surfaces that touch
toget her may be provided with small hei ght variations to reduce wet-out,

for exanple as is discussed in U S. Patent No. 6,322,236, incor orat ed
herei n berethe l@ryees beihgdondegdrtogeathar cae r:yrrxpedaotmewtfmqwﬁmw

pr ovi deﬂﬁ/ tq {:}1 abltﬁ hei ght structured surface, as descri bed |n u. S

Pat ent ?‘ie © PHEGr porated herein by reference. Different types of

bond 230 WBVA%PW of @dsdhddd ¥ck @omﬁsnmg iSseerhhtcaly préémés@mslcsost he
filmstack. At the site of the bond 230, there is no g between the film

| ayers lsbowgwgmmam t(mj@@ﬂefﬂm sheetf302m The Bims iarthe \E o0 NOF® each

ot he 25 .a fore, be referr p

2 i PecPonBfal Bom0h K sae 705 BaY tekerat e ualfireht Shads S EomRa s,
ultr asouwc%twﬁldyp@admd &% e wéaﬁ@aes@h dfhﬁe hhgmaa&nghb@wbmgasgbmwt 230 may
al so be a solvent wel'd. For exanple, the optical t" managenent” fil m may
be for nddieftabsn3f4 raay prcamée aeeivenient pmqtceiuchlgi Ithetstmgwqﬂchd@';ngaassamhw

pol ycar bonat e. .. Suc

ded t hyl e id
o Y e R MiapRctcTA A Ve b gt o) Fodieing e, itn SR Wi oshilo Bh 57 5
PCT/ US2Q0k Qe dwb@ye nﬁ lge hm&rafeobém@admémeanhmaetie%-gap%o%srsmd to

prevent novenent of oné |ayer relative to the other. A top view of a bonded
st ad 3@ee bicatdd imsthesareaiod e takd BO4 pirethentase ofrarmutar \seldSSme\npe@lmgﬂ y the

t t sheet, 302. The th tack h her al
tabs. 3080894 SRl g Boal B efuaauPreds ave bandiote Boshl aeiipt P °
locati O'i‘egigﬂi?é’t%ﬁ aad %dmmgﬁ‘iﬁéfd;ﬁlcﬁﬁﬁihgﬁa@l& 3bbe THeEdrokppUdrti 360/ flagm

assenbly.” The tabs may provide a convenient area to hold the stack 300

during @sodalsepn @ﬁetmﬁbape@ﬁor@mw ciicylarioe lingad for registering the
erbod: mont,  ARRUTHonS P e tTms, btpotiviieh 1 irielbes e fishlabea of che
t ab3530‘éleﬂ1é1ntté}ﬁi RAhe ViEwer) b defetRl D ad ViewRiRealedd. The viewing area of the
topmost film 302 is shown schematically as the area enclosed within the dashed
lines 310. In order to reduce the size of the film package, the viewing area
preferably takes up as much of the film area as possible. The viewing area may
extend, in some cases therefore, to approximately the edge of the film. Furthermore,
20 itis important to maintain high optical quality in the viewing area. Since many
bonding techniques used for making zero-gap bonds change the optical ‘qualities of
the film, it is important in many circumstances to place the zero-gap bond outside the L )
viewing area. Thus, the zero-gap bond may be formed, for example on the
peripheral edge 312 of the film itself or on a tab 304 that lies outside the viewing
25 area.

An advantage of bonding together tabs on the films is that there is a reduced
possibility of wicking the solvent in between the films when the films are bonded by
solvent welding.

An exploded view of a display 400 is presented in FIG. 4, showing how the

30 different parts of a display are assembled fo form the display. The display 400 uses
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308 in the center may be useful for engaging pins in the backlight assenbly
used for. registration and nounting of the optical filmstack 300. The

zero-gap bwulmodiG2eay al so take on different shapes, fopcEygmmtgwos rcul ar
or linear. The portions of the filns, through which the |ight passes to the
di splay 15 elenment and to the viewer, are referred to as view ng areas. The
view ng area of the topnost film302 is shown schematically as the ar ea

encl Osed?(age faﬁccqﬂ§ﬂﬁme dthBe&ord %:Qnehfﬁ Wrsﬂffraﬁ@ 4IRS Mh%?uﬁ' the

film pac t ewevvlng area prefera es up as nuch thefllmarea
as possimbes sivtset@4, @niotigeralgnment feeturea or exampleepinaseshe like,dooakgning

appr oxi ed of the f|| Fur herm)re 20 it is inportant to
kgt i iR aizpaetront fin i |

mai nt ai C8wi ng area. Since nany bonding

t echni ques U'Sﬁda Bgékhghkaggerﬁswatwa th@rfﬁ@t ﬁmﬁ&ﬂar&%mw&mh tHE §laintd es of
the film it _is inportant in maé/ ci rcunstances to ace the zero-gap bond
i ‘El)h%D

out sitde 40 The backlightesaembhyi406 inludes eneg ap Mesa dighiesousees 4P&dat f or

[ as out i 8% pAdE REInSAS culde fro: e bhtThehaSebeff i eBsk 2™ abe on

the fil nthehfpdsh@hea%beeltﬁe@;abﬁﬁbm%semwbeI Thig light MatdgeenemM il etadnt in
between the filnms when the fil ns are bonded sol vent wel di ng. An expl oded

vi ew of 4l13inspidep twomringogsy light managementdilms, X%m Ate hondedtogetoerdigingr ent

10 o 200 2rbbad BndiecREaR vt UthodsthaBe Bong .S 1o@E srille
cormmﬁené@nrﬁém thts 418 tHAPaligng theMiai slacka 12 withrthealighmieht 44 4041 Thicher
alignment Teatures, for exanple pins or the Iike, for aligning the films in

t hel | | ghtispiayelement 420, far ewanle amauwsﬁ%ﬁﬁp@yﬁww ADQudingt he first
9O”ponen{)olBh?&r@dln‘t')ﬂo%morr'\eﬁhaeocjv"eatﬂ@ Ilgi%@pﬁa&wﬁelrﬁ "I‘lﬁﬁls'trg{'&lfasenbl y 406

I ncl udes™one or sources "'um e edge of the
| i ght gui de 4l H@epbr@ﬁtemmmmt%bum@tmrﬁﬂme displagetement havened

above t hglegtari%l:ﬂl (i:c?nmtec%csnrsise ?g)!’gce?voeesele-g?necalll %wer 2?3‘3 %ogtr;glnézg:?élls m'IShteaeCléctncal
15  connections are not shown.
The bonded, light management film stack may algo be bonded directly to one
of the display elements. One example of such a display is schematically illustrated in
FIG. 5. In this particular embodiment, a bonded film stack 514 is formed from a
bonded stack films 516-524. In the illustrated erhbodiment, films 518 and 520 are
20 prismatically structured films. Film 516 may be a diffuser or may be a light turning
film, for example a prismatically structured film with the prismatically structured
( surface facing towards the backlight assembly 504.
The display also includes a display element 502 and a backlight assembly
504, having a light source 506, a light guide 508, and a lower reflector 510. The
25 bonded optical film stack 514 may have been bonded together previously using one
of aforementioned methods and then anchored to the chosen display element. In
another approach, the bonding process may be performed during the final mounting
to the chosen display element.
In the illustrated embodiment, the bonded film stack 514 is attached to the

30 backlight assembly 504, for example using adhesive around the edges of film 516
11



412 includes two or nore |ight managenent filnms 414 that are bonded together
using a zero-gap bond 416. In the illustrated enbodi nent, the 416 is

| ocat ed oWQ HWH8G2H | gnment tab 418 that aligns the f||ﬁF§F§8%B£E%’ ith the
al i gnment sl ot 404. The ( display elenment 420, for exanple a liquid crystal
di splay elenment, including polarizers, is positioned above the | i ght
managenent fllnlstack 412. It wll be appreciated that the ht sources 408

and t he amdsmea;gré|gé|®rﬁ08halmeanoéher&mb@@!m%rthe@fntleﬁ%fllvbstﬁéhé1 day & ri cal

Ponded. nrves iAo eSS frabit BREAREYRAD, i SPprSRRE™ o
the di sghay bel sdeimtsgects asarmap|be pérfernmd autdinatically, itisereblyeavaiding! | y

illustrated in FIG 5. In this particular enbodinent, a bongéd filmstack
514 i s foanwal insenipn of Hinertical filw rtack| kR this waypine infrodietion pidefests may

B e T

prisnatical l ymsédmeeumduﬁeﬂrtm Wetlbwehﬁlrrpﬁil(Smﬁy edbhy beyond tthe elght edgéace
facing towards the backlight assenbly The, di spl ay al so |Grcl udes a
di spl ay ¥tbastiacksdbt and the ‘B\éﬁfhﬁﬂ@ﬁg pagts%mﬂtve o160y ke used gRa B3R ce

506, a | reflector 510. The 25 bonded opti cal
filmst adrg%icg\ufoqﬂoﬁ%ge@ %%96

t oget her previously using one of

af orenment i onegy caatrbneiﬁamnﬁbrté)emmearmoeebs‘oootﬂﬁe lik detypicallyl cupidatetie | n
anot her approach t he bondi ng rocess may be perforned during the final
nmoun®i ngj'SP@Yth‘@“@ﬂB@Qe?ntooq Qe!“éﬁ‘@n%eerlwm?e\"?\"’%st rated enbodi ment, the

by R SR ML RO SR s
PCT/ US2 (1) 41628y s affets sbeetal gctNargageha Fafy of thelightheanagdmdntrims usee
or 1o S8kt B0 5 oA o B ATl o 10 ™
T S SRR bk 0 P YO ¢ R UPHHRASA £in s oo
15 the range of about 1 pm to 100's of yum. Light management fllms used in displays
tend to be very flexible, which may cause problems during assembly of the display.
Bundling muitiple thin, fiexible films, on the other hand, creates a stiffer film pack,
which can ease assembly issues. Eliminating the sequential stacking of discrete
layers when assembling the display also minimizes the probability of defect
20 introduction and ultimate yield loss. Additionally, since films are usually delivered by
the manufacturer to the display integrator with protective linings on either side, the
number of protective liners that the display integrator has to remove is reduced when \
the films are bundled. This further optimizes yield and manufacturing unit costs.
Also, the bundling of optical films may improve final inspection and quality
25 vyield versus the separate examination of each discrete film layer. This can be easily
considered when using structured optical films, which may tend to distort and
camouflage defects in underlying or other film bundle {ayers that would otherwise be
detected if these layers were inspected individually. Finally, bundling options, such
as uitrasonic welding or other bonding techniques, can provide zero gap bonding

30 functionality along with other mechanical mounting flexibility.
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5 be mnimzed and manufacturing throughput and unit costs can be inproved.
In sone enbodi nents, the lower film516 may extend beyond the right edge of

t he stack |wohodirdsiige overhangi ng portion of the film S5lpcig2608/046028 as a
base on which to nount the l[ight source 506. A controller 530, for exanple

a processor or the like, is typically coupled to the 10 display el enent 502
to control the inage seen by the viewer. The use of a bonded film stacks, or

bundl ed fil ”BI\)& r\]n%r/if‘b é’tﬁé’ﬂeBEiﬁalatﬁefﬁhﬁtstacB?Hﬁksﬂ'afdﬂ AF tPhnlc &n?%‘f?éé’ét

advant ages. | ght managenent use In a display are very
t hin. Fotweﬁhmabendecbugngmmmpl yorst, misst inclkadefd bord beiwear bthardibmsa

t hi cknes f. about 62 e a reflective oI arl ge! hav e a thickness
in 15 thﬁ"a(r)[é%ﬁ‘et %Fe'?o%%?n‘b‘in?m}:f’f)e’i%p% Bfnoﬁ‘rﬁ HE%’ dﬁ | ms used in
di spl ays gdhesite HR gegg@mééremcpﬁms whi ch may cause probl ens dur| ng assenbly
of the display. ndling nultiple thin, flexible films, on the other hand,

creat®s a sti leeﬁaiffllmaﬂa(ﬂﬁen fahnaaie@ahlaegseheet@;emqme@eaes ONER irQH n&heéng

the sequ ki i scre e the Iay al so
m ni m zeém(i\(@u%m;d ?%[S“?‘abgfea%ﬁ %er‘%% %ﬁ%&ﬂe jﬁ?ﬂ"&ﬁg I d | oss.
Addi ti ongklLixily 5y 8eee.f Sbvsrapdiffersiitab Voaimlers\fﬁé;ese%edtfbewﬁdm Qﬁélfﬂﬁfs to the
di splay i ntegrator with protective [inings on either side nunber of

pr ot ect i Ww#olbonded stacks LtSH'é] woapbontsedrertexample, the fﬂmrmey |b§ diecaiidd when

cost s, - AN AT RHRGIGTShank it b fiBhed bRAREHY Rabadl” TR RbaRRe "ane
qual 1oy a‘qun@ iay Qfesbmdéd%t&ﬁ@@éﬁteehrﬁé%@ﬁlﬁﬁ die &it, ersfaybesboREd fdvie
I ayer This can be easi | iy__uaconm dered when US@E? struct ur ed optical films,

whilch mapef@ndeing diesiuér Fushermergniing ey hecbended two antnare gt adioe. ot her
fi1m bundhg e it ououbHAsTbeP.lRi IR1R0LAL: brobldFSfolPHEle

i nspecte I | g opt1 ons, Pt SohI ¢

wel di ng e fotrhed ubm@ctwn»g)rtrao:ferbmmsg sieps. mwexdmpt@rtbeg‘w th/@rfdmsgrr&y be
functionali ty alg%gg wi th other nechanical npunting flexibility. 2 WO
2004/ 065298 eiote) forp dbe bonded,stack pndhpn @@ﬁaqréw%@d'tlﬁea'ffﬂm st ack

may, 4N %%%éa P9 tHePstabk i GhE 8r fHord BBRling steps.

A generalized approach to forming a zero-gap bonded stack is schematically
illustrated in FIG. 6. Two sheets 602 and 604 of optical film are directed to a
bonding-device 606 that forms zero-gap bonds between the sheets 602 and 604, o
produce-a stack of zero-gap bonded film. There are several approaches to forming
20 zero-gap bonds between the two sheets 602. One approach is to use a thermal
bond, in which case the bond is formed by heating one or both of the layers to a
( point where the layer material softens and may even melt. Pressure may also be
applied at the same time as heating or after heating. Heat may be applied in
different ways. One approach to applying heat is through radiative heat transfer.
25 One example of this is laser bonding, where the illuminating light is absorbed by one
or both of the layers as heat. Another approach to applying heat is through
conductive heat transfer, for example using a hot press. Heat may also be applied
via convection, for example by directing hot gas at the bond site via a nozzle.
Another approach for applying heat is by generating heat through friction. One

30 example of this mode of energy transfer is ultrasonic welding.
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two filnms bonded using a zero-gap bond, also include a bond between ot her
filme that is not a zero gap bond. For exanple, a non zero- %g bon? my -
i ncl ude VHARB&HO$E218] sposed between two films. 5 Optical PGTHEVEEY%GFt en
fabricated in | arge sheets, in sonme cases on a roll. The individual film
pi eces that are assenbled in a display are cut fromthe |arge sheet,

usual ly by a die. Several different approaches may be used for honding the
films ~into GthetewystefdREMing geroegap ga@d inglade chgmieal apdinaechardcali | ns may

be die- h ' sall ' d bonded.
e 8 o S fod "OnERLAL S ARMECPISD BIER 514 0554 solichy iBeqnd, bonce
di e cut betdieendtiichsydrord tik puiahthededrad & tochenfpreneal. clikampliestdfenediramicdii | s may

be bonded two or nore at a tinme. Therefore, it should be ecigted that a
stack t ARRropRlesnstidensrinaping the twodayears. ﬁés%'aw%r&'@ﬁwge%@ ﬁgﬁ){f@ee "mor e

bondi ng S .1 EOr | ; ' cﬂﬁ% ether to
forg%thlégih@%d%'g cg'trggiggﬁlﬁ(’[l ﬁée(#q %%Héh(s)}?fr%r@%eé%mlo g?ﬂﬁ%ﬁ&f@@e@%ded to the
stack istagke or nore bonding steps. A generalized approach to formng a

zer o-gap bonded stack is schemati call illustrated in Flﬁ 6. Two sheets

602 and 604 @nedartigiar examplgraf adﬁnpgd%fﬂ)rttl?f‘&"”gaﬁh@?ﬁb% medogetheriat f or ns
Z€r 0-gap, gﬁ%géra@ﬁ Y\‘ﬁ]ﬁ '}glaf]é?sné@f'oelt: %.692“\3{&?3 gQﬁicuLaﬁ‘ erﬂﬁ@%ﬁt,aar?lilgﬁgom:

zer o- gap ere are seveéral approaches to form’ng Zer 0- gap
bonds betideeis tded inve rethsegesoribly Theerappss ot matshihg andebomdingefilms mapond, in
V\:hifé‘l \(I:\Ese the bond is fornmed by heating one or both of the layers to a

poi RLaNIMOUSayer material softens and may even melt. Pressure may al so

be applied g.tf%r%mi’msr?)ﬂe/(bi %&Eﬁs BERY id?%hrﬁrthéf ﬁé‘:f allingh hﬁ%t léé"s%ﬂg%?/d )€
applied in different ways. e approach to applying heat 1s throug
radi at i Vhe liret 704 snstfipped By ateppingnpll #06f A sesond filmsall 70 ndiyrajso wher e t he

ot hor SHNAAEA iR g orios onetisash e SeandNAInge THBd SEIPREGIY | f or

exanpl e;4atHsd tr ﬁnggofdﬂs‘ﬁ-Z.Hﬁ?é stippedifPsoR L£2RE 788 passdowardseskdigp, for
n I Anot her

exanpl e by directi hot gas at t bond site via a nozzle.

apptachaif 320 amdl §32h gF dllewing $héyollge pairas angultrasenic iweldeyurfiv 724.i bnthisone 30
exanpl e ohichia SniBadimaht, 38 Uashh A N@br Uit /24" &5RPlises's sBitidfary
ultrasonic horn 726 and a rotary anvil 728. The anvil 728 typically includes raised
portions that contact the film 714 and press the films 714 and 716 against each
other, to the ultrasonic horn 726. The result is that a bonded film pair 730 passes
20  out of the ultrasonic welder unit 724, having a repeated weld pattern along its length.
The outer surfaces of the films 714 and 716 may still have liners on their outside
surfaces so that the bonded film pair 730 has protective liners on its outside )
surfaces.
The bonded film pair may then pass to a pair of cutting rollers732, having a
25 rotary die 734 and a rotary anvil 736. The rotary die 734 is phased to the weld
pattern on the film pair730, and is used to cut out film stacks 738. In one particular
embodiment, the rotary die 734 may kiss cut through the bonded film pair 730 to a
controlled depth, to the lower liner of the lower film. The peripheral weed 740 may
then be stripped away, leaving an array of film stacks on the lower liner layer 742.

30 The lower liner layer 742 may then be received on a collection roller 744.
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13 WD 2004/ 065218 PCT/ US2003/ 040028 O her ways of formng a zero-gap bond
I ncl ude .chem cal and nechani cal approaches. One exanple of a chem cal
approach iwotoowss18 sol vent di sposed between the | ayer seavusnes/opaizat t he
bond is to be formed. Exanpl es of nmechanical approaches include crinping
the two | ayers. The layers may al so be held together 5 using a clip or may
be held together in a frane surrounding part or all of the film stack. One

particul ar exaBhill Bé appredifed th@t trh@rsiju@goﬁé enftrsdimenpof aiy difegrehiher is

now described with reference to In this particular enbodi ment, an
uItrasom&ppfﬁmﬂh@@r‘tof@f”ﬂ@@@ermgéprhﬂfbdﬁy geonetry The process of matching and

bonding fil ns ai a roll
of filmthat Hg%ytgojfﬁwgf]@ﬁ%# W?@?t @r?g tgelséréy hélﬁ? bég%r&%gﬁ@ﬂ*s Ifskﬁri pped by
a stri pp'd&ﬁn‘fpﬂé the/fi6t filfn $¢¢¢ﬁ@y beelapriombtidaly structadeddilmowitih gheritss oidntedf
filmthat has liner on at |east one side. The liner 710 is stripped hy

seconfl stadPRs thg weh of thefilmrAts, s‘Mﬁ'i%B@SGFQQWBﬂ'mlW%W@ prismatisally Yiistureda
roller 5[1!@%9\4%%% Qﬂr & gfcﬁ*i \ngb%?hdé Rirh $16PatHe qu%t afdq léle&&?oefﬂﬁ{er uni t

wel der uni P ar € nment, the ul'trasonrc we

724 conprifgesndi7 $6 Aidyailed Ye dther Bpesi of light maﬁ%@emm\tﬁlmetwm agy diffuéedB. The
anvil 728 typically includes raised portions that contact the film 714 and
press thé)rﬁﬂeﬂ@CWP@ﬁﬂlzeﬁfénhgal nst each other, to the ultrasonic horn 726.
The result is that a bonded film pair 730 passes 20 out of the ultrasonic

wel der unit 724, having a repeated weld pattern along its length. The outer

surfdges of theahobthes methodd stackinmpontied Ishbetse differentsfilots mhgbe fediirsi de
surfaces so that the bonded filmpair r7F30 has otect ve Ilnerrsfon its.
out(si de drgctiareat rigt angipsitoceach ﬁﬂlﬁ{ ?6’f QPBféﬁl B MY, £ ng

oL et T KontdiR thidhaRoalf st idfon i ot ﬁé\ﬂngtr;@.lt.@é ¥tr€6‘t\7’|5éd 43fiq R Giob0t ar Y

die 734 is att’ern on th m pai r is used t
cut out flnlswck basitustiddhelfiimsrfeorpaheiteol ralls rrmytmdssrahtlghtt angleS)t(neqcrdl e 734
may kiss CH(ter tsg rtr?gtgtnets?aeck%%ngr?s%;tlult Wnﬁ) alente Zr%%scteg ?\ single welding and cutting
15  tool may be used to weld and cut the films where they overlap with each other.
As noted above, the present invention is applicable to displays and believed is
to be particularly useful for reducing the number of steps required for making such a
display. The present invention should not be considered limited to the particular
examples described above, but rather should be understood to cover all aspects of
20 the invention as fairly set out in the attached claims. Various modifications,
equivalent processes, as well as numerous structures to which the present invention
( may be applicable will be readily apparent to those of skili in the art to which the
present invention is directed upon review of the present specification. The claims

are intended to cover such modifications and devices.
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controlled depth, to the lower liner of the lower film The peripheral weed
740 may then be stripped away, |eaving an array of filmstacks on the | ower
liner layer 742. 30 The |ower liner layer 742 nmay then be received on a
collection roller 744. 14 WD 2004/ 065218 PCT/ US2003/ 040028 It is will be
appreciated that this is just one enbodi nent of many different approaches
to formng zero-gap bonds. The two filns 714 and 716 that may be any |ight
managenent films. For exanple the fEfEMMS | m 714 nay be a prismatically
structured filmwth the ribs oriented 5 across the web of the film 714,
whi l e the secqnd fwlqg;hzmng%ﬁnpﬁhsg@kgg@%ﬂdﬁ mPdighf ed filmwi th the ribs
oriented al ong the web of e film716.” The first and second filnms 714 and
716 may avishin bdisplapbetwepmea backlightiagtha displapglement, cérmprising: such as a di f f user

or areflective | ari.zer.fjl 10.ln, anot her t ho f stacking bo d
Sheot s di 11 e POHERPT FriEsh st 8 pipd gh g S REOGH PPy T EPEved Bach
other. For exaf®k@ond Wewinaréas  alRtdeR@th forid ARtk Wievifp bth T 2kd-gapidngal | y
structured film each having the ribs structured along the web. = In such a

si tuation, thédetweentheffirsrand secondopticel filsrbeing dispesedanlyraugdide the §fstand o each
other, so that_the stacked ppismatic fil ak rossed,, A single welding and
cutting 15 t 08F 9’1%%%‘8%?’ @SS%EBJ%W’agE@e??Pe&‘Fg?%@g%ere t hey overl ap

wi th each other. As noted above, the present invention is applicable to

di spl ays and believed is to be particul arlaé useful for reducing the nunber

of steps requiXed folilmpackags astesitedin digimpll, spereinithe first andwecondaptical dilms houl d

not be cansidered limited to the particul ar X l,es.descri bed,.above. but
ather tauh B oat b4 Fnteyd Mot of b nEFEMRe S St REE pRSLRBACIE
fairly sejne@efiphefal tdbe ofithe & @fd Sdcand@pticaling beingithefistaidnGAg bonded o geteent
processes, as well as nunerous structures to which the present invention
may be appHeraxibe gerpigap berd. r eadi |y apparent to those of skill in the art to
which the present invention is directed upon review of the present
specification. The clains are intended to cover such nodifications and
devices. 15 3. A film package as recited in claim 1, wherein the first and second optical films

each have respective peripheral edges in registration, at least a portion of at least one peripheral
edge of the first optical film being bonded together with at least one peripheral edge of the

second optical film to form the zero-gap bond.

4, A film package as recited in claim 1, wherein the zero-gap bond is a thermal bond .

between the first and second optical films.

5. A film package as recited in claim 4, wherein the thermal bond is formed by
ultrasonic welding.

6. A film package as recited in claim 4, wherein the thermal bond is a laser-welded
bond.

7. A film package as recited in claim 4, wherein the thermal bond is formed by a hot

press.

8. A film package as recited in claim 4, wherein the thermal bond is formed by a hot
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CLAIM5 1. A light managenent fil m package for managing light within a

di spl ay between a backlight and a display el enent, conprising: a stack of at
| east first and second |ight managenent optical filnms having respective
first and second viewing areas in alignnent to forma stack viewing area, a
zero-gap bond between the first and second optical filnms being di sposed
only outside the first and second view ng areas, the stack being unattached
to the backlight. 2. A film package as recited in claiml1, wherein the first
and secon®Sdftical films each have at |east one respective peripheral tab
outside the respective view ng areas, the at |east one peripheral tabs of
the first and second optical filns being. in registration and bonded
together to f®rm tAéil packagegs reeited in daimil,fwhernimthe lzengegapdondisia ed in claim
1, wherein the first and second .optical .fi each have respective

peri pher a&‘e@@ﬂﬁf’ég" @W@néﬁ?ﬁﬁspﬁq,sgﬁnﬁpwﬁhlﬁ%orti on of at |east one

peri pheral edge of the first optical filmbeing bonded together with at

| east one peripheral edge of the second optical filmto formthe zero-gap
bond. 4. A fil i.packéilpe peckageasireettdimclginml rwhereinihe izetorgaptbengd isrformpddybond i s
a thermal bond bﬁ_{vyaen t he finrs and second optical filnms. 5. Afilm
package aSTUpREp thedurstand seeopd gp in the thermal bond is forned by
ultrasonic welding. 6. A film package as recited in claim4, wherein the
thermal bond is a |aser-welded bond. 7. A film package as recited in claim
4, wherein t helk herAvfilm pagkage wherein tedfinsiang seeond opficat lmsmre prepsed togsthekiage as
recited in.claim4, wherein the thermal bond is formed by a hot 16 gas jet.
9. A filn?oﬁlg%gage as recited in claiml1, wherein the zero-gap bond is a
chem cal bond between the first and second optical filns. 10. A film package
as recited in i:zlaiml wherein the zero-gap bond is fornmed b

A film package as recited in claim 1, wherein the first optical ﬂh%x/ is a prismatic,
light directing film having a prismatically structured surface oriented towards the second optical

film.

13. A film package as recited in claim 13, wherein the second optical film is a
prismatic, light directing film having a prismatically structured surface on a side of the second
optical film away from the first optical film, ribs of the prismatically structured surface of the
second optical film being oriented substantially perpendicular to ribs of the prismatically
structured surface of the first optical film.

14. A film package as recited in claim 1, further comprising a third optical film
having a third viewing area, a zero-gap bond between the second and third optical films being

disposed outside the second and third viewing areas.

15. A film package as recited in claim 15, wherein the first and second optical films
are prismatic, light directing films, and the third optical film is a reflecting polarizer.

16. A film package as recited in claim 1, further comprising a third optical film

bonded to one of the first and second optical films via a non-zero-gap bond.
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crinping the first and second optical filnms. 11. A fil m package wherein the
first and second optical filnms are pressed together in contact. 12. Afilm
package as recited in claim1, wherein the firsi optical filmis a

prismatic, light directing filmhaving a prismatically structured surface
oriented towards the second optical film 13. A film package as recited in
claim 13, wherein the second optical filmis a prismatic, light directing

filmhaving a i smat.j cal struct yred .surf.ace on a.side,.of the second
optical film aWay fﬁh‘h‘i‘?"rfggei ars§?°1t8§f'} ‘g;‘ﬂnuﬁ’iﬁf‘ﬁier F?%@ls&giﬂﬁplﬂ?agﬁgﬁi By

st ruct ur egdackWrhelesst Gitst hitBsecGRICHIBal Fidnk Bahg httdchedioithodigflayedémehtsubst anti al |y
perpendi cular to ribs of the prismatically structured surface of the first
optical film 14. A film package as recited in claim1, further conprising a
third optical fjlm vin third . ewing area, a zero-gap bond between the
second and thi&d opﬁ@gkaygyﬁ?{g’cﬁ'ﬁpﬂﬁmg'di sposed outside the second and third
viewi ng areas. 15. afilirhiihtidclege as recited in claim 15, wherein the first
and second optical films are prismatic, light directing filnms, and the
third optical fil madisplayraftiandting polarizer. 16. A film package as recited

inclaim1, further_,¢ (Y b i fi. . t he

first and second O&l,@gﬁa?aﬁfﬁgnt\%%sigsggg %{é‘%gll-l ggﬁh@éﬁg&g‘lﬁf& 8 ﬂ%ﬁ?ﬂ? Jr%

package as r eaiditd njtaﬂagéllmihgpaksing froinfhe illaeiitios uhig tethel displapini€ e iyt , t he

stack of at least first and second optical filns being attached to the

di spl ay el emerfpanaggmensugit gwﬁ}su@;ﬁs&t@%of ablgast fisst apgd secg% light managsmeRtiPpticalt . a

di splay unit; dﬂﬂﬁ bavih} ﬂa@f, HPOAGEPRt #ﬂ'sh S SRS ﬁ&‘sﬁﬂ%ﬁ%ﬁ&{?f& foldf} Nation
[ y - un % I'g \i p el

unit and the spla t o manage assi rom umnation
unit to the distqekayewing drea tdrspondinig to anieageyared ofithe disslaymit, aizag-gapdoad k of

at least first and second |ight mana t . optical, filnms having respective
at |east firstbeayigen ﬁbﬁnéisgwnﬂap%ﬁaggﬁ& ing lwﬁ%‘rﬂnlxmle?ﬁpé‘m%g{l ck

Vi ewi ng ar ea GQEGRNRARAE Adad, heBinaRUSRAnEHBR Ring REaLH #R1BHEMDIcparat 7626 O 920

any attachment between the stack and either one of the illumination unit and the display

unit.

19. A system as recited in claim 20, further comprising a control unit coupled to the

display unit to control an image displayed by the display unit.

20. A system as recited in claim 20, wherein the display unit includes a liquid crystal

display layer.

21. A system as recited in claim 22, further comprising an absorbing polarizer layer
on a viewing side of the liquid crystal display layers and an absorbing polarizer on a light source

side of the liquid crystal display layer.

22. A system as recited in claim 25, wherein at least the first and second optical films
of the light management unit include one or more peripheral alignment tabs for locating the light
management unit within the frame, the one or more peripheral alignment tabs being bonded

together to form the zero gap bond.
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between the first and second optical filns being disposed only outside the
first and second viewi ng areas, the first and second fil ns bei ng bonded at
a position separate from any attachnent between the stack and either one of
the illumnation unit and the display wunit. 19. A systemas recited in
claim 20, further conprising a control unit coupled to the display unit to
control an imge displayed by the display unit. 20. A systen1as recited in
claim 20, wherein t di spl ay un es alijq cryst di splay | ayer.
21. A system &s- re&kﬁf@amana@m& lgzpac acﬁet @m@&%ﬁ'@gﬁ b?BE’drbl ng

pol ari zerg, on a viewing side of the liquid crystal dlsplay | ayers and
an absorblggypoﬁarlzer on a light source side of the liquid crystal display
layer. 22. A syst emfiast optical fibul havinga firstsiface;whérei n at | east the first and

per i pher al | gnmeAREAERAPRa) B HAROVRY SRR PLca RGBREOS RGN n ( ho
frame, the Ong,fng Mﬁsﬂ?&c’e%ﬁdﬁ'to ﬁie'fﬂﬁ@ﬁﬂ&ceto@ﬁﬁ glq Eca‘?ﬁﬁﬂ%ﬂaze?@-g & B to

formthe zero gap bond 18 23. A light nanagenent film package managi ng
| i ght within doudsyskatyr viewimgpoitionrog thessedand spticapfilne smainihgmibwndedtoahd finsts t

surface; and a d tical, fil i spose the firs i C film the
second opti caIOPE?aI?ﬁ&’H'gg 5#53‘%9 SFF‘?DEH Bfl&% OIBiﬁﬁd’é oyt pemng tﬁf’&{g’élm @h?rf ace of
the first opt 'e&%ienfs'df'meaélsﬂayZSﬁé)oﬂﬁ@ﬁxfst éd@se&fﬂﬂ‘éﬁn@al fIRAY QmptisRiplone ofpPr ti on of
the second optical filmrémining unbonded to t first optical film the

first and secdrf@lmﬁlns apyefilastj verprlatiasr suidatwightnoss enbansingsfidived t o ot her
el ements of the display, one of the first and second optical filns
conprising one of a diffuser film a reflective polarizer and a brightness
enhanci ng fil 4. 24 A finf pdcRAgeas kaited BScldidcds, Herkin thd Sdstar@zecoddopial fithe fi r st
and second o tical films each have at |east one respective peripheral tab
out si de tegel @g;ﬂbl@astvee spsktimypaipheral tab putside thegespective yicwieg mpasethglat leagss of
the first et her
o form t‘h e]?n% ‘?'Eh%s ?Pﬁ'e?gét aé& LBl Gl fitfhs bEL B Fefist-AbnANd bBRHLE toheled

to form the ze1o gap film bond.

25. A film package as recited in claim 45, further comprising a third optical film
bonded to the second optical film via a zero-gap bond.

26. A film package as recited in claim 47, wherein the first and second optical films
are prismatic, light directing films, and the third optical film is a reflecting polarizer.

27. A film package as recited in claim 50, wherein the thermal bond is an

ultrasonic bond.

28. A film package as recited in claim 50, wherein the thermal bond is a laser-welded
bond.

29. A film package as recited in claim 50, wherein the thermal bond is formed by a

hot press.

30. A film package as recited in claim 45, wherein the zero-gap bond is a chemical
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25. A filmpackage as recited in claim45, further conprising a third
optical film bonded to the second optical filmvia a zero-gap bond. 26. A
fil mpackage as recited in claim47, wherein the first and second opti cal
filmse are prismatic, light directing films, and the third optical filmis a
reflecting polarizer. 27. A film package as recited in claimb50, wherein the
thermal bond is an wultrasonic bond. 28. A film package as recited in claim
50, wherejn the thermal bqnd is a.l aser-wel ded bond. 29. A fil m package as
recited i%@@mﬁeﬁ&eﬁﬁéﬂgisw ap ‘1‘1@ t bond is formed by a hot press. 30.
A filmpackage as recited in claim45, wherein the zero-gap bond is a

chem cal 19 bond between the first and second optical filnms. 31. Afilm
package as rec3ked A filrs patkagetds recited ireclain 4% wherein thea perbegap bond ia acrimppéd  bond
between the first and.secqnd optical .films. 32. A film package as recited in
cl ai m 45, ?@W‘Wn%ﬁ?gﬁﬁmagﬂmcﬁjg %l enent, the stack of at |east first
and second optical filns being attached to the display elenent. 33. Afilm
package as recited in claim45, further conprising a backlight unit, the
stack of at |e3%t fArfdm paskhgsesmaidedopiclazmisffuither comprisinge displar dlemsnt, the
backl i ght unit.  34. di spl ay, syst omprising. ,an i,llumnation unit; a
di spl ay uﬁ?‘iq(, ofghgag fﬁ‘aﬂfg%%’a‘b"é%‘mﬁF‘%B@bS‘g@&h“b@f’%ﬁe’Pﬁ% illum nation
unit and the display unit to manage |light passing fromthe illum nation

unit to the display unit, the light nanagenent unit conpri si_gl? a stack of
at |east first3dand Addmrpackage agrerited inelaimdhfurthersompriging 8 hacklightunitathe ng a

e e o s Rt A R SRS e bk A, L BPORERRUB Do L 15T
first surface of the first optical filmat a zero-gap filmbond, a center

viewi ng portion of the second optical filmremaining unbonded to the first
optical film 3Ihe 4 Aisplayaystesy COMBISINE s bei ng

an illumination unit;

a display unit; and

a light management unit disposed between the illumination unit and the display
unit to manage light passing from the illumination unit to the display unit, the light
management unit comprising a stack of at least first and second optical films, the first
optical film having a first surface and the second optical film being disposed over the first
optical film, the second optical film having a first surface bonded to the first surface of
the first optical film at a zero-gap film bond, a center viewing portion of the second
optical film remaining unbonded to the first optical film, the first and second films being
bonded at a position separate from any attachment between the stack and either one of the

illumination unit and the display unit.

35. A system as recited in claim 60, further comprising a control unit coupled to the

display unit to control an image displayed by the display unit.

36. A system as recited in claim 60, wherein the display unit includes a liquid crystal

display layer.

37. A system as recited in claim 62, further comprising an absorbing polarizer layer
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bonded at a position separate from any attachnment between the stack and
either one of the illumnation unit and the display unit. 35. A system as
recited in claim®60, further conprising a control unit coupled to the
display unit to control an imge displayed by the display unit. 36. A system
as recited in claim®60, wherein the display unit includes a liquid crystal
display layer. 37. A systemas recited in claim®62, further conprising an
absorbing polarizer. |ayer. 20 0o .view ng si.de of t.he liquid crystal

i spl ay. TR rEvinepds TR iopy raPte okl S e R ePopring ol Suf R P
i quid crygd ot théllignd aiystabdisplay Bfer. A | i ght managenent fil m package for
managi ng |ight within a display between a backlight and a display el enent,
conprising: a first |ight managenent optical filmhaving a first surface;

and a second |jght nt _optical i1l I S . th I.J tical
film the sec% d dgﬁ?@%%?ﬁn}ﬁnﬁﬁlﬁ ﬁ%Ckaéeff:g}r &aﬁ& rgfelg%hg%ﬁélﬁlc?eagséléy l{selg“ée ir st
surface obacklightfahd & Hisplay eledlent, Eorhpfisiig: @ zer o- gap bondi ng neans for bonding
the first and second optical films together, a center view ng portion of

the second optical #firshlight managemgninpbier didm hewng pdirgtisyrdace; andt i cal film the

zero gap bond neans ' fil : f .
backlight. 39. A | iag%?&nggﬁg{g%ﬁ%ﬂ??tlO%E%g(f:i%gggig%ra%rq}%rr#éégﬁ%bgﬁ%ﬂr@%thtehi n a
di spl ay bet weeddcénd dptick filgHaviapd figst dinfaek bynded esrthetfirstaarfiveiof thedfirstaopsitadck of

at least first_and second qu%ht nmanagenent, o&%i cal filns having respective
first and seclaubys zaww-gap bonding meang qr@ﬁﬂ%ﬁ& dirst gperegond eptie itoggthsF.ea,

zer o-gap bond . I i il opti cal
filnms being dias{)%l%gglew%) Oé}i{éi?laéeée%: ﬁ@ %ﬁ%}?ﬁgﬁ ?gygrﬁb%ﬂggmﬁgggﬁ?ﬁas, t he
zero gap bond spisalsilmothelzerndap hoidvaedns net bonding tisefietahdfsedond films totke

backl i ght. 21 backlight

39.  Alight management film package for managing light within a display between a
backlight and a display element, comprising:

a stack of at least first and second light management optical films having respective first

and second viewing areas in alignment to form a stack viewing area, zero-gap bond

means for bonding films between the first and second optical films being disposed only

outside the first and second viewing areas, the zero gap bond means not bonding the first

and second films to the backlight.
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