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This transflector layer is designed to both reflect ambient light for use in creating a display

in the reflective mode and to transmit light from a backlight for creating a display in the
transmissive mode. The transflector layer provides an intensity balance between the two
operational modes. If the transmissive qualities of the transflector are increased to

20 improve lighting during backlit or transmissive operation, then less ambient light will be
reflected by the transflector layer, thereby decreasing display brightness during the
reflective or ambient mode operation. Conversely, improving the transflector reflectivity

will increase ambient brightness, but sacrifice brightness during backlit operation.

Summary of the Invention

25 In one embodiment, a display apparatus is capable of displaying
information in a reflective mode using only ambient light and in a transmissive mode
using a light source, where the display apparatus includes a reflective polarizer and an
isotropic light cavity having a reflector. The light cavity reflects an incident light with a
first degree of depolarization of the incident light. The reflecting polarizer, disposed

30 between a light modulating layer and the light cavity, is adapted to transmit the component
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In a fourth embodiment of the present invention, a display apparatus

includes a light modulating system, a light cavity adapted to selectively provide light to

20 the light modulating layer, and a cholesteric reflecting polarizer. The light cavity is
configured to cause a polarization phase shift upon reflectance. The cholesteric reflecting
polarizer is disposed between the light modulating layer and the light cavity and is adapted
to transmit a component of incident light having a first polarization and reflect a
component of the incident light having a second polarization. This display can also

25 operate using only ambient light or only light from the light source. Preferably, the

display apparatus does not include a transflector layer.



foll ow ng detail ed description of various enbodi nents of the invention in

connection with 5 the acconpanying drawings. FIG 1 illustrates a
cr oss- secwponah2di ew of an exenpl ary di spl ay apparatus i eCadsor/samEe with
one enbodi nent of the invention. FIG 2 illustrates a cross-sectional view

of an exenpl ary display apparatus in accordance with another enbodi nent of
the invention. 10 FIG 3 is a perspective view of a mcrostructured filmin
accordance with one enbodinent of the invention. FIG 4 illustrates a
cross-sectional view of an exenplary display apparatus in accordance with
yet another enbodi ment of the, inventi Qn 5 |Ilustrat es a
cross-sectional view of an BEiehiesenp g 1 us 15 in accordance
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di spl ay appar at us ifyG. 3GHRARRGRrYsisBetidial PeRSERh ckMBRLY GiBplay bifarath- 18
illustrate arrangenent of a reflective polarizer and mcrostructured film
t hat may inecesédahce witthenedinsidayert b theanventioh.- FI G 14 in accordance with

addi ti onal enbodi present inv ntlo on is
amenabl e to vari omailﬁv%ﬁfﬁs&f?sﬁ%t&w Ylﬁgt ex?ryl\gfﬁb? dltsél %'aﬁ/a?&h her eof
have beerﬁn%@&ﬁﬂaﬂ&Wiﬁyarﬁfth&éﬁiﬁbhﬁldnﬂofﬂhelﬁfeﬁﬁbﬁlgs and will be described in
detail. It should be understood, however, that the intention |s not to

linml® the inventiddG @ is h@elsBedtive wiear olermesapsraisiusedifilie in aeardagse WHR
contrary, the.i tentl cover all nodifications, equivalents, and

al t er nat | V& bé{afrfl?f& nl% F\élﬁhe spirit and scope of 30 the invention as
defined by the appelﬁldmlnhsataraacrassmwawizm aRCXEIBDRY 3iddla apRettas | ed
Description of the Preferred Enbodj nent The present invention is applicable
to a nunbi@racegrdencervatieygt appibprembesipppiaf the invention.

FIG. 5 illustrates a cross-sectional view of an exemplary display apparatus

15 in accordance with another embodiment of the invention.
 FIGS. 6-12 illustrate structures that could be used for a bottom reflector of
a display apparatus in accordance with the various embodiments of the invention.

FIG. 13 is a perspective view of one embodiment of a microstructured film
of the present invention.

20 FIG. 14 illustrates yet another embodiment of a display apparatus in
accordance with the present invention.

FIGS. 15-18 illustrate arrangement of a reflective polarizer and
microstructured film that may be used in the display apparatus of FIG. 14 in accordance
with additional embodiments of the present invention.

25 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 be
described in detail. Tt should be understood, however, that the intention is not to limit the
invention to the particular embodiments described. On the contrary, the intention is to
cover all modifications, equivalents, and alternatives falling within the spirit and scope of

30 the invention as defined by the appended claims.



having a display that can operate in a reflective node and in a

transm ssive node. This dual -npbde operation may be acconplished w t hout

t he use oWoaswsxmsfl ector |ayer. Wiile 5 the present i nvemrCrarso2/s44mdt so
limted, an appreciation of various aspects of the invention wll be

gai ned through a discussion of the exanples provided below. FIG 1
illustrates a display apar at us .t hat a.a transflector |ayer
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the refle ype of |1 ght rce is sonetines referred to as a
front Ii ghtlum:amge sbirce shammagmeulwds ot linisgsl tayardedgedis svaab guide asingdight
nDduIatlng Iayer A front tructured t
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ef fects, @Ofer ﬁ%@s bllﬂ?esqglsgﬁglﬂ%@uﬂcﬁ iR Aedl@tolfigiheidant fanshkayrghad Hgdhe t her
i ncl udes a reflective polarizer 104 that transmts a first 30 polarization

st at e al oemgittitesdibderes it arsiadhnozestent davap-pFlas/fegas Ligktrar iy | rféf‘ds%af@éfétﬁ’ it of a

first and seco p d st.at i fc onRddent
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al ong t heyt Hansirhies eMhakps: pabsifigihr@ghiive nbt substantially altered. The dlsplay 100
20 also includes a bottom reflector 106 that directs light from the light cavity toward the light

modulating layer. The bottom reflector also reflects ambient light and directs it toward the
light modulating layer.
Another possible light source is an edge-illuminated light guide that directs
light below the edge-illuminated light guide within a range of angles to the reflector. This
25 type of light source is sometimes referred to as a front light because it is often used in
display devices above a light modulating layer. A front light may be structured to provide
an image-splitting layer. This function is useful in reducing pixel shadowing effects, as
will be described in more detail herein.
Display 100 further includes a reflective polarizer 104 that transmits a first
30 polarization state along its transmission axis and provides depolarized reflection of a first
and second polarized state along its reflection axis. If incident polarized light contains

only a first polarization state (P1) aligned along the transmission axis of reflective

4



WO 03/ 042747 PCT/ US02/ 34413 pol arizer 104, then P1 light wll be
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20 light.

For the situation of unpolarized or depolarized light, the resultant electric
field vector does not always maintain a constant or predictable orientation of oscillation.
As a result, an analyzer cannot be constructed so that in one configuration the incident
beam of light is substantially transmitted while in a second configuration, the same

25 incident beam of light is substantially extinguished.

The operation of the display 100 in the ambient or reflective mode will now
be described. A light ray 110 entering the display from the same side as the viewer will be
first polarized by polarizer 101 so that only one polarization state exits polarizer 101, for
example, P1. This polarization state will then be modulated by layer 102 to be

30 substantially blocked or passed by polarizer 103. This modulation occurs by the presence
of an electric signal applied to the patterned electrodes defining pixels or discrete apertures

of the light modulating layer 102. For example, in locations where the electrical signal is



of an electric signal applied to the patterned el ectrodes defining pixels
or discrete apertures of the light nodulating | ayer 102. For exanple, in
| ocat i onswetvae7she el ectrical signal is 5 WO 03/ 042747 PETTUS0254343113
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optimized since the display can operate in a purely reflective mode with no transflector
20 layer.

Preferably, a diffuse layer is provided on the reflective polarizer to provide
some scattering of transmitted light, thereby widening the viewing angle. The reflective
polarizer 104 may be a disperse phase reflective polarizer, such as DRPF film
manufactured by 3M. In addition, appropriate adhesive layers may be incorporated into

25 the display 100, though not illustrated. For example, a polarization preserving diffuser
may be positioned anywhere along ray path 110 to provide some scattering to widen the
viewing angle of the display 100.

During bacl\dit or transmissive operation, ray 111 exits the light cavity 105

in a specular or diffuse direction. Ray 111 is generally unpolarized, containing first and
30 second polarization states P1 and P2. Both polarization states impinge on the reflective

polarizer 104. One state, P1 for example, is transmitted with little depolarization through

the reflective polarizer 104. The same polarization state P1 passes through the lower



During backlit or transm ssive operation, ray 111 exits the light cavity
105 in a specular or diffuse direction. Ray 111 is generally unpol ari zed,
cont ai ni ngofo3nsi74and 30 second pol ari zati on states Pl an@CPAISOBa4in3

pol ari zation states inpinge on the reflective polarizer 104. One state, Pl
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The bottom reflector has a first degree of depolarization upon reflection while the

20 reflective polarizer has a second degree of depolarization upon reflection. The second
degree of depolarization is larger than the first degree of depolarization. Accordingly,
light of one polarization state is recycled to provide a brighter display in the transmissive
mode.

One way to determine whether a reflecting polarizer has a degree of

25 depolarization in reflection that is greater than a degree of depolarization of a light cavity
in reflection is to use two absorbing polarizers to separately test the degree of
depolarization of each component. First, a light source is positioned to direct light through
a first absorbing polarizer that absorbs light of a first polarization state and transmits light
of a second polarization state. The light of the second polarization state emerging from

30 the first absorbing polarizer is directed onto the component to be tested, either the
reflecting polarizer or the light cavity. The light reflected from the test component is

directed through a second absorbing polarizer that absorbs light of the first polarization
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al so provi 15 1n the display 200." The reflector 206 is used to direct
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pi xel shadowi ng 20 effects. %;\hen the display device is in use, the |ight

nodul at i ngo franadlector kayereis requieedtie display 208 @ad exdeagblyinedrapstlegtordayqrist at e
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The inclusion of the microstructured layer 204 reduces pixel shadowing
20 effects. When the display device is in use, the light modulating layer creates a pattern of
addressed pixels, or dark-state pixels. In the ambient light display mode, this pattern is
reflected from the reflector back toward the viewer, and the reflected pattern is overlaid on
the pattern created by the light modulating layer. If the reflection of the pattern is slightly
laterally offset from the pattern itself, a lighter second image may appear when these two
25 patterns are overlaid. Lateral displacement may be caused by the distance of the reflector
from the pixel plane, or light modulating layer. The greater the distance between the light
modulating layer and the reflector, the greater the pixel shadowing effect is likely to be.
Accordingly, pixel shadowing is more of a concern where the reflector is at the bottom of
the display, as in FIG. 2, than when the reflector or transflector is located above the light
30 cavity as in typical transflective displays.
FIG. 3 is a perspective view of the microstructured film 204, which

includes sawtooth formations 207 where each sawtooth formation 207 includes a first



reflected fromthe reflector back toward the viewer, and the reflected
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204. In the enbodinent illustrated in FIG 3, the mcrostructured film 204
has a si deogst@ctionhl yiesi efeth finst peicipetmentengr Almi2944ds tkeppaallgljo pdesd13.303nd 4,
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Cross sec{ie@vf thdsebbid mécrodthengedfihn ge4isi talteal parallel to the tilted surfaces, so that
20 the sawtooth formations are not visible in the cross section. The second microstructured
film 404 of FIG. 4 includes sawtooth formations (not visible in FIG. 4) that run
perpendicular to the sawtooth formations 207 of the first microstructured film 204. FIG. 4
includes the same components as FIG. 2. As a result of the crossed microstructured films
204 and 404, any pixel shadowing effects will be reduced further. When light that has
25 passed through the first microstructured film strikes the second microstructured film, a
first portion of the incident energy is refracted in a third angular direction and a second
portion of the incident energy is refracted in a fourth angular direction that is different than
the third angular direction. Therefore, if the first microstructured film includes an equal
proportion of the two types of tilted surfaces and the second microstructured film also

30 includes equal proportions of two types of tilted surfaces, then any pixel shadowing will

be reduced by a factor of about four.



view of the second mcrostructured film404 is taken parallel to the tilted
surfaces, so that 20 the sawtooth fornations are not visible in the cross
section. Woas®errend m crostructured film 404 of FIG 4 i mciruses3aan oot h
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di fferent angu Anmbient light will strike one of the four
tilted swiladase efuad heapyAanirckaltomsyt pirelshadayang elfeis will be rednaidey and be

refracted.in uI ar directions. Because incident light wll
takég yfaﬁtioff’gﬁ’é‘ﬁ%orﬁ%ﬂﬁ%aql the reflector, pixel shadowing will be

reduced. In the exappl e4iillhsustesaheded éinlfddﬁneﬂt%f aldildyodpparatisdeso odue equal
areas. As a result, any pixel shadowi ng effects will be reduced by a 15

factor of prbgut infventiarhingludingrhotiea HFIFr@tﬂmuqul fitpg 1404 and arebleridye RUMHS nent  of
a displ Y1 AP A té‘lsplgi}él1 gppa?ettug gigo includes a first polarizer 1401, a light modulating layer

1402, a second polarizer 1403, a light cavity 1405 and a bottom reflector 1406. A
20 compensation or retardation film 1415 may be included to correct for birefringence or
provide other improved viewing characteristics for the light modulating layer.

As discussed above in relation to FIGS. 2-3, the inclusion of a
microstructured film in the display apparatus results in a reduction of pixel shadowing
effects. As discussed above in relation to FIG. 1, the inclusion of the reflective polarizer

25 1408 results in recycling of light and a brighter display. The bottom reflector 1406
reflects light with a first degree of depolarization and the reflecting polarizer 1408 reflects
light with second degree of depolarization. The second degree of depolarization is greater
than the first degree of depolarization, for at least one polarization state. The
microstructured film 1404 includes sawtooth formations 1407 including a first titled

30 surface 1411 and a second titled surface 1412. The sawtooth formations may be prisms as
shown in FIG. 3. Another possible embodiment would be to include a second

microstructured film in the display apparatus 1400, similar to the arrangement of FIG. 4.
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present invention including both a mcrostructured film 1404 and a
reflective polarizer 1408. This display apparatus also includes a first
pol ari zerw0408/@427a7 | i ght nodul ati ng | ayer 1402, a second porarsozes13403, a
light cavity 1405 and a bottomreflector 1406. A 20 conpensation or
retardation film 1415 may be included to correct for birefringence or
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in FIG 35 fMothefonfieatitiohe otlnslil FEI8tcontilibetusbe whithin theldixpéayeappaxnarsd
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m crostructured fil . refl ' ' Reshbboned to
be i@aced from each&gogiﬁ)gv#l,lﬂvr%aﬁ?h?ﬁ’haggﬁé%ﬁggﬂag%%%ﬁ]rﬁ%?%@%ﬁ%4 on top of the
refl ecti vigicdt@eiuzel filnwhg04e whbe thavdvoodih honatiins d667 266 Theolight epdulating

m crostructured film 1404 face the |light nodu i | ayer 1402. The

mi cr ost r uayairidl2 of he dispdedt EpREs WA Op&gsaS&‘P‘é’Bﬂn Ew 5 %ﬁé‘?#‘]‘%ﬁ&% tﬂﬁl many
different ldf}ﬁﬁ){ﬁa é%ﬂu?le@l g Pl AY¥CcARRRI A5 16080 whktel the &FRbEMFoANatiRIUE0T ON i N
pi xel shadow ng an ecycling of light. Some exanples of other

conf i gur atfitbemidrostritured fibmtl 604 fage b light maslnthtingflayee 1 4Q2013b¢ displegr ar e

illugtrat ed in FIGS. 15-18. The configurations of FIGS. 15-18 could be
used®wi t RS 14801 ay apparatus 1400 of FIG 14, replacing the

m crostructed fil mga0dsapshsib® togobitiés aRRicRsird@lirei4lih soliBatABie sdveranthi n FI G
15, a reflective polarizer 1508 may be positioned above a mcrostructured

fi | m 1504formhtgons fadeeavemvitorntie Hight madubinas o6y andietil adhieveiagREuHoR P BFFhg
m 01 ost 1 UREOTBISRIHY. TOHORESE B aubrdeefie PREMRrTal bRy b istifed 106
wher e t hegspawh et sfroctardifiims] 7080where the sawtooth formations 1707 face away from
20 the light modulating layer 1402 of the display apparatus 1400. Each sawtooth formation
1707 includes a first tilted surface 1711 and a second tilted surface 1712. As ambient light
passes through the microstructured film 1704 in this configuration, a first portion of the
incident energy of the ambient light will strike the first tilted surfaces 1711 and be
refracted in a first angular direction. A second portion of the incident energy of the
25 ambient light will strike the second tilted surfaces 1712 and be refracted in a second
angular direction. Because the ambient light will take two different paths, the ambient
light will be reduced by some portion. If the microstructured film includes two types of
tilted surfaces in equal proportion, as illustrated in FIG. 17, then the pixel shadowing
effect will be reduced by one-half.
30 As shown in FIG. 18, a microstructured film 1807 may be coupled to a
reflective polarizer 1808, where sawtooth formations 1807 of the microstructured film

1807 are positioned to face away from the light modulating layer. This construction
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of the mcrostructured film 1604 face the |ight nodul ating |ayer 1402 of
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1808, whemicrade@sichilg ke faysred 11876}10 4PlangesiAe o Hothey & speh 7 are
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with the display device to recognize an air only a few
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conmponent ﬁucr%ﬁlrcﬁlr&ﬂ@leﬁlfantt difeca9 WRGRERIScting @olarives, nﬁﬁltgrthmtetﬂlleetdlg‘ pdlarizeo be
| ayered next to a planar side of another elenent, such as in FIG 10 15,

t he ni cr o&ta swbstgated el enents coul d be constructed so that not all of the
tips are at the It is also possible to include a microstructured film 1300 having pyramid -

shapes to be included in the structures of FIGS. 14-18 in place of the microstructured film.
20 Another possible embodiment would be to include a second microstructured film in each
of the structures of FIGS. 14-18, similar to the arrangement of FIG. 4.
FIG. 5 illustrates a display apparatus that can operate in a transmissive and
a reflective mode. The display 500 of FIG. 5 includes a cholesteric reflective polarizer
504. The display 500 also includes a first polarizer 501, a light modulating layer 502, and
25 a second polarizer 503, where the first and second polarizers 501, 503 surround the light
modulating layer 502. A compensation or retardation film 508 may be included to correct
for birefringence or provide other improved viewing characteristics for the light
modulating layer. The display 500 also includes a light cavity 505 and a bottom reflector
506. The display further includes a quarter wave film 507 in between the cholesteric
30 reflective polarizer 504 and the second polarizer 503.
In the transmissive mode, a light ray 511 from the light cavity 505 is

circularly polarized by the cholesteric reflective polarizer 504. For example, right hand
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sanme height, allowing an optically significant air gap between the

m crostructured el enent and the adjacent conponent. In the structures
shown i n WD@®@S042167 and 18, it is not necessary to have an PpraiTrusgapibet ween
the mcrostructured filnms 1604, 1804 and the reflective polarizer 1608, 15
1808. The two el ements can be bonded or coupled together. It is also

possible to rmt he 1 tructured el nt . di.rectl n . i ng
pol ari zerc,lrcﬂéﬁﬁfd"’i%’@eﬁi @ﬁgﬁgﬁltﬁﬁayp%q té?qs%tﬁera?ggd eftshlf%létcﬁg@gr.lgl E?laflgéda(ﬁ%@
possi bl e 1 {setibEed. ardr the &ﬁﬁé&x&i&é&lﬁ%, ik lqnl3 QR ve SR 7Ryhstiicts a Kirapes t o
be included in the structures of FIGS, 14-18 in place of the

m cr 03 t r ustlarization sate f(rjlora_(ulllqo&?itligét inpekor Bseebiebastoum F}%lﬁ{iz‘?ﬁég)ﬁd Fgethed-H ncl ude a
S ar gEtd et bR ki Ty Lol dfveolatabish bR st fbn stz

appas at usfréhdbit6RAeNER6EE05 ik dedretll Boavingsilscordd is aotisafubedto vaseraghaseThe

di splay 500 of FIG 5 includes a cholesteric refl hj ve_pol ari.zer . 504. The
di spl ay 50ift Bperoreflaetiond skhinphase skiftronusris e lighyto RH light-for FapamistiPhBy | ayer
502, and I I 5 SterigiRPorSBE BHELRO! ari zers
501, 503 tﬁgf ?%%%%?{]%ggﬁ%}#&ﬁ%gg %it %%Bﬁa%ggctéﬂoé. fbl\ co?rpensati on or

r et ar dat i @fledtbt 506B3t prayidb dighrefledvitytand phaseahbift propertibs ingfude meptals Bkor

provi de other inproved view ng characteristics for tfgﬁ | i ght i dul ati ng

| ayer. Thulver s alymeom. o oBaquslasiade mejalygammpaty founedya ozgapialighis ¢ om
reflgctor, . : di splay further includes a quarter wave film507 in

bet \l}\gen t%nélﬁg%oﬁhggséri c 30 reflective polarizer 504 and the second

pol ari zer 503. |n theht reflestivembdewherdajsptay 509ts illaginged using mnbieat lighfht

cavity 505 is, cjrcul ar pal ar.i zed by.t chol esteri.c reflectiyv ol ari zer
con  Lor el tcshind afded ihE ey oAl S b ERuT A S ik eRe L2 |

pol ari z ?dﬁﬁ&#}vé Poitze 804 BR ntPihe 'ﬁ?htt &¥ity 308 Tebiphhanaifed 46 Wairky faahar i zed
(LH) light 1s reflected. For the transmtted |ight, the quarter wave film

507 const light tsexsit.| Foraxampiro REF lighitiapsmisted by the delastraicrefleqtiyp polarpeitoOfor use
b tt | i 03. F he. L [ j i |
D e L S 05 ol A RoghBhor S5 A AMLDS

) ase sni upon reflection

bot t om r efy @elcAbleSRfic iEFlcdBsd pelekizeBE0Y @i fsabhidei tovedfs ihe botastrefleted t o
cause a phase shift upon reflection. This phase Shif]trl converts LH |ight to
RH | ght 5@ Wpemibsisesondnefigetion fiom: he bedemreileciariactighh i tnsioaned o

Sui tabl e Bz?ci(ltg %I—Pﬁgﬂ%ﬁ r1§ f’ﬂlaﬁlyf t?a{nsﬁlﬂ%dqg;thg Bholesteric reflective polarizer 504. This
multiple bounce situation can enhance lateral pixel shadowing separation. Display 500
20 provides a display using ambient light or light from the light source without requiring the
inclusion of a transflector layer. Reduced thickness backlights, such as organic light
emitting diodes, appropriate diffusion layers, and/or appropriate microstructure layers,
may be beneficial to include in display 500.
The display 500 may include a front light as the light source, where an
25 edge-illuminated light guide is configured to direct light downward toward the reflector in
a viewing cone. This front light may be structured to provide an image splitting function,
similar to the microstructured film 204 of FIGS. 2 and 4, thereby reducing pixel
shadowing effects.
In an alternative display that also includes a cholesteric reflective polarizer,
30 the quarter wave film 507 could be eliminated and instead the cholesteric reflective
polarizer layer 504 could be provided with a coating that provides the performance of a

quarter wave film.
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reflector 506 that provide high reflectivity and phase shif i
include netals like silver and al um num o%/ opaqge el ect rof:lep:nce)ltoglrtsl =
comonl y Wowag4i7a7 organi c |ight 10 emitting diodes. |n thecrafsopsuiiye node
where display 500 is illumnated using ambient light transmtted through
the display, incident light 510 is transmtted through the cholesteric

reflective polari 5 apd . into t. . i T t}ﬁ% hi
are required for tzfﬁ S. gﬁ‘gfﬁﬁu tliﬁlpee%qnglgﬁglt)l?%é%¥g§%§aﬁ%t%rh%w%}?ans m'ytst Ie](cjt Ey
the chol £t 8HhisGes@ite8Ekbicre PRI Aficarss HOdnlih FIGS | 6-b2 coutd beks¢d phtheupon

reflecti fromthe bottomreflector 506. LH i h r.ef t

ch ]9: es% drdtto;r(r) eflegor 1Q@oidspay ¥ tl!ﬂhpt@ﬁﬂreﬂQCt%ZQé %ﬁ‘gﬁpl?%%&g(fﬂ@ &tGh quﬁg'? '? om
reflector. t,h I tyi e bottomreflector 506
LH |i ghtél_?%la}f ‘?%%mwédgr %gggﬁggr%c?ﬁglﬁ?@gag@sp?i nal |y transm tteél by the
chokesteric refl eckiG e showanipkmar miror 6DAitkat poonidésppecBaurBectaiceudbf on can
enhance | ateral pixel shadow.ng sepag %t' on. Display 5 2t0 o]y i a

di spl ay Dlglgﬁ@ﬂﬁ_@bﬁiﬁ(?ﬂncmdﬁh@ froy fager; G LR RO Eﬂ# nggﬁ fgd % 8 %gfqﬁﬁle
requirin he  Lngl usion: of t L RGHBratd¥e! multeRy&esblyheckiiess

backl i gh%gr,m R &S or_garrll 8nl%fl§lﬁ?%ém tti nrga di odréusl, agpr opsrli ate diffusion
| ayers, pRgcave hypisppotishbeniaahesippliat orthe iyersrfacappedpdneored al to
include in di splgi/ 500. . T{1e i splay 500 may include a front light as the
| i ght soenvénmgaBe: e RiysEs! RIMEMAN¢S i nat ed | i ght guide is configured to

fl! aﬁct light downvgjcl ﬁds%\ﬁ%q diftGse Bt oR DO inél0ding a\té:@uicdgurfaree702Thi s front
ignt may be structured to provide an inmage splitting function simlar to
t Eed m cr pﬁvﬁm aoneadlléd diffuOrefiettapedar a migaplayer e rldisymiry 5&3’%60 oy
shadowi ng effects. |n an alternatiye .displ a: : i

chol este 'Sebﬁé%ﬂtéekl?%e‘g@ral??%a&“? al n?rﬁg)rg%%%r? gétl @gar% %n&iggd;e goul d be

el i m nat gg,and é;rggﬁlﬁaqa}pé?@ogjﬂggr%h@f_i The opbgapliyef thpdiffuse nerrot deis 504
could be provided witha coating that provides the erforr’rance of a

quarter vanstrutied to subBtanialiyameinpan 7t lpest opspolatZaHeR Stqg? ERON WIS} st r at e

confi gurati ons for 3cbaLLam I 6l.ect bnfiQfey Bea HirRRL AmaPRR AickRilescr i bed

her]éi n. The struct own 2 could be used f
. or the bottom
r ef | ect ok A861296r Shi1SRaVAIFRER, laydres0DoThe mirref lagert &Y 1aQELO! e &peay 200 of

ez Ordesccriilbg Lv?t rgs%%ctot]:) Flf(l}g;L 6 gﬁd %).r Théb Sifglgé Ia?'er:rr] EE(F.Zf Ilng}(; %grbu%‘f'son%t ?1{1111@1 G 14.
to, a particle loaded coating. Parameters of the coating such as particle size, shape,
refractive index, topography, and coating thickness can all be adjusted to substantially

20 preserve at least one polarization state while providing the desired diffusion.

FIG. 9 shows a polarized mirror 900, including a mirror layer 901 and a
reflective polarizer 902. The reflective polarizer 902 should substantially maintain
polarization states in either or both reflection and transmission. Suitable examples for
Jayer 902 include, but are not limited to, multi-layer, disperse phase or cholesteric

25 reflective polarizers. Mirror layer 901 could either be a metalized coating, laminated
metalized film, laminated polymer multi-layer mirror, or crossed reflective polarizers.
Appropriate adhesive layers, not shown, may be incorporated to bond the discrete layers
together. Mirror layer 901 does not have to preserve polarization in reflection since the
reflective polarizer layer 902 can be oriented to provide polarized reflectivity.

30 For example, if light having P1 polarization is normally incident on the
polarized mirror 900 and if mirror layer 901 does not substantially preserve polarization

upon reflection, then the mirror layer 901 will reflect light of both P1 and P2 polarization.
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5 FIG 6 shows a planar mrror 600 that provides specular reflectance. The
planar mrror 600 includes a mrror layer 601 that may be, but is not
limted twpoa4paque ' alum num or silver coating on an Zpprusp/3aie
substrate or a multi-layer polymer mirror. Protective |ayers, not shown
can be applied to the mrror surface to provide inproved environnental or

physi cal _performance. . 10 G i ST ' |
Fext ur edtEurrauReRpg: o0t By be XM & iy i P BLCS PRIt /Aol 00 2
mrror | gy&ie Mkhat The psllafized mireyr@00 493 winje isglokizhidon preserviog. | imited to, an
opaque al unm'num or SIFVEI‘ coating on_an appropriate substrate. or.a
mul t ![ -l ayer pol ymeFIGyi10rshpws TH&Tyss pobrEphiipe { » HCPIRQEENg A PIOT Y6T | s
construc taq. thad | { nt-al : ' '
Fer et alia: BRI R e BB R B o
?205 I ggéliﬁﬂlaﬂg)bme rt?ﬂercﬁ% pblayigdr 980 Hesmibed idichdtiondo Fige?. Badiffuprlayer r or

yer may be of the type d ' it h ‘
di Tfuse. Femagbe mragposued Bie teamoria v csegon ot i e Be il T
coati ng. &Y ALGHS aWfisd e 16RRMED AIARE Nay3P oPdithuse héheSiva e MikbaRger 1001

refractive rndex; topography, and coatirig thickness can all be adjusted to
subst ant iral by sfilame sier maratlayeenddscribeel ipotlation et FIGS. Staad d- WHIPFPIF¥OVi di ng

the desired diffusion. FIG. 9 sho ol arized m ' |
mrror | aghesivep RohHRPVED: W%’fﬁ%&f’?ﬁ%@l cﬁ?oir%ghaygbszt@gélthée)g rDZI ¢ Ia?(\%]ewgg Ingr ?zer
902 pshoul gy gﬁ%&h@%' 100k Yio Rt B 1B preetva ipbaizhish S e réflectid plarizer bot h

reflection transm ssion. Suitable exanples for Ilayer 902 incl|lude, but
are not N00B tabe Dignedika prolvalpeolarided edlesiéviphdbe d@ffusélﬁ’ﬁi/aéié?‘%F’iiIEOTZ]é)og -

reflectivy ol ar.i S, rr | ayer. 9 Q ' r : 2]

coati ng, ﬂf"a'?ﬁ?tﬁat‘%ﬁfé'n@[ *’mol gér ?e’lp%ﬁ?‘;ﬁo? gianth%a ésg)fgg%t%ﬁeﬁgﬁuﬂ%{l ?ﬁ%gﬁ?ﬁr? ror,
or crosseggyuekl.a8dd Mandeiffisk pelafized MHiFRIrAN00 abevertib exflectve polenizer layet shown,
may be incorporated to bond the discrete |ayers to e[\ e 2 | ayer 901
doles not 1ﬂ|@3/.eAtscgiiiﬂe§é¢mEle|96Fléifiﬁiséﬂf’P@ﬁlZ?qﬂn\l’é‘Pq E@Pi%ﬁlépﬁ@%@f lf’%f | ective
po I zer_| aye l.ent r Qv ' ideeflectivity. 30
For%éxanﬁaél}l}[a\c¥ur (?6%? ﬁﬁﬁ@?"ﬁ‘g& Bﬁﬂgﬁﬂﬁ%&e&f@%ﬂﬁ%ﬁ&ﬁ%?ﬁ%ﬁ% 1({ehci dent onyt he
pol ari zed nmirror 9@¥Gandslidwsinother diffuge refRotvaiodarizentl 16Qhscoaparbtng §

rror o . . .
prece e ol lzeyon_upon T eqion, i b Tt reroh,
T WS02h 5848 aed Bl R oh X6 FRO! A TieRtifARP1ai 108 e dtisctet 0 only

allow lig arization
laminated film, where the adhesive is not shown, consisting of, but not limited to, a micro-

20 voided film.

A micro-voided film, also referred to as a microporous film, may be
included in the diffuse reflective polarizer 1100 to provide diffused reflection. A micro-
yoided film is a polymer film which has tiny void areas spaced throughout. Micro-voided
films can be produced using thermally induced phase separation technology. A

25 semicrystalline polymer and a solvent or diluent are used to produce a micro-voided film.
The polymer and the diluent are incompatible at low temperatures, but form a solution at
higher temperatures. The polymer and diluent are heated and mixed together in an
extruder until the two form a homogenous solution. This solution is then formed into a
sheet and cooled. During the cooling or quenching process, the polymer crystallizes out of

30 solution into microscopic crystalline spherulites connected by polymer tie fibrils. The size
of the microstructure can be manipulated using various techniques. After the polymer has

solidified, the two-phase film can be made porous by extracting the diluent and orienting
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energe, so that the polarized mrror 900 as a whole is polarization
preserving. FIG 10 shows a diffuse polarized mrror 1000, incorporating a
mrror | ayero3/040@1, a diffuse |ayer 1002, and reflective pararsoza13003.
The reflective polarizer 1003 is 5 simlar to the reflective polarizer 902
described in relation to FIG 9. The diffuse |ayer 1002 may be incorporated
into the_,o si de. of, the constr. i f L | th4 003, or
may be athﬁir}g’@r@g%}lqré]i‘ﬁ e %@tﬂahﬁ}gﬁ arge0 r Rf(g‘?o@ig]; éﬁ@égi‘aég ﬁg{sﬂie\%d.val\ah%r %r | ayer
1001 oy gt SthelebR indkéh g themriety efficlenyefiscideger ubi thitlmesel ation to FIGS. 6

and 7. Appropriate adhesives, not shown, nmgy be used to di sgrete

| ayers toget her. mﬁﬁ@@éror%fy@qdfil%@%“s&ﬂ&r&%? ¥ ECYIETHs ai%%?ﬂdgac%@t have to
preserve_pol arj zat | | | IRt dHehE ek Pailgl i gned
to provi 8 yﬁtglpdéa’ ?t%eerg r@%@g?lﬁ?ﬂh&ﬁg#ﬁg&dé:éﬁzﬁge pol ?ﬁnzedﬁ% rror 1000

i 11 gst r atigek.i Mofd (efct4blf d mivso-orded Bjay-brilahPBT filmenaxbasuss, weigh eay .

Additional diff | Ld_he added to.the diff | ari
7000 anosevawEcsareamatcasepse Pifturaias 118G 6 ibatpGaf @ebdrfiud tr oF
di ffuse BRe'f- %ﬁ% %Fﬂx[eg}ﬂéc?ige @99&%3&& 1062 DREGitMbIE ickandle oramiffae tefleedvdy 3M

covered W nmetalized coating on the diffuse side. FIG 11 shows anot her
di f fuse pefatieetil0e vumildbt DREFIBOmanwiacnsdrby IV daminateidiip ggaicioayided 101 and
a reflective polarizer 1 1 02. The reflective polarizer 1102 may be of the
type desédped in relation to FIG 9. The diffuse | ayer 1101 nmay be a

di sgyete |ani nat eghydi | Mnowhel Batdienfdhegiosoril2000Ths blaxed mrandayet i ng of
but" " hot limted to, a mcro- 20 voided film A mcro-voide ilm also

- f
r ef er r ed 1201 amyanatids, bpois eoslimitedrto, gdijted anirrpn OF dHEact s ar ili’@ﬂ’(gf fse
reflective polarizer 1100 to provi { f - ] <oy 0l ded
fiimis STpOEReA Prre Bier ﬁefﬁegg"rtlgﬁg’/g‘i/e%{lﬁ%rg%‘ggg E‘%%‘té*ea O upofitetlcSort

Mcro- VPib%?rovfdeL 0% afala@if s eetbctisitagrophgtivaldinctiomiioc est iplhasm
separation technology. A 25 semicrystalline polyner and a sol vent or
di | uent ateering epplicetiptsoduce a micro-voided film The pol yner and the

di l yent are inconpatihl t | rs iUt Jusdl SRk Wflcetdr of
hi g#gr t enperat ure ° H@nggw%gérpteglﬁ%g?ifl gﬁtaesé%}g élat.gkd@gnd m xed toget her
in an  exbhiddREreddE diffiisheclevnt oty deosimgen optimizs unifoonity Trd Brighinessi on i s

then forned into a heet and _cool.ed, Duri th 0l | . i
process, Mhiélt%'y@ing' bellegsé o8 f5is [of E%léné"ﬂ’tonﬂesl\?g‘%%? g?t%gos H%]’tq Sgl{rlﬁeg}%gggﬂc: :o Ing

i o1 ot R R e Gu Arer the
pol ynmer has requitd ttisffeatdre. tAdiffuso apisaseaidiin fillinenthp &ichiagrddmesis: by
ext 5(? et anor}trho lil’(ljgi tlhg %1 us?cl)’]ndpr%%iieeor}ttilg glbstantially polarization preserving axis helps to
maximize ambient reflected brightness. Diffusion in the backlight is desirable to widen
the viewing angle for the display. However, it is also desirable to have a gain in reflection
compared to a Lambertian reflection in order to have a bright display. A Lambertian
reflector is assumed to reflect light with equal intensity in all directions, and hence to
25 appear equally bright from all directions. Concerns for gain and diffusion must be
balanced to provide a display that has a sufficiently wide viewing angle and is sufficiently
bright. Slight diffusion to the backlight reflector can also help to minimize parallax and
pixel shadowing due to the displacement of the image reflector from the image plane.
The above specification, examples and data provide a complete description
30 of the manufacture and use of the composition of the invention. Since many embodiments

of the invention can be made without departing from the spirit and scope of the invention,

the invention resides in the claims hereinafter appended.

16



15 WO 03/ 042747 PCT/ US02/ 34413 the filmto tailor the size of the

m crostructure on the order of the size of the wavel engths of |ight,

t her eby mabioag4z7hem very efficient refl ectors per unit thiPCRNESs%344Che

m cro-voided filmoften used in display devices is a BaSO4-1 oaded

pol yet hyl ene terephthal ate (PET), having about 95%reflectivity and being
about 9 %&L\ﬁm\/}chl ck. More preferably, a mcro-voided Ti 02-1oaded PET film
may be u ) h can have refl ectance greater than 99% Diffuse |ayer
1101 may be incorporated directly into one side of the reflective

pol arizer layer 1102. A suitable exanple of a diffuse refl ecti&/e g[)ol arizer
1100 woulld beADBEHaY ppparaiancAPable of é&gﬁylf@wf%ﬁ?ﬁﬁ%‘%@oﬁﬁe eYIVH RS- Y% ed

film 10 FI G .1 I JAT refd 890 colhesiabazed mrror
| ayer 198Y aﬁ%@%ﬁ%ﬁﬂ%‘fm%ﬁ IS Sgigl% |dr?iLt§fen§eath)é,Mg&t%i 't eg@m rlrgor, or

di ffsractive or ot potwptihesystin cahprisisg a Aght raeddatingrlaysr bewfdeaatfpt 1200
ideal |y preserves polarization upon reflection, but provides an angul ar
shift inPﬁhélzméflfliﬁé?éﬁ%ééecﬁpéﬁaﬁ‘&%néﬂam’r ection for use in beam steering
appl i cati ons. aﬁ?so@%gﬁrlfgsh'flga\@tgcto R Cd'li%h@ shekhidierdest g light Ruviel y
specul ar refl ector or ome degree of diffuse reflectance may be_desired to
opt i ni ze agRitédronseleytivaiyl phoviidshtighe s the light modulating)layer, fhedight eaaty gzflectiog

ol ari zati on preservation satisfies.the.requir ent i
E ubst ant ii%ﬂi‘lleﬁ Hahtawity a g degfes th?ﬂohzﬁlzﬁg%rk&%ﬁ { n%g%blt ﬁéhtf glr%\f%%%tcgi spl ay
f‘}ogﬁ){ at “égréﬁ%.géd [ LRHES SR LbREbWaRE thAlidhf mbsEatg layean ikiminke the | i ng t he

gui erture. 20 Controlling the diffusion profile of the
subst ant ididplay ysidgeorily ambisnt hghtde theirafeciive snadel #l t o naxi mi ze anbi ent

reflected brightpess. Diffusi.on i h J | G | i den the
vi ewi ng angl e %" e%ﬁ‘g Pg}%‘ﬁFra@).Sp%S%%tg??&ﬁ%H%%g%%ggﬁggg%gﬁggq?%ﬁﬁgve a gain
in refl echiign adsRBPRY ®hsht Bcdndsodent dfancidert light having mfint pelerizaionaué a
bright display. A Lanbertian reflector is assqt;néd_to_ refl ec{ﬂ.l ight with
equal i ntrefesit ygoinpondnt ofthedreifie dighhayingehiesorbPYBIZAN0BAC BFFHIYY bri ght

fromall directions. cer f : 3 i i grizaBighanced to
pr ovi de d° Clﬁgévnﬁ@zgt%? %laesseg&lsdtﬁg ?rgzﬁléﬁr% Wﬁ%ﬁgﬂf‘iﬁ%&ﬁ? gﬁ%(lhe and is

suf fi ci endrbater thir GlbtfirstSle@biof defdlaridation toprohile Bighkof thhfirst pplagigatinn. can al so
help to mnim ze parallax and pixel shadowi ng due to the displacenent of
the image reflector fromthe i nmage plane. The above specification, exanples

and data provi-fg (ﬁsﬁwp%}a?usdﬁ%@zﬁhpf {vBein the reflecting polarizer is a diffusely

reflecting polarizer.

20
3. The display apparatus of claim 1 wherein the display apparatus does not include a
transflector layer that is partially transmissive and partially reflective.
4. The display apparatus of claim 1 wherein the reflector of the light cavity is a planar-
25 MirTOor.
5. The display apparatus of claim 4 wherein the planar mirror includes an opaque
metal coating.
30 6. The display apparatus of claim 1 wherein the reflector of the light cavity is a

diffuse mirror.
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30 of the manufacture and use of the conposition of the invention. Since
many enbodi nents of the invention can be nade w thout departing fromthe
spirit amdolsomI4pf the invention, the invention residesPCa/usay3giini ns
her ei nafter appended. 16 WO 03/042747 PCT/ US02/ 34413 WE CLAIM 1. A

di spl ay apparatus capable of displaying information in a reflective node

using only anmbient.light and.ipn.a.t M SSh¥e OREs Welel t ource,
conpri si ﬁg: Sﬁeﬁi‘%}ﬁy ang%ﬁlgtof ﬁfggmgfs‘%%&?éﬁ%%‘@f ng aoi | gﬁt lsﬁsoéjt?g%rﬁg | ayer
bet ween @uffidest polarizing |ayer and a second polarizing |ayer; an
isotropic light cavity conprising a |light source and a reflector, the |ight
cavity adapted to selectively provide light to the |Iight nodul ating |ayer,

the 1ights cavigy gl Gbhiiths drafllRnddafthe Wikile frifrby cmisies @plabr

depol ari zatio ent Ti1ght, e reflector 10 configured to

reflect apBiopMyet i@ diffovelaglet he |1 ght nodul ating layer to illuminate the
di splay using only anbient light in the reflective node; and a reflecting
pol ari zer di sposed between the |ight nodul ating | ayer and the |ight

cavity, gdapt eﬂlgt(ﬂs'pté%@tmattusaof%%qnﬁﬂéreﬂlfth@: PéFle@RR of tHedftht bvviyrgniprises St

pol ari zaton an a conponent of the incident |ight having a second
pol ar i zatd jeflective@opeizer irgler mirford aferr.avhdreig thhweflerigre padarizehef hedighticavity

pol arization with a second degree of depol ari zatio eat . the first
degree ofSUBERHIAYBUREES a'tpé??aﬁgﬁ'i}‘inhga‘ieilﬁ ﬁfleﬁ%t OP?@{E ]fel?lre g np%ﬁdgc?“i@%ﬁgg}rﬁlf 2.
The, i spl ay apparatus of claim1 wherein the reflecting polarizer is a

di f%usel y reflecting polarizer. 20 3. The display apparatus of clajm1l
wherei n tige diEp displapgaretusofdban hwheiehthg gllegtorof Hiedtght 648t OMPEISCY hat

is partially transm ssive and partialdy.. Y : Lapl ay

appar at us? %‘¥f“éq BYA %\/Wr’gro ,Cﬂmpﬁgng 3??%%%%?%@8%%%%}1?3}%%%gevfgt y is a planar
25 M 110l po 5zl BEHE 13RI @¥itgREG Ay elaithiab mpdlavhetic siate ireatjeashenc of 1 r or

i ncludes ‘an opaque netal coating. 30 6. The display apparatus of claim1l
wher ei n tieflectml andttansipissiohe | i ght cavity is a diffuse nmirror.

15
11.  The display apparatus of claim 1 wherein the reflector of the light cavity includes a

beam steering layer that provides a shift in the reflectance propagation direction toward an
optimal viewing angle, wherein the reflector substantially preserves polarization upon

reflection.

20

12.  The display apparatus of claim 11 wherein the beam steering layer includes mirror

surfaces tilted from the horizontal.

13.  The display apparatus of claim 1 further comprising a first microstructured film
25 Jocated above the light cavity and below the light modulating system, the first
microstructured'film comprising sawtooth formations, wherein the sawtooth formations
each include a tilted surface; wherein ambient light strikes the first microstructured film
and a first portion of incident energy of the arhbient light is refracted in a first angular
direction and a second portion of the incident energy of the ambient light is refracted in a

30 second angular direction different than the first angular direction.

18



17 WO 03/ 042747 PCT/ US02/ 34413 7. The display apparatus of claim®6 wherein
the diffuse mrror conprises a textured surface. 8. The display apparatus
of clai mwowhesrivh the diffuse mrror conprises a planar PETRIS02/34413 ayer
and a diffuse layer. 9. The display apparatus of claim1 wherein the
reflector of the light cavity conprises a reflective polarizer and a

mrror |layer, wherein the reflecti ol ari.zer of || I
subst ant 1%l | yThedplay ﬁEPaéatﬂépga?Eﬁxgé‘ﬁle@%tkg *W?%%tﬁ qugtlglg%]aggo atrs'iédfel 0efcti on
and tr a“ﬁl@fﬁ%ﬁ{gﬁs}% wd fifDBcRHoSR BYhtaRRRIAtIgSys®mc] ai m 1 wherein the

reflector o t cavity conprises a diffuse polarized mrror
conprising a reflective polarizer, wherein the reflective polarizes of the

l'ight cavity substantially maintai ' j i 1 | east one
of  refléeti oﬁﬁaaﬁ%éﬂg?ﬁ iOBEfmﬁggﬁ?ep%@éﬁﬁ#%og%%ﬁﬁ f;ﬂéﬁ %)Sf claim1
whersei n Egﬁé%u‘?éd t%ﬁ}r@\yidé’fan tdefedsé B bigghthdsy of lightidesasge digdawisg daestivgs| ayer
t hat provi a shift in the reflectance propagation direction toward an
opti mal Vdeeimigrige Bghjlceyitwherei n the refl ector substantially preserves

pol ari zati on upon reflection. 20 12. The display apparatus of claim1l
wherein the beam steering |ayer includes mrror surfaces tilted fromthe

hori zont gk, 11-11116'&[5?1@ a?gh@ms&ﬂlamimtlaswl&freinltm dislay appangus depspor Bichgea fir st
m crostructured film

| ocat ed _above the | ight cavi.t nd bel he | i ght
nodul at i mgnsfiestasdayer Hat fs HaéﬂiauYrﬁe@?‘ﬁk"teraﬂéPﬂ?@ltl}gﬁap?ﬁuégﬁ%}’?at&eﬁ%ﬁlgg%hgot h )

forpations, wherein. . ormations each include a tilted surface;
whetei n é%ﬁcgﬁ?Jﬁeg@p%orﬁ%gﬂaagiﬂ rst microstructured film and a first
portion of incident energy of the anmbient light is refracted in a first

angular direction and a second portion of 1he.ncident. r of the
anbi ent 117ght Ths dri%PﬂEFYa%ﬁpé’amisrPféPl%@ 1536\8&?{ n&h‘@{ﬁdﬁ?tl‘éﬁ l?og%:rle%ggstg%(P erent than

the fi rStnn%Pc%H—llé"’{ﬁre‘aifﬁﬁfti on. 18 WD 03/ 042747 PCT/ US02/ 34413

15 18.  The display apparatus of claim 13 wherein the first microstructured film is above
the reflective polarizer.
19.  The display apparatus of claim 13 wherein the reflective polarizer is above the first

microstructured film.

20
20.  The display apparatus of claim 1 wherein the light source comprises an organic

light emitting diode.

21.  The display apparatus of claim 1 wherein the light source comprises an edge-

25 illuminated light guide configured to direct light below the edge-illuminated light guide to

the reflector.

22. A display apparatus capable of displaying information in a reflective mode using
only ambient light and in a transmissive mode using a light source, comprising:
30 a light modulating system comprising a light modulating layer and a first
polarizing layer;
a light cavity for providing light to the light modulating layer;

19



14. The display apparatus of claim13 wherein the sawtooth formations are
on a side of the first mcrostructured filmfacing the Iight nodul ating
system 180 03oe27d1 spl ay apparatus of claim 13 wherein thePCTEs02/34413
mcrostructured filmis 5 configured to provide an increase in a brightness
of light in a range of viewmng directions |eaving the light cavity. 16.

The display apparatug of claim.]13.wherejn t i APPRY

include a tréad chgﬁgqatqzc@gfg?wglp]eglgggtlga‘ﬁ r%nidgﬁﬁpg)s‘?(g ?ré((::tl ve ngffl pgfrat?isalnf);
transm Sglﬁﬂﬁcia%& WREBirbA§ight @ard feSipHt Seddatng hged toghtminetiuhadisplgy| ayer .

17. The drsplay” apparatus of claim 13 wherein the reflective polarizer is

t he fi rsusingioolyostbiemttligheéh the reflectine mede; e di spl ay apparatus of claim13

wherein the first mcrostructure ' ' j ol ari

19 The di apl yrsisprereteb Migieni TR BPRUR cal it od B e S T
above t heyddulsing sYitemhOsle st iicasbubitured fAfh @nprisives tiwsqritaforappanat us of
claim1l whereinthe |ight source conprises an organic light emtting

di ode. 2IwheTdie thei ptegth fgrpatignyiachindlpdg Wliewg‘?;n the |ight source

conprises an edge .25 il| um |4 Al j i i gh
bel ow t he edg é”fir%ﬁlﬁ ﬁ{n:%etng ggﬁtlastgtﬁ%sgdﬁ?g%t ?%urgftﬂ%a%dfl Iﬂ}ehg ?g? h ﬁ% I.Pb%\mélli dsf :o ? a;
appar at ugpGagkhecobf tesphisyitright Birefrandd inra fimt zngukst Biseetiopangdecans n

g

only ambient light and in a transmi ssive node usj a light

conpri si rpgrtigpoighe 1@&611%@@% th gep&ﬁglgd gag{eﬁ gs?c%o%a an ce,

| a and,.a fi . . _ gnt ul ating

cDYf . Ch it Ei?fere‘?x?h%'tﬁé ﬂﬁih didchid@ht cavity for providing light to
e 1ight ulating layer; 19 03/ 042747 PCT/US02/ 34413 a reflector

| ocat ed bel ow the light cavity and di sposed to receive light fromthe |ight

oty o 0 CGel gL Lotsr AT ) O AR08 Aty o i
m crost r ygt wred.ikickmdacatas moay el koghlrisavjstamand bel ow the | ght

15 24.  The display apparatus of claim 22 wherein each sawtooth formation comprises a

prism.

25.  The display apparatus of claim 24 further comprising a second microstructured
film disposed below the first microstructured film, the second microstructured film
20 comprising sawtooth formations wherein each sawtooth formation includes prism having a
tilted surface, wherein the sawtooth formations of the first microstructured film are
perpendicular to the sawtooth formations of the second microstructured film; and
wherein incident light that has passed through the first microstructured film strikes
the second microstructured film and a first portion of incident energy of the incident light
25 is refracted in a third angular direction and a second portion of the incident energy of the

incident light is refracted in a fourth angular direction that is different than the third

angular direction.

26.  The display apparatus of claim 22 wherein the first microstructured film is
30 configured to provide an increase in a brightness of light in a range of viewing directions

leaving the light cavity.

20



5 nodul ating system the first mcrostructured filmconprising sawt ooth
formations, wherein the sawtooth formations each include a tilted surface;
wher ei n awbioany2747 ght strikes the first mcrostructured fiPCrEa3a13irst
portion of incident energy of the anbient light is refracted in a first
angul ar direction and a second portion of the incident energy of the

anbient |ight_js.refracted in se j i wfihanghs than
the fi rs@7-angﬁ|1%ﬁhs§l?¥ EBR4'd _so%%gnq%%@&e%%? %%%gsﬁ%‘&r%?l%ﬁ%f&gls gdi)trgl.ZZ wher ei n
the sawt ﬁﬁ’ﬁs?leét@f 1Bt @RSis PaRianf réflestideans partidley framssatissivedrepgeanbe ligkid fil m
facing the [ight nodul ating system 15 24. The display apparatus of claim
22 wher esouresaid thalighionpddlaingdeY®n conprises a prism 25. The display
apparatus of claim 24 further conprising a second mcrostructured film

di sposed below the first mcrostructured film the second m crostructured
fil® 20 g@npr irs BEpRGWhpLkins bochah 20 meewdie theisaweath faraationt of thofiFt i on
includes prismhaving a tilted surface, wherein the sawooth formations of
the fi rsmitrrbstrl@él!rpdlélgfnri@duch PRRESUUSBYSendi cul ar to the sawt ooth
formati ons of the second mcrostructured film and wherein incident |ight
that has passed through the first mcrostructured filmstrikes the second
m crostrggtur EmieHiéplﬂy&ipﬂaﬁtdsiorfsIaimdBtWhEneimtheimmﬂ@ﬁtﬁf%ﬁ?@ﬁ@ybac%dt he i nci dent
light 25 is refracted in a third angular direction and a second portion of
the inci @grmiéher gy of the incident light is refracted in a fourth angul ar
direction that is different than the third angular direction. 26. The

di s® ay apparatus of claim 22 wherein the first mcrostructured filmis 30
conf i gur &g, t o Theaplisy appaiansrofalémi2y vehesein ghet wEeeonef the gt aitRISdnge of
viewing directions |eaving the light cavity. 20 WO 03/ 042747

PCT/ USO2/Plnan 3119ty - The di spl ay apparatus of claim 22 wherein the display
apparatus does not include a transflector layer that is partially
reflective and partially transmi ssive between the |jght _source and the

| i ght nodil at iThg disppasr appsraz&ofwemoﬁos\ﬁhea?né?ﬁp%l@%%fdgmglr AR A8 SPEHEr ei n t he
sawt ooth formatjons of the first mcrostructured filminclude pyramd

st r ket ur dectabigalifge g spl ay apparatus of claim 28 wherein the pyramds are
squar e- based

32.  The display apparatus of claim 22 wherein the reflector of the light cavity is a

diffuse mirror.

20 33,  The display apparatus of claim 32 wherein the diffuse mirror comprises a textured

surface.

34,  The display apparatus of claim 32 wherein the diffuse mirror comprises a planar

mirror layer and a diffuse layer.

25
35.  The display apparatus of claim 32 wherein the reflector of the light cavity

comprises a reflective polarizer and a mirror layer, wherein the reflective polarizer

substantially maintains a polarization state in at least one of reflection and transmission.

30 36.  The display apparatus of claim 22 wherein the reflector of the light cavity

comprises a diffuse polarized mirror comprising a reflective polarizer, wherein the

21



pyram ds. 10 30. The di splay apparatus of claim 22 wherein the reflector of
the light cavity is a planar mrror. 31. , The display apparatus of claim
30 wher eiwotodm4hanar mrror includes an opaque 15 netal pcoatSonsu4182. The
di spl ay apparatus of claim22 wherein the reflector of the light cavity is
a diffuse mrror. 20 33. The display apparatus of claim 32 wherein the
diffuse myrror c rises a.textured surf : | tus of
cl ai m 32reAIREH 1?10? f&‘&t#%&éﬁm o) Blra ?iggtlsong’s/llabtf %%rlgdsﬁlgﬂrlf%fréﬁgc;{eo? and a
diffuse Lay@insndssice: The display apparatus of claim32 wherein the
reflector of the light cavity conprises a reflective polarizer and a
mrror |layer, wherein the reflective polarizer substantially maintains a
pol ari zat i on ate jn at | f - td NHa$BV Heludd® 36.
The di sp%Zy a%&?&?@ aBParéﬁ‘gi%?nc%ﬁ%ze"?%?gﬁht eﬂeggﬁtla‘y&tgé ﬁg? th,eyl i ght cavity
conmpr i seg vaadlistkHae 1490t @i Fedides & slft in dpreflsetancespropsgaten flivectivaltawarger |
wherein the 21 WO 03/042747 PCT/ USO /34416 rﬁhl ective Bollaﬁéit%)%ru

subst ant rabpimekyiaviigragk. poekn e reilhstasypRantplly Proseres PRRE“GI P ect i on
and transqu§ion. 37. The display apparatus of claim 22 wherein the

refl ect of'6f"?he 1ight cavity includes 5 a beam steering |ayer that
provides a shift in the reflectance propagation direction toward an

timal view l e, wh i h flect bst i . 4
ol & zaBon isnstmesEor! e ST by EP el RAFES s
mgﬁﬁ' n tsgg%%?%@gg%wgg IO{SI g1 includes mirror 10 surfaces tilted from
. . p a

ori zon y apparatus of claim 22 wherein the |ight
cavity is isotropic and reflects incident light with a first degree of

e o T AR g MG PR St 1o
incident light with a first degree of depolarization of the incident light, the reflector being
configured to reflect ambient light toward the light modulating layer to illuminate the

15 display using only ambient light in the reflective mode, the display apparatus further
comprising:

a reflecting polarizer disposed between the light modulating layer and the light
cavity, adapted to transmit a component of incident light having a first polarization and
reflect a component of the incident light having a second polarization, the polarizer

20 reflecting the light of the second polarization with a second degree of depolarization

greater than the first degree of depolarization to provide light of the first polarization.

40.  The display apparatus of claim 39 wherein the reflecting polarizer is a diffusely

reflecting polarizer.
25
41.  The display apparatus of claim 39 wherein the display apparatus does not include a
transflector layer that is partially transmissive and partially reflective.
42.  The display apparatus of claim 39 wherein the first microstructured film is above
30 the reflective polarizer.
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15 display using only anbient light in the reflective node, the display
apparatus further conprising: a reflecting polarizer disposed between the
| i ght noowbaBiomy4? ayer and the light cavity, adapted to PCAMES0R/B4483
conponent of incident light having a first polarization and reflect a
conponent of the incident |ight having a second polarization, the polarizer

20 reflecting the.light of th ecopd pol.ari Lo W Eh. e of
depol ari #4t | OJ%G&ESQL%%’&PPP%&}? Oﬁfﬁ 1, s‘?l?e&ggrdéeélae(&)]?%\&ﬂq%}%rzgﬁ fbgﬂg?%qg%tgvi de
l'ight of tibgsfrhdiiled@hari zation. 40. The display apparatus of claim39

wherein the reflecting polarizer is a diffusely reflecting polarizer. 25
41. The di spl ay apparatus of claim 39 wherein the display apparatus does

not include a . .transflector |ayer t i.S: Ll K ek Sin\GRo Al
partial | 0e o Y %E’.”%Se&ﬁ%‘%ﬁ%‘;’%%%gﬁg% R spUrch CORPIL I BEAel | o

firsg m qugggrmﬁﬁ%lai@ae,fi Imis above 30 the reflective polarizer. 22 WO
03/ 042747 "PCT/ US02/ 34413 43. The di splay apparatus of claim 39 wherein the
reflective polarizer is above the first mcrostructured film 44. The

di spl ay par at.us,. of ' i -l Fe RofPHBS sme8lg@n Or gani c
5 1light e "tt%dd?pcl)a e#@fg%tgﬁ%@ﬁﬁ%ﬁg}ag&}ggg%iﬁgf cl gl?m 22 whgr_ei n the
li ght sounggimennidhs gsiderostigeed id ditet hghtéldvw tetedgeriliraniaad lightr side '@
direct light below the edge-illum nated |ight guide to the reflector. 10
46. A di Spe fleai9par at us capabl e of displaying information in a reflective
rmdf using only anmbient light and in a transm ssive node using a |ight

sou %e, conprising: a light nodul ati ng system conprising a |Iight npdul ating
| ayer betageen A dispiastapppabssrdapibieof digpleying dnfarrsetiosra apeilective mngevaipgr; 15 a

light cavity conprij.sing.a |ight saurce.and a_r r {;ﬁ}l'.ght cavity
adapt ed tQUYy awpieat flglg@gldﬁ? BGW%H%T”F?&%{I’OF%‘J?H%allﬁéﬁ()%rr%da?% i Srllgé'l ayer, the
reflector confy H%{t%&u@atﬁ%fsly%ﬁl comffiRishita lighy Rodubiap dayechbetiveghs finwdul at i ng
layer to illumnate the di'splay usi n? only

polarizing layer and a second polarizing layer;

15 a light cavity comprising a light source and a reflector, the light cavity adapted to
selectively provide light to the light modulating layer, the reflector configured to reflect
ambient light toward the light modulating layer to illuminate the display using only
ambient light in the reflective mode, wherein the reflector of the light cavity causes a
polarization phase shift upon reflectance; and

20 a cholesteric reflecting polarizer disposed between the light modulating layer and

the light cavity, adapted to transmit a component of incident light having a first

polarization and reflect a component of the incident light having a second polarization.

47.  The display apparatus of claim 46 wherein the display apparatus does not include a
25 transflector layer that is partially reflective and partially transmissive between the light

source and the light modulating layer.
48.  The display apparatus of claim 46 wherein the light source comprises an organic

light emitting diode.
30
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anbient light in the reflective node, wherein the reflector of the |ight
cavity causes a polarization phase shift upon reflectance; and 20 a

chol est erwo m@ii7arti ng pol ari zer di sposed between the |i grCTrsduBa13 ng

| ayer and the light cavity, adapted to transmt a conponent of incident
light having a first polarization and reflect a conponent of the incident
| i ght havi,ng second pol arj 1.00. ! kE Spl | ai m 46
wherein flhe dlarg’ﬁﬁwpag B?Iz%fdﬁéﬁgi)ag@ 4r?o hef%@ﬁjeg%gﬁgs gél?(?}g%@%‘e?g%? %%ecl ayer
that is pahindlelYichebliestonfuasicodiett lifhk yelbwahs dgsillwmitrseddight gtide i ght
source and the |light nodul ating | ayer. 48. The display apparatus of claim
46 wher eitle teflectpi.ght source conprises an organic |ight enmitting diode. 30
23 WO 03/042747 PCT/ US02/ 34413 49. The di splay apparatus of claim46
wherein the |ight source conprises an edge- illumnated |ight guide

confs gur &, t 0 Therdespllay dpphiatisedf eluimis fertyer-dokpuisingat aartet whve o dispessd t he

reflector. 5 50. The display apparatus qf .claim46 further conprising a
quart er \h&?’éﬁeﬂith‘?ﬂlﬁ}tM@Gmg%gﬁ%‘é’ﬁdm&o}eﬁ%ﬁm @‘;(flu&?ipﬂ '“Jstem and the
chol esteric reflecting polarizer. 24
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