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the light-management film can cause unfocused images (e.g., blurred images,
distorted images, and the like). Typical inspections by either human or cameras are
not thorough enough to reliably capture all relevant defects in a given light-
management film sample. This includes inspecting the film under a restricted

(limited) set of viewing and lighting angles.

What is needed in the art is an improved system and method for inspecting a light-
management film. More particularly, what is needed in the art is an improved system
and method for inspecting a light-management film comprising a light-redirecting

structure.
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second plate surface to the first plate surface; and an overhead light source disposed
proximate to the first plate surface, wherein the overhead light source and the
backlight source are disposed on opposite sides of the working plate, and wherein the
overhead light source is capable of acting as a reflective light source such that

reflective light can be reflected off the light-management film when the light-

management film is disposed in physical communication with the first plate surface.

One embodiment of a method of making a light-management film comprises forming
a light-management film comprising light-redirecting structures disposed on a surface
of the light-management film; inspecting the light-management film, wherein
inspecting comprises reflecting light from an overhead light source off a first side of

the light-management film and examining the light-management film for defects;
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Figure 1 is a schematic illustration of an embodiment of an inspection system for a

light-management film.
DETAILED DESCRIPTION

It should first be noted that the terms “first,” “second,” and the like herein do not
denote any order, quantity, or importance, but rather are used to distinguish one
element from another, and the terms “a” and “an” herein do not denote a limitation of
quantity, but rather denote the presence of at least one of the referenced item.
Furthermore, all ranges disclosed herein are inclusive and combinable (e.g., ranges of
“uyp to about 25 weight percent (wt.%), with about 5 wt.% to about 20 wt.% desired,

and about 10 wt.% to about 15 wt.% more desired,” is inclusive of the endpoints and
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et al. More specifically, the base film material of the light-management film can
comprise, acrylics, polycarbonates, phenolics, cellulose acetate butyrate, cellulose
acetate propionate, poly(ether sulfone), poly(methyl methacrylate), polyurethane,
polyester, poly(vinylchloride), polyethylene terephthalate, and the like, as well as
blends, copolymers, reaction productions, and combinations comprising at least one

of the foregoing.

The optional curable coating can comprise a curable composition, which generally
comprises a polymerizable compound. Polymerizable compounds, as used herein,

include monomers or oligomers comprising one or more functional groups capable of
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5,271,968 to Coyle et al., 5,468,542 to Crouch, 5,626,800 to Williams et al., and
6,280,063 to Fong et al., as well as U.S. Patent Application Publication No.
2003/0108710 A1l to Coyle et al. For example, suitable methods of disposing the
coating on the base film include, but are not limited to, spraying, brushing, electro-

deposition, dipping, flow coating, roll coating, gravure, and screen printing.

In other embodiments, the light-redirecting structures can be formed by hot-
embossing the base film. For example, the method can comprise heating the base film
to a temperature sufficient to soften the base film, and embossing the desired structure

into the base film. It is noted that roll embossing, stamping, or the like can be
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source 18. In yet another embodiment, the backlight source can be a liquid crystal
display (LCD) backlight assembly, such as those used in computer displays, with the
light management films removed and replaced with the work piece (e.g., light-

management film 22).

During inspection, the work piece, e.g., a light-management film 22 comprising a first
light-management film surface 24 and a second light-management film surface 26
comprising light-redirecting structure(s) (hereinafter referred to as a light-redirecting
surface 26), can be disposed in optical and/or physical communication with the first
plate surface 14 of the working plate 12. Generally, the working plate 12 comprises a

size and shape greater than or equal to the overall size and shape of the light-
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understood that any reference point relative to the light source 28 and the light-
management film can be employed to position the light source 28 such that the light

source 28 is capable of acting as a reflective light source.

For example, in an embodiment, the overhead light source 28 is positioned relative to
the light-management film 22 such that the overhead light source 28 is disposed a
distance, “d;”, up to about 2.0 feet (ft) (about 0.61 meters (m)) from an edge of the
light-management film 22 in a horizontal direction (e.g., in the “x” direction) and a
distance, “ds”, up to about 2.0 ft (about 0.61 m) from the edge of the light-
management film 22 in a vertical direction (e.g., in the “y” direction). More

particularly, the overhead light source 28 is disposed a distance of about 1.5 ft (about
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viewer 32 is positioned rel ative to

efnibgfim antsn dightndiffusifi partizlesge Ibetlﬁlb?ddféflé@t@e film to give the film
light-diffusing properties (e.g., bulk light-diffusing films). In yet other embodiments,
a combination of both methods can be used, i.e., both imprinting a texture on the

surface of the film and imbedding a light-diffusing particle in the film.

In an exemplary embodiment, the working plate 12 can be selected to model the light-
diffusing properties of a “bottom” light-diffusing film employed in a backlight display
device. More particularly, the working plate 12 can comprise a haze value of greater

than or equal to 90%, more particularly a haze value of greater than or equal to 95%.

It is noted that the percent haze can be predicted and calculated from the following

equation:
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16w bPighthess ﬂght source can include, but is not limited to, a light emitting diode

(LED). It is noted that the backlight source 18 can be a source of transmission light
(e.g., light passing through the light-management film), whereas overhead light source
28 can be a source of reflective light (e.g., light reflected from a surface of the light-

management film).

In an embodiment of a method of inspecting the light-management film comprising
the light-redirecting structure(s), the method comprises 1) inspecting the light-
management film at a viewing angle of about 0° to about 90° in the “x” direction
and/or the “z” direction using reflective light when the light-redirecting structures are
facing upward (i.e., in a direction facing away from a viewer); 2) inspecting the light-
management film at a viewing angle of about 0° to about 90° in the “x direction

and/or the “z” direction using transmission light when the light-redirecting structures
9
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integrated transm ssion; and the total diffuse
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scattered by the filmas defined by ASTM D 1003.
Further, the working plate 12 can desirably be a
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repeating defects in multiple I 'ns can be identified.

ttiBaokder gift thessusteps £8n avady d@mrtdelmj ohj don exaupleetheggivem human

I ncl ude ht d_lI
A BEHHEBBSH e M Shobrh SHLREER PO bR ROR gkt e i
nQH&H that edfodirhéHité 88 dnQisiches Mhdre@ ol @%}t-fnhai@g@ﬁ@ﬁ film is viewed
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sourc can be a source o
dﬁréét[tﬁfﬂn&ﬁd Odfedts @5\1’5 bé édetified icginpared g6 ivivgyih tiouiphtirhanagement
i ght - managenent film, whereas overhead |ight source
ﬁil@ apdningesingle dUeetonof reflective light (e.g., light
reflected froma surface of the |ightmnagenment film.

nh'%m%%ﬁfﬁ’ijénﬁm%rn?% sfepl®1.DOgr Qfic 1iNGRBESH RSethdE the first light-

t - managenent I'm conprising the |ight-redirecting
nsatnagmmﬁemlaj suttfive thoﬂemairpm}sémt 11)e lﬁnsé dight-nragagemeent film

sg{lﬁqﬁ n’gogg%ng}r;{téyf Glmrqn dine eY:ltaY\\lllsrﬁ%n 9 1\%1 1cu]ar?}9,u{he ﬁrs? light-
management film surface 24 can be disposed in physical communication with the first
plate surface 14. In steps 3-4, the first light-management film surface 24 is oriented
such that the first light-management film surface 24 faces toward the viewer 32. In
other words, the light-redirecting surface 26 faces away from the viewer 32. More
particularly, the light-redirecting surface 26 can be disposed in physical
communication with the first plate surface 14. In step 1 and step 3, the backlight
source 18 is “off” (i.e., backlight source 18 is not transmitting light) and overhead

3

light source 28 is “on” (i.e., overhead light source 28 is transmitting light).

Conversely, in steps 2 and 4, the backlight is “on” ant the overhead light is “off”.

Without being bound by theory, when the backlight source 18 is “off” and the
overhead light source 28 is “on”, the position of the overhead light source 28 relative

to the light-management film 22 allows the overhead light source 28 to act as a

10



and/or the "z" direction using reflective |ight when
the light-redirecting structures are facing upward
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in the "x" direction or the "z" direction, it is to be
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i'on nore def ec S can i dent
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a single direction, In an enbodj nent, during steps 1-
oy ot FRSEE PN GV IREM e -4 Y HiE Agis Bpal o the
hlgh _ﬁ%ﬁé&%@ﬁgﬁgﬂ is oriented such that the first

nagenent filmsurface 24 faces away fromthe
viewer 32. More particularly, the first
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indpecting B2. light- lml*nieﬁmwmtr tikn canefurthegh eompidser é@ﬁﬁlfyglg the defect
accor(fh%ge[ozt?fpg %% seve ¥ fl(/l%re 53 ﬁlc¥1'aﬁ¥>F(let§2reg£4&E %o defect type, a

defect can be characterized as a handling defect, a processing defect, and the like.
Furthermore, it is noted that processing defects can further be characterized as a

repeating defect and a non-repeating defect.

Without being bound by theory, repeating defects can occur when a rotating
processing roll used in making the light-management film has a contaminant thereon
(e.g., a piece of dirt, and the like) and the contaminant contacts a surface of the light-
management film. Additionally, repeating defects can also occur as a result of
hardware defects, e.g., a worn roll, and the like. It is noted that repeating defects can

be reproduced at predetermined distance intervals on the light-management film. For
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particularly, the light-redirecting surface 26 can be
di sposed i n physical communication with the first
w@bk@be3gus face 14. In step 1 and step 3, the bBCRUSIYNE/033561
source 18 is "off (i.e., backlight source 18 is not
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defects over d e o bot
dersiming Fog Py P oe draopry S HyEr defbeL v ZRniling S s, the
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wherein the vi ewer can onlé det ect defects
C
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nor managenent fil
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nd/ or ruler as descri bed above. Having.

processmg conditions as described above (e.g., repeating defects caused by a
contaminant on a processing roll). The defects can be grouped according to the type
and severity of the defect, and mathematical analysis can be employed to correlate a
given type and severity of the defect to a given processing condition. Having
identified the root cause of a given group of defects, the processing condition can be
modified to mitigate/eliminate the given group of defects. As such, a higher yield of

light-management films can be obtained when compared to traditional systems that do

not use an inspection method to modify the processing conditions.

In an embodiment, intentionally designed experiments are run to determine the root
cause of a given type and severity defect. Having correlated the given type and

severity defect to a processing condition(s) (i.e., having determined the root cause of
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determ ned the | ocation of a defect in the
i ght -managenent film the nethod of inspecting the
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the defect according to type and severity. Mre
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defects include a black spot, a white spot, a scratch,
orange peel, air bubbles, flakes, black/brown region
on the filmsurface or in the film and the I|ike.
Havi ng determ ned the | ocation of the defect(s) in the
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defect(s) in a first filmto the location of the
defect(s) in at least a second film By conparing the
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mat hemati cal analysis (e.g., statistical analysis) can
be enpl oyed to
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t he processing condition. EXAMPLES In thls exanpl e, 13
di-fferent—typesof defects—havrebeentdentitied—Fabte
MuRowed An obvious gray line.

Shadow Band A broad shadow area across the patch.

Imprint Shadow indent with irregular shapes.

Ripple Elongated deformation or waving

Others Anything not listed above

In contrast to the inspection method disclosed herein, traditional inspection methods

generally detected only 4 of the above identified defects (Point Defects, Bend,

Scratch, and Smudge/Bruise/Dirt). For example, a traditional method of inspecting a

14
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(%g qgffﬁﬁﬁl@ﬁ]ﬁ@ﬁ sgvu@éfr TuriedSork 2088 s?iteﬁ'i' a Hﬂtlﬁﬂ%slﬁﬁ/s the

bot’h irection and the di rection
vmh to dm«:ca ddécsatver @mdmngebémewmg:mmlmne dothothg yx't direction

q}f ds wher el n he vi " b r%”/ Flgt ect defects tems
IRy AF Sshrgots GiiESs G2 b8 Uelesfel Fhipaii Pes
aﬁ@ﬁi@%od& QHeR8n kHegﬂEwéWd%ﬁ%fSeﬂ‘étecfﬂdef@cts dRreey&ilar idieing angle

I nspection nethod can be used to track the root cause
(of., tthe/iehghg canghnchorhel épytheoligityngnegeraedi ik ondorsayas the

v0|d ur.t her. def ec Ie the i s, be
BB A7 o BreBnsotreeh bivipl bl ol A R Bllreby
middeR §Rdcesdihg VoilditidiR tolBviad Firared dbf¢ctshose Skl lled in the
art that various changes can be made and equival ents

can be substituted for_elenents th reof without
Vﬂl@tﬁaﬁhq ﬁgveppl@qnl'{ap,éaeg%dbécr&e + Wath; @ﬁrlaqeopp seyeral embodiments

it b SHd §yF BhEOBSinER ﬁfat tvﬁl‘uﬂﬂao‘?itanfes can be

particu Si uatlon or materia e t eachi ngs of
nidde ahd ‘eqmtvakamswnat\ fbe lstlbsﬂimperi forrﬁjelﬁemm}ter@f edthent dedarting from

scope thereof. Theref it isi led th
URHAFBIE P RIS GeTsom, | A BoPoMeS T ETRCaS Fro i B pept
p%ﬁﬁiaﬁ%ﬁgatﬁﬁl Lihmakeat tdmaeteﬁaﬁﬁgsrmf axeegwfamonca«thmn&pamng
out is 1nvention, but that the invention wl
fiiont thedessaltial mdpodherecpﬁ sTheagforeagt is intended that the 1nventlon not be
limited to the particular embodiments disclosed as the best mode contemplated for
carrying out this invention, but that the invention will include all embodiments falling

within the scope of the appended claims.
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wi thin the scope of the appended clains.Wiat is
clainmed is: 1. A nethod of inspecting a
wo e@ab39mhagenent film the nmethod conpri si ng: PCT/US2005/033561
reflecting light froman overhead |ight source off a
first side of the Iight-mnagenent film and exam ni ng
the |ight-managenent filmfor defects; directing
Whatissdigeidasi | i ght from a backlight source through a
second side of the Iightmanagenment filmto the first

Z'e ?I: Ataﬂgth%?fq %Hﬁgqﬁ g]?}lo%ﬂ {éﬁgﬁ%%ﬁ J{g dfcgﬁ}pnsmg

source of f the second side of the |ightmanagenent film
rediRdtigx Aghtrfrony ah heetheghlightanage mﬁm fifst kide fod thedlegleanasagement
di recting traanssmn i ht fr Pe backl i ght source
ﬁhﬁ@ﬂ‘@l@%‘@?‘ﬁ@’gﬁ ¢ Sghigpepasgp ’Fth@m OQF}F lCfidnagement filmto
the second side and examining the |ight-mnagenent
dfrﬁétﬂ{gft&hsﬂﬁgi%ﬁt@ht £64 ar@a@'ﬁwgm BB biR6@dt Pfcehd a3¢ bf &E light-
xam ned defects in the |ight-managenment film
mﬁhegermmnhcfdrmto Gheaifimst 1sideviand esxaméndngrithe dight-inanagement ﬁlm for
t: ht - managenent fil m conprises view ng the
defedlfit - managenent fil mover a viewi ng angl e of about 0
to about 90 in each of a horizontal direction of the
réﬂe@ﬁﬁg MRagRAE Mhe fovkMeah dight deth off tieckéond &didd be the light-
i ght-managenent film 3. The nethod of Claim1,
nfamgemqnt fibmpnd skamgininedbe jightrgnagsmnidiin fos dglestsi ned
defects. 4. The rret hod of Caim3, further conprising
r

GG AR BRSe BSUBRT b8 doRET R ThEafle of the
light-agagertehofllnfto Gleadentnd yvilenad rxirming Gletlighenmgegeamnt film
filmconprises a lightredirecting structure di sposed
fgifefests; pnd st surface of the |ight-managenent film 6.

A system for inspecting a |light-mnagenment film the
nTESIrEIP LIOBRIInSIMREeh & O EXdnidePlidteats %Pﬂ%ﬂigﬁt-ﬁﬁn@%fhiehﬁﬁlm

pl ate surface and a -second pl ate surface; a backli ght

source di sposed proxi rrate to the second plate surface
2and iTheopethod| of Claim 1, wherein examining the light-management film

comprises viewing the light-management film over a viewing angle of about 0 °
about 90° in each of a horizontal direction of the light-management film and a depth

direction of the light-management film.

3. The method of Claim 1, further comprising classifying each of the examined
defects.
4. The method of Claim 3, further comprising comparing the classified defects to

a predetermined set of defects to determine the cause of the defects.

5. The method of Claim1, wherein the light-management film comprises a light-

redirecting structure disposed on the first surface of the light-management film.
6. A system for inspecting a light-management film, the system comprising:

a working plate comprising a first plate surface and a second plate surface;
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conmuni cation with the working plate, wherein the
backl i ght source is capable of acting as a
WO e@n®sa1ssi on | i ght source such that transnm ssPORUE100$1033561
can be transmtted through the second plate surface to
the first plate surface; and an overhead |ight source
di sposed proximate to the first plat urface, wherein.
atitaekleghe rneieq 4isRptied é’é%?fl@éteaWdﬂleh@CB%‘gIP igRPiasy 'f"&‘g iy ogtical

c%n’cl‘legi%gﬁj?rﬁgvitﬂptﬂg%&girﬁ%: }g%t%, el 1ChAckNBhtPL A& is8dPable of

nerein over hea source Is capable of acting
a@mgaasr £frhestiibsien lighthdous@usuck tisatcransinassiondfghe can be transmitted
light can b efletedq%ffth Iilgtman genment film
thypigh thegecop H{al%%\ﬁgag%% ¢ Tirstplaty SUTACE#¥ed i n physi cal
conmuni cation with the first plate surface. 7. The
i i i ' afd QuirfRBPWh&SH the
P R B A e B e,
ovdrbeadi light lseurwo akd tiae picktightcommei ase dispossdaineoppsiterpides of the

systemof Caimé6,. further c L Sing_an overhe .
woHghE Tite+ df eperdin ot Ebad T Sofitect BRRERCaging.es o
réfebtivd igho\ehReashchi Gt refldtivd Nizhs y@henr atflédta@l ofb the light-

further conprising a working plate support_disposed in .
nphygsneal  Gamwhiee atheodighi-manegenmanh gfijn aise . disppsedn in  physical

net hod of I 4 - agenent film the nethod
C%WEFV&F%%F6]?erqnﬁr%tgp]3g1rkﬁlﬁfrﬁ?e?rranagerrent film conprising

light-redirecting structures di sposed on a surface of
7t he IThgRystenEyCiants, fwhersin rsperking platdheomprises light-diffusing

I'i ght - managenent film wherein inspecting conprises
PF@ETIEEt i ng | i ght from an overhead |ight source off a

first side of the |ight-mnagenent film and exam ni ng

the Hi @,‘Eﬁi’% ke K e cOnpR&dsia@ale.

St r angpnggiésﬁé(;ﬁ%?i ght rgf’rvfyr(#e? %%&#F%%ﬁ%gﬁggg t hrough a
second side of the |ightmanagenent filmto the first
9si de TamdysgandhChgmtt dutthegheommaisingesre Averhgddnlighgrdiffusing film

JE5e0a7 bpred FeabimiOLih B RS YRl ranagenont

10.  The system of Claim 6, further comprising a working plate support disposed in

physical communication with working plate.
11. A method of making a light-management film, the method comprising:

forming a light-management film comprising light-redirecting structures disposed on

a surface of the light-management film;
inspecting the light-management film, wherein inspecting comprises

reflecting light from an overhead light source off a first side of the light-management

film and examining the light-management film for defects;

directing transmission light from a backlight source through a second side of the light-
management film to the first side and examining the light-management film for

defects;
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filmand exam ning the |ight-mnagenent filmfor

defects; directing transmssion |light fromthe
whawkiosgms source through the first side of theCT/US2005/033561

I i ght - managenent filmto the second side and exam ni ng

the |ight-mnagenent filmfor defects; and rreasuri ng a

| ocati on of each of the exam ned defects in

r¢ﬂegmlg ﬁﬂhh@@ﬁ%ﬁ]@e pveibead lighs soyre et Me é%zmir%e of the light-
fects f

Hba:%%%eél%eé? ]rvhfﬁe se o# %kgl?t'lh%ﬁa% lgt@rf?nﬁjtn@rp e cause of
the defects; and nodi fy| ng a process condition in the
dfr@cftiﬂgntgarﬁﬁnishﬁ] liglghfrerretha gaodipght fsolmee basegh dine filst side of the
conparing of _the classifjed defect to e ..
lighteganagemepting & t}@rsea@atdesg% aanxalwalsw@ﬁ Risdt-Brenggegep Him
forlaerddhengi N exam ning the |ight-management film

conpri $es viewing the light-mnagenent filmover a

viewi ng angle of about O to about 90 in each of a
nieasuringrit latatinrod cadhoot thé exdmaingd défectrimihg dightvmanigemeantlm;

a depth direction of the |ight-nmanagenent film

classifying the examined defects;

comparing the classified defects to a predetermined set of defects to determine the

cause of the defects; and

modifying a process condition in the forming of the light-management film based on

the comparing of the classified defect to the predetermined set of defects.

12.  The method of Claim 11, wherein examining the light-management film
comprises viewing the light-management film over a viewing angle of about 0 ° to
about 90° in each of a horizontal direction of the light-management film and a depth

direction of the light-management film.
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