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15 Backlit display devices, such asg liquid crystal
display (LCD) devices, commonly use a wedge-shaped
lightguide. The wedge-shaped lightguide couples light
from a substantially linear source, such as a cold
cathode fluorescent lamp (CCFL), to a substantially
20 planar output. The planar output is then coupled to
the LCD.
The performance of a display device is often
judged by its brightness. From a subjective standpoint
relatively small increases in overall brightness are
25 not easily perceived by the end user of the display
device, but it is possible to measure relatively small
increases in brightness objectively. While not
directly appreciated by the end user, a display with an
objectively measured increase in overall brightness of
30 only a small percentage, for example, perhaps as little
as 1 percent, is perceived as being significantly
better by the designer of the product using the
display. This is because the designer can allocate
less power to the display device, yet still achieve an
35 acceptable level of brightness. For battery powered,
portable devices, this translates to longer running
times.
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therefpre reduce op..a I S bright nzss. i ght gqui de i nprovenents have al so
contributed to inpfd il 8ﬁtﬁ §8 ¢ ‘H?"se% By Bevecetfichepitdy|
|i ght gui des exsiagt the ghiglly tiatf isi availrdlenyibriBOtenmreedyby geometric
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structures are frequently used to direct light that
would otherwise not be viewed along the viewing axis.
A typical flat panel display device may use several
20 different films to provide an overall bright, high
contrast display with substantially uniform output
along the preferred viewing directions. Surface
diffusers or bulk diffusers are sometimes used to mask
defects in the output of the lightguide, but most
25 diffusers scatter light from the viewing axis and
therefore reduce on-axis brightness.
Lightguide improvements have also contributed to
improved brightness in display devices. Typical
lightguides extract light by diffusion and may be
30 enhanced by geometric recycling. Light rays entering
the lightguide encounter diffusing elements, typically
a pattern of white dots applied to a surface of the
lightguide, and are diffusively extracted by scattéring
from the lightguide. Other light rays are totally
35 internally reflected within the lightguide until
encountering a diffusing element. ILosses are
encountered in these processes, and because the light
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15 lightguide, at a glancing angle to the output surface.
To be useful for illuminating a display device, these
light rays must then be turned substantially parallel
to a viewing, or output, axis of the display device.

syst ens,
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This turning is usually accomplished using a turning
20 lens or turning film. ' : '

A turning lens or turning film typically includes
prism structures formed on an input surface, and the
input surface is disposed adjacent the lightguide. The
light rays exiting the lightguide at the glancing

25 angle, usually less than 30° to the output surface,
encounter the prism structures. The light rays are
refracted by a first surface of the prism structures
and are reflected by a second surface of the prism
structures such that they are directed by the turning

30 lens or film in the desired direction, e.g.,
substantially parallel to a viewing axis of the
display.

Lightguides, and their corresponding illumination
systems, that operate using the principle of frustrate

35 TIR are often referred to as one-pass backlights. This
is because the light exiting the lightguide is not
redirected back to the lightguide as is done in a
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and/or the back side reflector. This reflection, or
recycling of light rays, causes the cavity to become
brighter, as more light rays of the proper angle
orientation and polarization are emitted.

20 SUMMARY OF THE INVENTION
In accordance with the invention, an illumination
system including a lightguide that operates under the
principle of frustrate total internal reflection
includes optical elements and combinations of optical
25 elements for enhancing the apparent brightness of the
lightguide.
In a first aspect of the invention, an
illumination device includes a light source and a
lightguide coupled to the light source. The lightguide
30 is arranged to extract light by frustrated total
internal reflection. A turning film is coupled to an
output of the lightguide and is arranged to redirect
the light rays from the output surface of the
lightguide through the turning film. An optical
35 element is coupled to the turning film, and the optical
element includes an optical structure that transmits
light rays having a first characteristic and reflects
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| i ght gui de. The J.i ght gui de_oper.at e nder _the,principle_of 15 frustrate
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!ightgyideh% (?é]r%e 2§first é)lari ation. In still other aspect of the
i nvention, a ?"%‘ BN RRRET VY B tﬁ§§spﬂ‘Pcél%]l%rﬂaf2y devi ce, wherein
t he18i spl ay Beustsatensbigdsinternpl geflpstipndfep|directing light :
rays from a light source through a output surface. A o
reflector is coupled to é back surface of the
lightguide. The reflective polarizer transmits light
rays having a first polarization and reflects light
20 rays having a second polarization. The reflected light
‘rays are reflected through the turning film and into
the lightguide, and at least a portion of the reflected
light rays are reflected by the reflector at the back
surface and reemerge from the lightguide having the
25 first polarization.
' In still another aspect of the invention, a method
of enhancing brightness in a display device, wherein
the display device includes a liguid crystal display
assembly and an illumination source, and the
30 illumination source has a lightguide that extracts
light rays according to the principle'of frustrate
total internal reflection, includes the steps of -
injecting light rays having a first polarization
orientation and a second polarization orientation into
35 the lightguide at an input surface; turning light rays
exiting an output surface of the lightguide to a
direction substantially normal to the output surface;
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BRI EF DESCRI PTMIdL:CiEa'EIﬂEnWrME&iBQ;Taﬁdnﬁ%ﬁﬁ\&ﬂhggﬁﬁe%él ures of
the present i e]fri'(gnr |’5| become apparent to one of ordi'nary skill in
the art fromthe Tollowng detail ed description of several preferred
enbodi nents of the invention with reference to the attached draw ngs

wherei n |ike 15 ref er enc epriuFehBscrRY N be ﬁ#emﬁl ts throughout and
in whiygh: Fig. 1 igya gehempiic illustr tég\ of a display device; Fig. 2
is a schematic illustration of & dspra RS 8L FhaddRstitce with a
preferred embctHRNHLOBf Wihe besamee appanerhntticommerof. oBdimary peiEgpect i ve
view of reflecii he potariaprtialifoabbaideradisiiod hhgcAinlay fevice
Ilustrated infdda)?hréfelldh dhiblileRS] PG Srvosii Sl (1,2 ternati ve
reference to the attached drawings wherein like
15 reference numerals refer to like elements throughout
and in which:
Fig. 1 is a schematic illustration of a display
device;
Fig. 2 is a schematic illustration of a display
20 device in accordance with a preferred embodiment of the
present invention;
Fig. 3 is a perspective view of reflective
polarizer suitable for use in the display device
illustrated in Fig. 2:
25 Fig. 4 is a perspective view of an altermative
reflective polarizer suitable for use in the display
device illustrated in Fig. 2;
Fig. 5 is a schematic illustration of an
illumination device adapted in accordance with an
30 alternate embodiment of the invention;
Fig. 6 is a schematic illustration of an
illumination device adapted in accordance with an
alternate embodiment of the invention;

Fig. 7 is a schematic illustration of an
35 illumination device adapted in accordance with an
alternate embodiment of the invention;
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devi ce adapt edfl ferredrorafdiedément hofinthealirsrenxtienenbndi nent of the
invention; and Figr i i ;& aCheABhACd 1143 hk9Bn0bsa, S 111 um nation

devi ce adapted, jn accaordance.with_an alternate enbodi nent of the

i nvention. DETAMEFPRSERASYEER 2antqed SprecoRESPERBOBNENTS 10 The
present i nvemliernatealexbodimdnt nof etlss isfventdwnral preferred enbodi nents,
and particularly, in terns of a turning filmsuitable for use in a backlit
illum nation device typicall ¥ used in flat panel display devices, such asa
| apt op conput RFTRFLER RESGRIRTION QF | FHE, REEREMBORBMENTS The i nventi on,
however, is not so limted in application and one of ordinary skill in

the apt will approgldalbhdsnt bhvORtidiPRld GRLLO0LLE sY 1Ll lox any optical

system for exanple, to _projection screen devi ces an at panel

tel evi si ons. 2BV AGLerrefeepredimnents . c ApddPaEhiculnmlar Bad herein

shoul d not beté¢zkerniasn [turhihggf bim tdhe tabdad feeopee ofn 4 hadkayenti on. Wth

reference 10 Hfimthadidll @Rlva¥e ybfeatil) USLhALRINLL phdful Ui 1aver 1guid
crystal dISplgyépf§§ é%?%ggtysééﬁ asJé:lag%%plggmgugééidigglayngaglZer 14, a

15 desktop flat panel display. The invention, however, is
not so limited in application and one of ordinary skill
in the art will appreciate that it has application to
virtually any optical system, for example, to
projection screen devices and flat panel televisions.

20 Therefore, the preferred embodiments described herein
should not be taken as limiting of the broad scope of
the invention.

With reference to Fig. 1, a display 10 is

illustrated with a multilayer ligquid crystal display

25 assembly 12, which may include a front polarizer 14, a
glass layer 15, a liquid crystal layer 16, a glass
layer 17 and a rear polarizer 18. The display 10 may
also include a display illumination device 20 that has
a lightguide 22, a light source assembly 24 and a

30 turning film 26. The light source assembly 24 may
include a cold cathode fluorescent tube (CCFT) light 28
disposed within a reflector housing 30 adjacent an
input surface 32 of the lightguide 22.

The turning £ilm 26 has an input surface 34 formed

35 with a plurality of prism structures 36 disposed toward
an output surface 36 of the lightguide 22. Disposed
adjacent a back surface 38 of the lightguide 22 is a



glass layer 15, a liquid crystal layer 16, a glass |layer 17 and a rear
pol arizer 18. The display 10 may also include a display illum nation
device 20 that has a lightguide 22, a light source assenbly 24 and a 30
turning filWPE25¥/he |ight source asseibly 24 may: incl uRETESIBME0Cat hode
fluorescent tube (CCFT) light 28 disposed within a reflector housing 30

adj acent an | 3 fecthe Ijghtguide _22. The turning film 26
has an i nput s%feggﬁégﬁa{ogr_nédglgguﬁﬂ h‘i"g"ﬁg’ubﬁl AESPYTedh Re&WeSPr uct ures 36
di sposed t owar §teabusrinsutfider facendethd Giplhivghsgeileley 22 tBi sposed
adj acent a backasksfaefedt® of hbe-hhieMitdes2? e 31i7g&gu§§@80%é27528
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non-uniPf ormiti €8hThe lightguide 22 itself may be a wedge or slab and/or

modi fications of 5 meshagEhecagoes Cotte ﬂobggatggro%aog,pﬁg F‘ﬁ ngfthe i nput
surface 32 towg % a0 e{gi surfgce 33,.confined_by TIR e |§§ S

extract ed from{" £37% gitt FOMaE9o3n LSRG (IFLRCSL Pon SANEIREITPR TRRray confi ned
within the 10 Fhghtightdds22xtnaceed eirant shanjigheduidecizdenge rel ative to
the plane of thevéera@ingh et tAD ¥Rk | S.a dUe LOnENSq YR ?Lna@ﬁfl:e’ W th each

TIR bo1 nce. Thuys Qe. i%gt ..eventually réfracts out of eac of_ t he out put
surfacé 36 and*fR lb’ralécek urPSERRSRE Pt geelet of sind depngereldtiont ai ned by
TIR The |ight tpethemliang ofit thé tdre amicbotsomfwerl 38 duse ebtéwgs specul arly

or diffusely rqbigst )Y wh 8510 ac ward _and | argely through
the  1ightguida o5 Qo1 wilh Len m?(z}ﬁ&)féggg'rankrgﬁé%"t et TN ght
rays exiting tﬁ‘e’e%m%la‘ty §GFF5‘5§S Bt 25 gR6RGOE e cotpshs swpBaamtial |y

parallel to a pfelrd rtde backwswgtatia 88t benauddieipriaf @br Benyéewi ng direction
may 15 contained by TIR. The light refracting out of the back
surface 38 is either specularly or diffusely reflected
by the reflector 40 back toward and largely through the
lightguide 22. The turning film 26 is arranged to
redirect the light rays exiting the output surface 36
20 along a direction substantially parallel to a preferred
viewing direction. The preferred viewing direction may
be normal to the output surface 36, but will more
typically be at some angle to the output surface 36.
The light rays exiting the turning film 26 are
25 generally illustrated by ray bundle 44 having light
rays of a first polarization orientation (a) and a
second polarization orientation (b). These light rays
are diffused upon passing through the diffuser 42 and
enter the display assembly 12. By normal operation of
30 the display assembly 12, the light rays having the
first polarization orientation (a) are transmitted
(arrow 45) by the display assembly 12 while the light
rays having the second polarization orientation (b) are
absorbed, which is indicated by the arrow 46 exiting
35 from the side of the display assembly 12. Therefore,
assuming no losses within display 10, by design only
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angle to the output surface 36. The light rays exiting the turning film 26

are 25 Q@e\Gimakdsy il lustrated by ray bundle 44 having |j&iseesadys Of a
first polarization orientation (a) and a second polarization orientation

(b). These light rays are diffused upon passing through the diffuser 42
and enter thelflisplthe avaemhbye 1Pighy marsrehtepengt twe of 30 the display

assenbl y 12,%%%& 'igﬁt rregé?l_gggi%ge‘%&a first polarization orientation (a)

are transmt arrow 'Spl ay assenbly 12 while the Iight
rays havi ng the JEEhFeserarrearPen-oriight 2 endidplay el0Gtsor bed, which is
i ndi cat ed byilhestratas 46thxatnalt BbafewmMiguedstdesoil tdespliaspl ay assenbly

12. Therefor g Ne. LS L t-hi i gpl 0,_by design only 8 WO
o1/ 2596 periRgishese) AEPRCREY Hctlidh 3 BBORE g emdede Rl O

| i ght gui de raa@tr3shelavieswdP5 ., VWt hiaeid rayssadohayer FL96. & glagisspl ay 100 is
il lustrated vayér aomiland ayeeatipoideiiarstiale.di epkagisrasaewbl y 102, which

may i ncl ude front .pal arizer 104, | ass . l.ayer, 105 I.qui d crystal
Tyer 106 athracic R n 18 satdy £ IR BChep e Pud e ST S0

al so incl udebas an sighrouitignihdt i dnldBt ceures assenbhasildh andght gui de
112,10a |ighh%ls@lblfﬁﬁlg'i%&fmh.lﬁ114T1|Qéldlﬂé31htﬁd§ou]§:6iangs§éﬁﬂﬂ1' }13;&%; T?(ca:chlT)ghf' ]
source asse i ude at hode flugpre tu i ght
118 di sposedlﬁl\ngjf‘ﬁr?gn % c&éﬁ_%@f@? %oﬁls‘lgonrgesffeta fggeﬁﬁé:%%) ]I surface 122
of the |ight §48deisposedTwathirn nefieghoribongingnl2hpdianentage 124 15
formed with anphtirsddfaye0fl2pr b5NMtké rdHtgRS a&2012di sposed toward an out put
surface 126 of t i.qah i de. | S e diacent_a k surface 128 of
the |ightguide 1 _itg‘lr%’g'rggf-?:é%%érﬁsl%ﬁs?%%dl‘d"flgﬁée?u %‘ﬁcel tsﬁ%‘di sposed between
t he ¥urni ng £rrmed MEitdh@ Phurailipy ,9f prism structures 126

disposed toward an output surface 126 of the lightguide

112. Disposed adjacent a back surface 128 of the

lightguide 112 is a reflector 130. A diffuser 131 is

disposed between the turning film 116 and the display
20 - 102 to masks defects or non-uniformities.

The display 100 may further include a reflective
polarizer 132 disposed between the turning film 116 and
the display assembly 102. The reflective polarizer 132
may be a multilayer reflective polarizer 134 as shown

25 in Fig. 3, or may be a continuous reflective polarizer
136 constructed from a substantially birefringent
continuous phase including dispersed therein a
substantially non-birefringent disperse phase disposed
therein as shown in Fig. 4. The reflective polarizer

30 132 may further be a cholersteric polarizer or a
birefringent film retarder. _

Referring first to Fig. 3, the illustrative
multilayer reflective polarizer 134 is made of
alternating léyers (ABABAB...) of two different

35 polymeric materials. These are referred to as material
*a” and material “B” throughout the following

discussion. The two materials may be extruded together



20 102 to masks defects or non-uniformties. The display 100 may further
i nclude a reflective polarizer 132 di sposed between the turning film 116

and the oy ssenbly 102. The reflective polarizer P}ﬁ%}so 90be a
mul til aye(rjwrégkl?)eééfi ve pol arizer 134 as shown 25 in Fig. or Yy be a

continuous reflective polarizer 136 constructed froma substantially
biref ri ngent aganthaupssaiage el Yol ntb i, SNEESELR T hey GHdtdtiagubstant] ally
non- birefring At gi pgrse hasetdtﬁ?p%s:fd therein as shown in |g. 4, e
reflective po%ar Fz‘é}?‘ @oa HEGEPLY thet HPRE ORBI &F % etildysorateder or a
bi'refringent ##8l Ml bt aanfbmotRetuetehed fapmstediabEegl : B,alldigy ithkustrati ve

l'tilayer re | ¥iPofianhgetated &S e o ternating | ayers
ET}JABA:B,%EY..) o%ltiﬁg adg?fedr%r}k{%?gigol éﬁer‘ir?éf;nat EPF;*S%%&SE are referred to
as material ¥ e’éﬁﬁé e &5 gpe" B tf%‘?%o&”ﬁﬁé@%lﬂ’fﬁm% Ydpgésmssi on. The
two materi al sisayeberesd rinded tbgeltwansdrdrser &3t ibth28 PCTIhU(?OOI 24590

d the resultin ta r . ¢ ria St.r et che
an 0 AL tB QiR HRYE méﬁlﬁf%usﬂgt a n)ogttlﬁég ),,rsé.e)x, of

[ : rate and not stretched
288:%: ggltgl %’%f%?%%ﬁg hol%o%ﬁle%%;?w%q)u@iahe%ﬁ &' Y'). The X axis is 5
referred to asubheatialdiychdderddriegtimn sandethengd’ phdcessi, s Fﬁée%red ]EO as

" taf! | T. | 3l Ve nom.nal index o
ﬁgfraig': ?gﬁv(eﬁi‘ft%ﬁiéggae:%g@ g?"%ﬁlq{%%ﬁﬁ&sﬁﬁ%ﬁg eixaPFy altered by the
T e st T, e "%
lcjn;]i a>r<?aalr ?;tls?ggigrq@g,él@ﬁt i h@f&éﬁ;ﬁ%rti‘ h ( _'i.l 8h Ve one i:geex of
refraction (n=1.88, for  exa {ig{ associ at elg V\Al\f(\{lh 't&ne gfrgf%’ﬂ% direction
and a differ eAESIEFIRIEFIER FRE rsictetshechdireatian aadanpitffenauci at ed

5

1 index of refraction (n=1.64 for example) associated
with the transverse direction. By way of definition,
the index of refraction associated with an in-plane
axis (an axis parallel to the surface of the film) is
the effective index of refraction for plane polarized

20 incident light whose plane of polarization is parallel
to that axis.

Thus, after stretching the multilayer stack
{ABABAB...) the material shows a large refractive index
difference between layers (delta n=1.88-1.64=0.24)

25 associated with the stretched direction. While in the
transverse direction, the associated indices of
refraction between layers are essentially the same
{delta n=1.64-1.64=0.0). fThese optical characteristics
cause the multilayer laminate to act as a reflecting

30 polarizer that will transmit the polarization component
of the incident light that is correctly oriented with
respect to the transmission axis (illustrated as “T").
The light that emerges from the reflective polarizer
134 is referred to as having a first polarization

35 orientation (a).

The light that does not pass through the
reflective polarizer 134 has a polarization orientation

10



with the transverse direction. By way of definition, the index of
refraction associated with an in-plane axis (an axis parallel to the

surface il M is the effective index of refractighudy ane
pol ari ze?%%‘ | I’lCI dent |ight whose plane of polarizati onli 'S 5{3%43 el to
that axis. Thus, after stretching the nultilayer stack (ABABAB...) the

material shops) adzar mfpfaf.»gaﬂ-bﬂetﬁé\cﬁ&stdFtaﬁsﬁr?ﬁageh&?t Wteen laﬁrls (deltﬂ'
e recti gn e 1n e

n=1. 88-1. 64 o) i at th.t
transverse d??’eeé%‘iaé% aggassgﬁﬂ\é\ﬁl ‘R’&t&é’? 5 is Retarct 3 Bet ween | ayers.
are essenti mryenmmwu@dencaum 6hel ided. 4 ffahaesseophichl

characteri Stf&@l@&@ﬁ%e&'i@cﬁﬁbﬁ'&ﬁyﬁhé AgRRL e fRe St r@tSudtd Ghlgecting 30
pol aLi zer thg vg EL t he polﬁrl zatlon GO r’rPonent of the incident
light that i%*%% ’1’°é’ct‘:’|ﬁ;1mbl éﬁ?w‘éﬁr\/ﬁef eGRYEePP LR R HhAshO%on axi s

(il'lustratedfwbly Bgscribed Lnghemudrty emsrigesdf Unitedestaddsective pol ari zer
134 is referpogedto s fsawagmsftﬁétaml%rsh}at b@nwﬁ clpT 18 gn (a). The

|l i ght that does not]gpass fkp; ective ari zer has a
pol ari zat i on® RIS 2t i'GT r?@‘: 117357332’8 ?9,590 (b) that differs
fromthe first p&efrerzangoto Emem.atneﬁie(:a)weLpgharmcér li3te mgyt hi s

pol gpi zat | onm@m@taatshmt%hha %&thrnuton% h@gfﬁxdidié ezﬁ%gflso\rqhggh

result in ref|ec |on of this 9 %q‘ls?&‘reuct re an
mul tilayer rRH “&of"ﬁFFfé? g @ 18¢ FF9° &ibed in commonly
assi gned Uni dasb&tsnm@usparedasmses JI32&e4380t heThié dolmsfirrimgehcehi ch i s
her eby expr@ﬁséﬁ/e | Y IROLALCEhASE 6 ) lesﬁggeaeeleapﬁ &iddyRy to Fig. 4,
reflective pﬁ&g zer 136 ms% 1g|n%lueas tant| réhcontlnuous mat ri x
138 of a bhire q’fﬁ%ﬁ‘la YR PPEICT AP W On r spPRedificgsse8nt i nuous or
di spgérse phasefdarricrhefbithef comgbnomis and disperse phases are
substantially matched (i.e., differ by less than about
0.05) along a first of three mutually orthogonal axes,
and are substantially mismatched (i.e., differ by more
than about 0.05) along a second of the three mutually
20 perpendicular axes. The indices of refraction along
the match axis should differ by less than about
0.01-0.03, while the indices of refraction along the
mismatch axis should differ by more than at least 0.07
and preferably in excess of (0.2.
25 . The mismatch in refractive indices along a
particular axis has the effect that incident light
polarized along that axis will be substantially
scattered resulting in a significant amount of
reflection. By contrast, incident light polarized
30 along an axis in which the refractive indices are
matched will be spectrally transmitted or reflected to
a much lesser degree.
The disperse phase 140 may have an oriented
rod-like geometry as shown in Fig. 4, although other
35 geometries may be utilized. One method for forming the
structure shown is to form the continuous phase 138
into which are included spherical particles of the

11



of the continuous phase is typically at |east about 0.05 and may be
bet ween about 0.1-0.2. The indices of 15 refraction of the conti nuous and

di sperse pheseg7sase substantially matched (i.e., differppyukfmesohhan about
0.05) along a first of three nutually orthogonal axes, and are
substantially m smatched (i.e., differ by nore than about 0.05) along a

second of the fhsperseitiwisey120 fetpendidm, aanaxehen E’c@:e!t@:ﬂhﬁgstﬂé

f t I t th
0010 03, %?Fﬁ““j{;ﬁ“ﬁ’%ﬁ%ﬁr‘i‘*”%”c%n%'n% ostledd Ve SRleRroak < shoul o
I

differ by morePth "é‘ﬁ?t thegted %%F&F&Fﬁﬁ?ﬁlﬂh%esitMa@ 2. 25 The
m smat ch in rebloetbe pdssdbtestal extyinie paet tompeerdd s;ohggrﬁ\lygo@{ fect that

ot dest. 11 ht chadk i aeibudl Gided e B ! helSe Ab3haNt L)y, scat tered

resulting in Eﬁl gni ficant anpunt of I"ect T ot i nci dent
li ght pol arize g Ena8S %“Iichl\fﬁ é’ﬁ' rRElecitive oleri neli Ck35 ar e

mat ched wi | | bass:m rEalllly deacmibéd dsh ebmih&fxifcés%ighgd BnfEh | esser

degree. The di {:_)gtg ﬂk@ﬁ, ente | i ke geonetry as
shown in Fig. § h € ﬁ g\gﬁet%{r%l eé ?ﬁrahgf’% uf’gl‘f"llje‘i}‘ iEnhe net hod
for forning th}éer PésélﬁoWFqI?OFétP@rhﬂm dwntrlerﬁanasc¢)hase 138 into
whi ch 18re i ncl uded qu;ﬂee:n:ungl agidri itRl #3g0f 23 h@leuh\ggtgggag@ USOQd 24590

di sperse phaseg i dinty qggt hyr’gheﬁg’q: Egﬁpl trf %hl g 'f?l‘éa]rmog ?)Ingeone

axis to orient and exte rrca par

structures showhe e’Tr’calnﬁWlﬁ?%’ebe@Spé%FEibe@cﬁl&mer ud@hehblghtmm[\rents to
formboth 5 t hexiuntd mheusuphas eukFacands t hige Ch %ﬂ%bﬁ?d@hfff 40.  The

i z more fully described
o " P A YT Sl iR L O
whi ch here%’iﬁg%?ﬁle gs¥iswing sligschien ofrdien digpiayetemce.

The light rays exiting the turning £film 116 are
generally illustrated by ray bundle 142, are randomly
polarized, and for example, contain light rays of the
first polarization orientation (a) and the second

20 polarization orientation (b). The light rays of the
first polarization orientation (a) are transmitted by
the reflective polarizer 132. These light rays are
illustrated by ray bundle 144. The light rays having
the second polarization orientation (b) are reflected

25 back towards the turning film 116 and the lightguide
112 and are represented by ray bundle 146.

The light rays contained in ray bundle 146 will
re-enter the lightguide 112 and be reflected by
reflector 130 with some portion of this light being

30 randomized in terms of both direction and polarization.
Thus, a portion of these light rays will reemerge from
the lightguide having the first polarization
orientation (a) and are illustrated by ray bundie 148.
The light rays of the ray bundle 148 add to the light

35 rays of the ray bundle 144 adding to the overall
apparent brightness of the display 100. Some absorption
losses occur, and are illustrated by the ray bundle

12



10 Referring again to Fig. 2, the lightguide 112 may extract |ight by the
principle of frustrated total internal reflection as described above. The
| i ght ray00187528i ng t he out put surface of the |ightgui decTiusboa4580 t ur ned by
the turning film 116 substantially along a 15 preferred view ng direction -
of the display 102. The Iight rays _exiting the turning film116 are .
general ly i I?‘%gt MYy PRFaHERdPE Bk reflectdnsorpyarpeenriddd, and for
exanpl e, contveiw féwhif s ldbhtheays i exsitipe ahezatighdgeidentafi on (a) and

t he second 291:89&%3&@& %?a;ghgeag@fl}g{b_(ttsgg%g‘)eit ﬁgia{:a%/%%g he first .

pol ari zation orienfation are transm ) ne re € pol ari zer -
132. These |ight ¥ Sasdovws) pudiratag IR0 sdpilandie egastrwetidmght rays

havi 8g the sectins dicipdalyz a000N Dikentefidrdhdd huneeal 8f hest @b P5 back
towards the r | a I ght gy, d 112 d repr esented by
ray bundl e li:l ﬂl’ e ‘{“:Ag'ﬁ ]lr%'g?sQggﬁtggﬁ'éne%]ibg)lépa?hguéﬁféfilﬁg[(&i an%r re-enter
the |ightgui Bee 19 Bd0-ef | ected by reflector 130 with some portion of
this |ight being &9 stmwdoiinz Bdgi. n51 ethies tafroiagh fdilmetis h@ndheaol ari zati on.

Thus, a port] L r i1 | r.ge from the |ightguide.
havi ng tE\e f%gg%gép%#‘;aére%?étak g'%grg?'?{%n;#a% i]foerr?ﬁ%aré% da%ﬁ %ﬁ% ??‘F‘(Pé’ﬁ‘gt ed by ray
bundPe 148. t4Feing fHilm/xpLlsrtive Pelarmze 20248 Fhe ¢embired i ght 35 rays
gf tlhe ra%Obuaﬁhmd%laddieigeb&ibbep@wﬂdr 2agpﬁ59n5?f)fézgma1%§,sbof L he.
-di splay 100. rptio cGur.,.. an re illustrated by the ray
bundl e” 12 V\Dlﬁpéggg S%r?u%&f} §§§§‘8e %@&rlﬁ%\fe\zlg‘rl,’ AL A% t he
reflective pbrhtesiive pplarjgey 13y dfo thdurmndnre £alm 206t iswght he

| i ght gui de 138 the ecwahsimgbedlhyiltbe dldur@iat i3] Phéyiniciakiizar 108. Fig.

S @ o gokanaHn Sinat L consd i clib oI dpePay 100, Lie
di spl ay 100 Begformed directly onto the reflective polarizer using
radiation or ultraviolet (UV) curing processes. It is
further possible to form the turning prims structure by
embossing a skin surface portion of the reflective

20 polarizer.

Fig. 6 shows a display 300 similar in construction
to the display 100. Like reference numerals are used
to illustrate like elements of both the display 100 and
the display 300.

25 .~ In Fig. 6, the reflective polarizer 132 and the
diffuser 131, as described in connection with Fig. 2,
are replaced by the combined diffuser/reflective
polarizer 302. The combined'diffuser/reflective
polarizer 302 may be formed by lamination of a

30 reflective polarizer 306, such as the reflective
polarizer 132, to a diffuser 304, such as the diffuser
131. As described above, various alternative
manufacturing methods, such UV curing or embossing may
also be used to form the combined diffuser/reflective

35 polarizer 302. The diffusive properties of the
diffuser/reflective polarizer 302 may also be
established by the inclusion of diffusive particles in

13



the display 200. As shown in Fig. 5, the turning film116 and the
reflective_polarizer 132 are replaced by the conbined 10 turning
filmrefl e®OWE™ Y ari zer 202. The conbined turning fil nPEHYSBR4PY e

pol ari zer 202 may be formed by |lamnation of a reflective polarizer 204,

such as the ref QY I zer a.a tucning film206, such as the
turning film ]a.’%GEG%}f'eJ?a at i \%‘EI ??’ebge'éﬁ]%éltnlé’ewptoﬁraﬁgﬁrr%‘f Btive pol ari zer,
the turning fPFAVARIRR 1R PE dbffuaive pertiglenstentchaheef | ective

pol ari zer usi mgfleatiws igla@izelk-traviolet (W curing processes. It is
further possible tg.for turni ri structure b enbossi ng a skin
Pido T tus A 81%1%&4{;831' féf“.ﬁﬁ:gl.m FfREcEiaRspl ay 300

surface portion of the reflective -
simla in cof®t FRetdeiPlayo 108e dle asefro®ncei kemersdbs enee usederal s are

used to illugbralBusidereeerRnesentidtdE Haendiae! &ysdif, %@? ahge display
300. 25 In Fi QheGai%ﬁar#qdoective pol ari zer 132 and the ~“diffuser 131, as
descri bed in connection wth Fig. 2, are replaced by the conbined

di ffuser/refl ecti vER gti%r izethgOpurming dGapi ndd. dilié¢ ussilecefivect i ve

pol ari zer 302peRyrbeed ArIEAnEY thardNehisr 9512 2305 TRfdeGkkye;Rol ari zer

306, guch as %Igﬁsrgfla%cet ir\éelgol gri')zetr 132, .to a djaffuser 304, such as the
di ffuser 1317 As Gestri bed above Y VAl GTEPAPEE REEISAF 4%&nuf e uri ng

met hods, suchceowbined rejl emengn6s say) beforakdobpelamsisthtiiagf or m t he comnbi ned

di ffuser/refl eshb¥Resn RRIrALLECEi BR2A04TNEudh Ia)s's{x‘./&ir}{goﬁ?nahi gpgOf the
she

o O T Fust ve BarprEeRal h 202 W6 1300000 B33 B easaue’ an outer
| ayer of the Pelpet?ew 3ol apfzerdbifuser BOByi shicly = chat dhffederi f f usi ve
partinl es onta3the The combined element 402 may also formed using UV
or radiation curing techniques to form the turning
prisms structures wherein the skin material further
contains bulk diffusing material.
Fig. 8 shows a display 500 similar in construction
20 to the display 100. Like reference numerals are used
to illustrate like elements of both the display 100 and
the display 500.
In Fig. 8, the rear polarizer 108, the diffuser
131 and the reflective polarizer 132, as illustrated in
25 Fig. 2, are replaced by the combined element 502. The
combined element 502 may be formed by laminating
together a rear polarizer 504, such as rear polarizer
108, a diffuser 506, such as the diffuser 131, and a
reflective polarizer 508, such as the reflective

30 . polarizer 132. It will be appreciated that other
techniques for forming the combined element 502 may be
used.

Fig. 9 shows a display 600 similar in construction
to the display 100. Like reference numerals are used
35 to illustrate like elements of both the display 100 and
the display 600.
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reflective poI arizer. Fig. 7 shows a display 400 simlar.in construction 5

to the dis 100. Like reference nunerals are used to illustrate |ike

el enent sW 018 28 the display 100 and the display 400. BGT/yS0§24590 t he
turning film 116, the reflective polari zer 132 and the diffuser 131, as
illustrated in 0 ELg. 2, repl aced b omhi ned el enent 402. The
conbi ned el enent %Roglgraygbe ﬁﬁ?% ﬁf"ﬁ ﬁ f?% Ry A fESeT urning film'
404, such ast3lur tbhegreflesting pq;atmTZIeecﬂ-BQealp@liaie' Zerrrdfy, fiamh as t he
reflective 106, ankzel1dserated i@ dilf user 2408re %Mh@% *tg; edi ffuser 15 131.

The conbi ned Lhement 402 nay. so for med u5| ation curing
t echni ques t<FFoFm tﬁ%e'{‘?ﬁth %‘? FIh? °§'Pf‘ﬁ§ u"r‘:la%m%fersépnmﬂﬁ(e €kin materi al
furthher corficxined byl kammammg:qmlemaa réay. pdlaticexr #0adi,spl ay 500

simlar in Céii&?xt RRCLERR p@fhxtickéthO@' spl ayr#Qler Ldd® RIGI ACELQUMEralS are

used t0|II ate#te ele .0f bo hthe d'cfp@?sy 100 and the display
500. In Fi g YeRE t T)olf VEoB° f"ﬁézﬁ’qu erSuciz sy khet he
reflective pr(ﬁfélelc)!-evelﬁ@lalavszeﬂ 1132, r anddai tur2ingifj.1n2 6081, esuenl aced by the

conbi ned el B RiuriRg. Titn COr nadl AERRVE0? R fey Med by | ami nat i ng
t og ther re§1 Iarlégra504 siucglf Z rear @arlz r 108 a diffuser 506,
sucl as the ef‘"Fg‘ger Syey as, pmb & 8{“?95% fogmedych as t he
reflective 3mGHhohen ehis ISkemdnt Jdianinbsedphe eximdead dilffuseirher techni ques
for form ng g %Q”Pé&ﬁddffﬁ{?élt 2 $£11 Lﬁé'dapp?e%l afedhoige a di splay
600 sim |l ar |r1 ructi 0. Like reference nunerals
are used 35Stt i PI h?fr‘é?"g’zﬁ I(?ﬁeﬁf’g"“bggb%l‘% thlﬂablﬂieépfaé?“%ﬁ and the "
di spl ay 600.6024ma® be/2F&28 PCT/ USOQ 24590 .
15 In each of the embodiments shown in Figs. 5-9, the
combined optical element improves apparent display
brightness by reflecting light rays having a second
polarization orientation (b) back toward and
substantially into the lightguide 112 where these light
20 rays are randomized in polarization and direction. A
portion of these randomized light rays reemerge from
the lightguide having the first polarization
orientation (a). Because light rays having the first
polarization orientation (a) are transmitted through
25 the liquid crystal display device 102,:more light rays
ultimately emerge from the display enhancing the
brightness of the display. Moreover, the combination
of optical elements may reduce the thickness and weight
of the display device, and may reduce optical defects
30 resulting from optical coupled of adjacent optical
elements in the display.
Modifications and alternative embodiments of the
invention will be apparent to those skilled in the art
in view of the foregoing description. This description
35 is to be construed as illustrative only, and is for the
purpose of teaching those skilled in the art the best
mode of carrying out the invention. The details of the

15



In Fig. 9, the rear .polarizer 108, the diffuser 131, the reflective
polarizer 132 and the turning film 116, as illustrated in Fig. 2, are

repl aced bYOtKNETS2&onbi ned el enent 602. The conbi ned el ermcwusdfaspmy be 5
formed by |am nating together a rear polarizer 602, such as rear polarizer
108, a diffuser 604, such as the diffuser 131, a reflective polarizer 606,
such as the FEFIEHES @FolgEhod map3e yaarigdt awhstrntidliy608, such as

turning filméléowt teepeatingl From wHyTiRpied t 191 ebdeiventdel , aSng0Mbi ned

el ement 502 , ndethen thi.s.el epent |l.am nated to a rear

di'f f user, sﬁe% Jrlg{asrm%i ?F%s% %@B.m%ﬁvlf??l%‘ésa"ﬁb‘r%‘cf:&f“sd that still

ot her techni qéssh¥bitheosrrrg ehcthe mppsaded| chains 802 espyvba. used. 15 In
each of the enbodi ments shown in Figs. 5-9, the conbined optical elenent

i nproves apparent display brightness by reflecting light rays having a
second polarization orientation (b) back toward and substantially into
the lightguide 112 where these light 20 rays are random zed in pol arization
and direction. A portion of these random zed |light rays reenerge from the
| i ght gui de having the first polarization orientation (a). Because |ight
rays having the first polarization orientation (a) are transmtted through
25 the liquid crystal display device 102, nore light rays ultimately
energe fromthe display enhancing the brightness of the display. Mreover,
t he conbination of optical elenents may reduce the thickness and wei ght

of the display device, and may reduce optical defects 30 resulting from
optical coupled of adjacent optical elenents in the display. Mdifications

and alternative enbodi ments of the invention will be apparent to those
skilled in the art in view of the foregoing description. This description
35 is to be construed as illustrative only, and is for the purpose of

teaching those skilled in the art the best
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node of carrying out the invention. The details of the 15 iai W 01127528
PCT/ USOQ 24590 structure and nmethod may be varied substantially w thout
departi n}va #1T28he spirit of the invention, and the exXCHE§NR4BEe of all
nodi fications which come wthin the scope of the appended clains is

reserved. 1G WD 01127528 PCT/ US00124590 CLAIMS | LELELLEE FHETT20212 T,

11 illl 5 What is clained is: ¢ L M1. An illunination device conprising:

a light source, a lightguide, the |ightguide having an input 10 surface,

an out put surface and a back surfacgﬂm&mg | i ght sourcte berng incident to
e

the input and wherein the |ightagui oper at es under | gt )
frustrate total internal reflection for directing'IiH l@ﬂmlﬂ e
| i ght sour cewlzatd ientodmiimgdt he: | i ght guide 15 at the i c st OxeXi t

the lightguide through the output surface in a substantially uniform
manner; a turning filmcoupled to the output surface of the |ightguide,
the turning ¥il mAhddyragesion feyiqs cogPrgEisgs struct ures arranged on an
i nput surface of & Hdgh® souncag filmfor redirecting the light rays from

t he output surfaapqﬁ%tb{lgdgi’ gﬁ?%%aﬁi%gga{rgﬁg'g&% ir%g:?'ltef ilmand from an

out put surface of thé tdrnin east one | ement coupl ed
to e turniFgFtrIm a’s”aPHtBBgi%‘é‘Ff%Feer?ém 3 Pé‘FEdF\‘@P%EFﬁ'omh%al 25
structure thbight ansmdesbeinght inedderntaiocnghe Lhpat amdaiadedn stic and
(on Bots L e ARt RRogeECOR bnaliniag! BrlaLlgly Rl eciof ol oo Lo
second frustrate total intérnal reflection for directing light -
rays from the light source and entering the lightguide
15 at the input surface to exit the lightguide through the
output surfage in a substantially uniform manner;
a turning film coupled to the output surface of
the lightguide, the turning film including a plurality
of prism structures arranged on an input surface of the
20 turning f£ilm for redirecting the light rays from the
output surface of the lightguide through the turning
film and from an ocutput surface of the turning film;
at least one optical element coupled to the
turning film, said optical element including an optical
25 structure that transmits light rays having a first
characteristic and reflects light rays having a second
characteristic;
a reflector coupled to the back surface of the
lightguide; and
30 wherein lights rays having the second
characteristics are reflected by said optical element
through the turning f£ilm and into the lightguide, and
at least a portion of said reflected light rays
reemerge from the lightguide having the first
35 characteristic.

17



characteristics are reflecte el ement through the turning
filmand into the |ightguide “ i& ,E portion of said reflected
li ght raysWO0@m@¥ge fromth ng the f| r SRCTAES00/24590

characteristic. 17 WD 01127528 1111 11111111111 I11 ~ ~ PCT/ USQ00i 24590
ce ,of ¢ flrst characteristic

2. The illum natiop, dey] 1, wherein the
conprises a fi‘rst '8]6‘13a’rjr]z"ﬁ‘l’1n5"tlf'J‘&f’rd‘q1e YiRe Qe GA@iBhAr adeereist itheconpri ses a
second pol ar ifigstorbafddterdstitr compiiesds rstfipetaporatifition andThe

illum nation egwl s8c&hd Q}@I@ckermgigl&n{ﬁ}qsey LstoChigfacteristic conprises
npr.i ses a second

a‘first angular.ran secopd ch acterlstlc co
angul ar rangeP 8%?Fé?%&&°%§5ﬁﬁﬁ?ﬁ8nFl 5 FdFsEaRgkarizarien. The
i | lumsnation device of claim 1, wherein the at |east one optical elenent

compri ses a I of| ecihy o1 palidbkigh adwicy oENG1bLhUIT NGl AN deyLce of claim

1, wherein th | east .one ?‘-Etlca el ement IS fofrne egral with the

t ur ni ng fllnl%érs?hgh??qQHﬁqki BnCRA IEe SR @Pﬁ?ﬁ1§?gqﬂﬁ§réﬁﬁg§he at 20
| east one opt ecdl thé evernd chpracesristicorbipai ses @ sédbfnkieCt ive polarizer

and 2 di FUSehngdahanidd WikRabbgl £34 SRe0F cLe Mty athetgpn the at

| east Lne optical elenment conprises in co I natron
enhanblng prismfilmand a reflective polarizer. 8. The |Ilun1nat|on
device of claim 7, Theildiuminheion eddweictd vE phhimiZelwtereGAUphetht O an

out put SurfaCQeQEt éﬁétéﬁilgﬁhggiéﬁéﬁi ?EQEQQ Rrisgdddi, 9. The

i 1lum nation dewce of claim1, wherein e at |least one optical elenent
i s |am nated P8 #h&®Wutput surface of the turning film

15 5. The illumination device of claim 1, wherein the at
least one optical element is formed integral with the
turning f£ilm,

6. The illumination device of claim 1, wherein the at
20 least one optical element comprises in combination a
reflective polarizer and a diffuser.

7. The illumination device of claim 1, wherein the at
least one optical element comprises in combination a

25 brightness enhancing prism film and a reflective
polarizer.
8. The illumination device of claim 7, wherein the
reflective polarizer is coupled to an output surface of
30 the brightness enhancing prism film.

9. The illumination device of claim 1, wherein the at
least one optical element is laminated to the output
surface of the turning film.

35
10. The illumination device of claim 1, wherein the at
least one optical element comprises in combination a

18



35 10. The illum nation device of claim1l, wherein the at |east one
optical elenent conprises in conbination a 18 WO 01/27525 PCT/ US00/ 24590
di ffusi vév@eI27828t i ve pol ari zer and an absorbing | [1111b¢Tr0Sdok2ksoo VI 11 VI |

Il 111l polarizer. CL M$ 11. The illum nation device of—etar-m10;

/)

wherein the 5 at | east one optical elenent is lamnated to t

Surface of CHEIPETKEnEeFIEGHIvE DOHEIFRF (AR GPRRIOD of Hmi Iﬂfﬂlllll T

wherei n t hepallariieast one optical element is formed integral aren *

turning film 13. The illum nation device of claim12, wherein the at

| east one optical elenent conprises in conbination a cholersteric ’

pol ari zer ardd-a BPeeltiwiation deyiceepfirefaim 1P, mhérephayheevi ce

conpri sing: ax [legstdone ysitalcadi eflleaynandsl Banihacdd @dl @neChyeba@d di spl ay

nodul e havi LNRHt | a1 l.zer an 20 output polarizer; a diffuser,
Mar20ckBE! RO ARG 39m

the diffuse I ng couple i nput polarizer of the liquid crystal
display nodule; a reflective polarizer, the reflective polarizer being
coupl ed to am.i nphe bIlddinatiifdnisesic@508 ¢1im Ng fwhkkeihhend uding film
bei ng coupl | of et Lestive. pal.arizer: .a |lightguide, the

| i ght gui de ﬁ%?%%g°§§,é pufﬂ'§ﬂk g@%,ggnE%iW?ﬁnlﬁﬁﬁgfg ewéﬁﬁ Eg%ack surf ace,
a 1%ht sour®&mipgef}Bht source being incident to 30 the input surface of
the |ightguide and wherein the |ightguide operates under the principle of

frustrate taqtal pgt . 1afd ectd g dij.ecting |ight, fromthe
| aht ' cour cd and"oa oyt é‘°?i§'ﬁ?§ﬁ%3‘éfa‘%fﬁe’§“e'ﬁ?nfs’h “SH (% to exit the

| i ght source and entering t, | ) :
| i ght gui de B $68Rtt PRe AMRHR2L 53 eBARE BT sess iBsrambindtionm f or m

manner cholersteric polarizer and a birefringent film
15 retarder.

14. A display device comprising:
a liquid crystal display module, the liquid
crystal display module having an input polarizer and an
20 output polarizer; '
a diffuser, the diffuser being coupled to the
input polarizer of the liquid crystal display module;
a reflective polarizer, the reflective polarizer
being coupled to an input of the diffuser;
25 a turning film, the turning film being coupled to
an input of the reflective polarizer;
a lightguide, the lightguide having an input
surface, an output surface and a back surface,
a light source, the light source being incident to
30 the input surface of the lightguide and wherein the
lightguide operates under the principle of frustrate
total internal reflection for directing light rays from
the light source and entering the lightguide at the
input surface to exit the lightguide through the output
35 surface in a substantially uniform manner;
a reflector coupled to the back surface of the
lightguide; and




a reflector coupled to the back surface of the |ightguide; and 19 WO

01/ 27528 PCTI US00124590 wherein the reflective polarizer transmts |ight
rays havi n"@0427¥28t pol ari zati on and.rpflects |ight raygcivaseorgssa second
pol ari zation, said reflected |light rays being reflected through the
turning filmand ingo p the lightguide, and at |east a portion of said
reflected |ight ralfBehethdthercddeedivg relnrigeresransmits thiagttack surface
and reemer gi ngalsohavieg |a ¢hitgui @elahiwatibrd hedf kesleelarigation. 10 15. A
di spl ay devi cg4 I & : Ll Lo J 1111111 | i .crystal
di'spl ay nodul g, Q?hmﬁa{l’%h%% Sggcoglﬁa*)ggég#%%}or?ﬁdéﬁééhﬁsﬁ C%;a Sw’rﬁ pol ari zer
and an  out put-¥8I §??‘9§s’€e i hREEOWh fihee thratngcfim aowl dmitper, the 15
conbi ed di f f tder Lightacidese andl ati zessbel ppreavnl 88 0.4t he input

pol ari zer of Wty (o] \ dul e:.a turni film the

turning film %?%Eb%#%ﬁ?&gnbé% £ cﬁggc%%lﬁ%f ' S&r/reflective
pol ari zer; Zﬁtatg?glﬂ?%&isd’é,falcﬁeaﬁig?ﬁﬁtﬁr@énlgaﬁrwg teire | njpittonddéace, an

out put surf actazidgatiacidirstr patarisatight source, the |ight—sourece—berng——
incident to the input surface of the |ightguide and wherein

| i ght gui de opﬁgat es under the principle of frustrate 25 tot alrmi@uﬂﬂ "lll]lU"I

refl etion for>di ractisRiay gevirayeomemiminghe | i ght source a hel

l'ightguide at the aihputiduriseal t@igxidy Wdauleghtlidendifrough the out put
ector .coupled to the back

surface in a t ' nner; _a.,ref|
surface of thgypg%gﬁd%d&éygg?ég%%] er e A%t hEP Lo MR AREd 267 RBS AT ref | ect i ve
pol ari zer trQHEWYsp‘%iad’theFays having a first polarization and reflects
| ight rays having @ ceddnedpal ffagatirElesdide polarizer, the
15 combined diffuser/reflective polarizer being coupled to
the input polarizer of the ligquid crystal display
module;

a turning film, the turning film being coupled to

an input of the combined diffuser/reflective polarizer;
20 a lightguide, the lightguide having an input
surface, an output surface and a back surface;

a light source, the light source being incident to
the input surface of the lightguide and wherein the
lightguide operates under the principle of frustrate

25 total internal reflection for directing light rays from
the light source and entering the lightguide at the
input surface to exit the lightguide through the output
surface in a substantially uniform manner;

a reflector coupled to the back surface of the

30 lightguide; and

wherein the combined diffuser/reflective polarizer
transmits light rays having a first polarization and
reflects light rays having a second polarization, said
reflected light rays being reflected through the

35 turning film and into the lightguide, and at least a
portion of said reflected light rays being reflected by

20



reflected Iight rays being ref rough the 35 turning filmand into
the lightguide, and at | east a“m“rm"m”m H"r reflected |light rays being
ref | ect enloloy27520 WO 01/ 27528 | 3 i b R T PCTAUS00/28538/ US00124590
L Mthe reflector at the back surface and reenerging from the |ightguide
having the first polarization. 16. The display device of claim 15, wherein.
the 5 conbi FBE BeFIRQY Réf cBet Paek popafacerandyeemsrcging fremnat e

i ncl udi ng atHef i igitowik aavehiethe VEir9o|@ilizdizatibfm. 17. The displ ay
device of claimi5, wherein the 10 conbined diffuser/reflective polarizer
conprises a_ diffusive structure fornmed in an output surface of a

refl ective pBFarTherd¥snlmy dgvigeqeEriaimc\i .cwhesapri theg: 15 a |iquid
crystal di spbaypinedudietfusded/keqledties 5Bl ridiesPlampided es havi ng an i nput

pol ari zer a i laci : [ ser. he, diffuser being coupled
to the inpg %lg'%é)rlzrg‘flrituéﬂ%tghé ﬁ?éﬁ?%lgr%é#aal rﬁf;LSngvﬁDdul e; 20 a

conbi ned t uPALAELF®Y 41| ecti ve pol ari zer, the conbined turning
filmreflective polarizer being coupled to an input of the diffuser; a

| i ght gui de, ,t,he LJgh ' l Lnput s surface, an output surface

adj acent thg;?(:o. #%e%%g%&urla%iy’%ggf#%?%ﬁ et Vi eﬁgfl%r&} r and a back
surlPace; a rrEhinsd Yiffuserdrefinctivrrrelardizey combdésesta the i nput
surface of BhEfhsghé Bidetard Boehed ik Nt ditghitosidead@es@tLs under the

principle o t Qf-gl i nal reflection for directing light rays
from 30 thegfal%gj%?us‘g%%:oelaan%egn?%ﬁ'ng the lightguide at the input surface

to exit the lightguide through the output surface in a substantially
uni form manaer.; a dbdpksi @eviewptefpiisidy: back surface of the

15 a liguid crystal display module, the liquid
crystal display module having an input polarizer and an

output polarizer;

a diffuser, the diffuser being coupled to the

input polarizer of the liquid crystal display module;

20 a combined turning film/reflective polarizer, the
combined turning film/reflective polarizer being
coupled to an input of the diffuser;

a lightguide, the lightguide having an input
surface, an output surface adjacent the combined

25 ‘turning film/reflective polarizer and a back surface;

a light source, the light source being incident to
the input surface of the lightguide and wherein the
lightguide operates under the principle of frustrate
total internal reflection for directing light rays from

30 the light source and entering the lightguide at the
input surface to exit the lightguide through the output
surface in a substantially uniform manner;

a reflector coupled to the back surface of the
lightguide; and

35 wherein the combined turning film/reflective
polarizer transmits light rays having a first
polarization and reflects light rays having a second

21



| i ght gui de; and 35 wherein the conbined turning filmreflective polarizer
transmts light rays having a first- polarization and reflects |light rays
havi ng a sdQWHE728 WO 02/ 27528 PCT/ US00/ 24590 pol ari zat poryusmpassde r ef | ect ed
light rays being reflected into the lightguide, and at | east a portion of
said reflected light rays being reflected by the reflector at the back
surface and r §PRG PR onTRdk nefdREGed dbiols: maysnheine féfilsicted

pol ari zati on. it3o The Hishmtouidicviend 8t TdaitMalBorvhenehs dfig combi ned
turning filnm nefdheetibye; ri.zer rj lamipate of a.turning film
and a reflective oIariz%ﬁ%fi%ﬁygfPﬁggyz%ééﬁﬁé}%ﬁ §§|g§ed% A& TG cl aim 18,
wherein the A&mbPicB2thrfiigas PRl seemending Sobar therlighmguides turni ng
pri s’ f or med haviag theufixsy fadardtaeidd, reflective polarizer. * CL MS
21. A display device conprising: a liquid crystal display nodule, the
liquid crystal display, nodule having an input polarizer and an 20 out put
pol ari zer: a cdnbi hB8 ¥ $Rirvederieni o elaim 181 | wherein thel ari zer, the
conbi ned ldi ffmbﬁ.hadﬂim?girfg Ifﬁtmseféslré%ﬁ&eralt)gbaa%%r Ilzednﬁ)gigggpgedhto the
i nput  pol ari . i.d.cryst i spl ay; a lightgurde, the
i ght %i de ha\%/"%%%ﬁéﬁéi ‘gfpualt %s,rg‘rl%‘ﬁcgff‘&r?“&ﬁtapa)éféﬁ?‘rla‘e% Podpadaimgt he
conbi rred difﬁﬂ%@r/turning filmreflective polarizer and a back surface; a
| i ght source, the light source being incident to 30 the input surface of
t he |ightgui dggsand erein th L i ght gui,de operates under the principle of
29 af prlr“"‘é’f ?53%?%5’?&15‘&% Bt i ReYeIghtbeays from

frustrate tofal_ internal ) :
combined turning film/reflective polarizer comprises

turning prisms formed in an input surface of a

15 reflective polarizer. ||||l||| "““ |||J| |||[| | |!||

21. A display device comprising:

a liquid crystal display module, the liquid
crystal display module having an input polarizer and an

20 output polarizer:;

a combined diffuser/turning film/reflective
polarizer, the combined diffuser/turning
film/reflective polarizer being coupled to the input
polarizer of the liquid crystal display;

25 a lightguide, the lightguide having an input
surface, an output surface adjacent the combined
diffuser/turning film/reflective polarizer and a back
surface;

a light source, the light source being incident to

30 the input surface of the lightguide and wherein the
lightguide operates under the principle of frustrate
total internal reflection for directing light rays from
the light source and entering the lightguide at the
input surface to exit the lightguide through the output

35 surface in a substantially uniform manner;

a reflector coupled to the back surface of the
lightguide; and

22



the light source and entering the lightguide at the input surface to exit
the lightguide through the output 35 surface in a substantially uniform
manner; A0 @&/A7#8t or coupled to the back surface of the P¢'l'mn/g45'9«je and 22
WO 01/ 27528 PCT/ US00/ 24590 ~~I111j 111111 | ~~~I

VITT S —whereirn—the
combi ned di ffuser/turning filmreflective polari zer trans mg m
having a first polarization and reflects |light rays havi ZUI ' " u”ﬂm”m
pol ari zation, sawbereid eﬂteec&oh\bghtedrdysfxb@emgmfrﬁ.ﬁalgect ed into the
| i ght gui de, f%ﬂ/%fi p%(iréﬁrhﬁgr gi,iégpnﬂ,rg ef4 cct g,g | |ﬁav1rays bei ng

refl ected % ctor at t ace ~and errerglrﬁ% %romthe
| i ght gui de éVFHgP?WJfﬁﬁ‘%‘Pnpépgr F?gﬂ-?‘éﬁs Yighty raﬂﬁehéi"éﬁgas' devi ce of

claism 21, weetehd pélkaricationedsdifif neflédtedivight kaksebbesgi ve pol ari zer
conprises a kaiLpale fied did &EE gual A WdDRNd pBRLE, Ol Ve

pol ari zi ng he di evice of cla in the
conbi ned di P\fu§é?-71t’€ﬁ#ﬁqfd'-elq LdghEf Fé%?lwftﬂ)lrzﬁﬁlﬁltedcbﬁpth%es t ur ni ng
prisms for needfdacesr idwpuihes Wakhcsuofaca ad |@sdniergingl arbdeenand a diffuser

structure fg&ﬁﬁgﬂggdmb n%uttﬁ)]gt,f_s&g{._a%&g{léa@% reflective polarizer. 24,
ri-ght

A net hod of cing ness in a F&Vi ce, the display device
i nclOudi ng a liquid crystal display assenbl y and an illum nation source,

the 25 ill ugknat rhe Siuples, ldevieg afl cPdiwwrle whHereigxthacts |ight rays
according tq. &Q?n@&'cﬁ'&ﬂlseer(}ftut:ﬁgﬁﬁrﬂﬂn éé)ffgctf\‘rt er n au:ief | ection; the

nmet hod conprising: injec havi'ng a of &t i zati on
orientati oncaﬁerasgéc%ﬂ@nﬂaa&ﬁ Eﬁt Poﬁlﬁ)?‘i%?ﬁraﬁ (‘}Nrphflg ilm and

a reflective polarizing film.
15
23. The display device of claim 21, wherein the
combined diffuser/turning film/reflective polarizer
comprises turning prisms formed on an input surface of
a reflective polarizer and a diffuser structure formed
20 on an output surface of the reflective polarizer.

24. A method of enhancing brightness in a display
device, the display device including a liquid crystal
display assembly and an illumination source, the
25 illumination source having a lightguide that extracts
light rays according to the principle of frustrate
total internal reflection; the method comprising:
injecting light rays having a first polarization
orientation and a second polarization orientation into
30 the lightguide at an input surface;
turning light rays exiting an output surface of
the lightguide to a direction substantially normal to
the output surface;
transmitting light rays hav1ng the first
35 polarization orientation;



- - - \ - - -
30 the lightguide at an input surface; turning |ight rays exiting an out put

surface of the |ightguide to”i- m' ” tantially normal to the

out put surWwameeresansnmitting | il m m the first i zation
o Bt at Lo 0 o8 - tamt |y IR thE L o) popnsffedl! 221 o0
reflecting Iight rays having the second polarization orientation back
toward and subst amtefildotinghloght tdes lHa@glihgUrHe; séadidpm zi ng t he

pol ari zation gpigriAldin ekisalgdi S, hefhected Light r t 0,produce a
portion of Saiﬂ re}LI .t ed ﬁ?ghigt%%sb%%{v%ﬁggf%e&ﬁ& rss"ka‘}%‘&%rlg;él’i on

ori entation; aft®{¥ rfg‘rﬁ tiBRETYERF portion of |ight rays. 10 25. The method
of claim 24, wher efanddrdzdhepthé pokidioeling biobled@bs 6@NRLE§ES providing
a reflkective ,ppl dddZEN ‘ the liguid crystal display assenbly and
the illunination %%%{cﬁé{@%"‘%%ﬁ?sﬁ% ?r%’l%ﬁ‘gﬁ Bfg%’r’%ﬁcfﬂ 24 S§drein the step of
reflecting |iGRtIehRE ddapFi To¥s thawing theaftosbinmdrizatnbng
filmreflectiveigoteriioner ahgt ween the liquid crystal display assenbly and

the illumnation sgurce. 7..:The t.hod of_ cl.aim 24, wherein the step of
reflecting |ight rayscég%rr?%rg?éeiaﬁoé;&ﬂg%ilﬁa 396&%916&1’5& ffuser/reflective

pol ari zer between the liquid crystal display assenbly and the illum nation
sourde. 25 2825 Thereiketodl of | cldim 44, WaReLLIh (i 8B 9 reflecting
i ght rays co i r oy i a conbined diffuser/turning filmreflective
pol ari zer bet %fejﬁ i Eéﬁ ??Hﬁ#&gﬂ Sys,ctoéﬁprafsgﬁl%ff"ﬁlséslé‘ﬁbﬁyrﬁﬁﬁe‘?wq | | uni nati on
source. 24 bolarizer between the liquid crystal display assembly

and the illumination source.

15 26. The method of claim 24, wherein the step of
reflecting light rays comprises providing a combined
turning film/reflective polarizer between the liquid
crystal display assembly and the illumination source.

20 27. The method of claim 24, wherein the step of
reflecting light rays comprises providing a combined
diffuser/reflective polarizer between the liquid
crystal display assembly and the illumination source.

25 28. The method of claim 24, wherein the step of
reflecting light rays comprises providing a combined
diffuser/turning film/reflective polarizer between the

liguid crystal display assembly and the illumination
source.

24



