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WD 2004/ 099869 PCT/ US2004/ 012866 STRUCTURED

TRANSFLECTORS FOR ENHANCED AMBI ENT AND BACKLI GHT
WORERATISEN OF TRANSM SSI VE LI QUI D CRYSTAL DI SRUBXYS2084/012866

Field of the Invention This invention rel ates

generally to displays, and particularly to

transfl ective displays that operate under anbient

lighting and al so with backlighting. Background 10

The physi cal downsi zing of m croprocessor-based

t echnol ogi es hSQ‘RLéGTUREm&RMEL_@EQRSﬁO@ort abl e

per sona A\ , Segret e W LEL eSS A

phones, ="aH« ‘ Stk =3A LR
devi ces SUCW@AN@W%VE%@&DBSQRWMJD%MW@ o
have the conmDm Need for a data di Splay Screen havi ng

| ow power consunption in order to extend the useful
wor ki ng period between., | /15 reI acenents or
battery chargi ng. ThefH ¥

: BEABKERUAR of display in
Suc‘hhi@‘?ﬂvegﬁ%n' n%lét@?gbh@kéll tér usEﬁéVs ‘é‘n%l%eﬁﬁculé#l?@ transflective

e classified based on the source o
displays rMnatactpemate Reddrearnbieat lighting aiyd atsoevith baoklightied. by
anmbient light entering the display fromthe front. A
reflective surface, such as a brushed netal reflector
pl aced behind the LCD retBasclsgrdund ght that has been
transmtted through the LCD whil e preseryi
pol &h¢ Ewsa' d@w%ﬁmstqfcswcmpr@ﬁ%saqr-@%eﬂﬁ%&%&wg@ﬁ hasded to the

de\ﬁf)ﬂ)ﬁx%t aﬁpwﬁuécp%rs&ﬂél %Hgmér%f ESEKét‘é“ec?étéHbé}’\ﬁlrel@%@‘phones

need f OW power con di splays are
ancd)plageu;s eAlubf thma&erdeglm!s aadmtleeﬂdew@st suh asnmwsowstches
| ow | eve of anbi ent

U f1
calgyigfis s iaitiavariie ROniPPR MR of g ot AP SerpEpdiavfiiow power
cor%‘ryrﬁ tior! @ dr8ek ! td’ Sx@hﬁﬁhéhsaﬂﬁ wo?ﬁinb'ﬁ@rb@doéﬂv'ebht%ttery

er type of LCD display is a backlit display, in
repMﬂarhemtsgjﬁtbattergehamgad behi nd the display and is

SR ot PEAEhEBLE KR PSR gy vt ciplay
(LG‘D}” Q@Dw@y Sclassifielbaest uboRghdisedecd SEMimitatidh. Reflective
2004/ 099869 PCT/ US2004/ 01286

displays are illuminated by ambient light entering the display from the front. A
reflective surface, such as a brushed metal reflector placed behind the LCD returns
light that has been transmitted through the LCD while preserving the polarization
orientation of the light incident on the reflective surface. Although reflective displays
meet the need for low power consumption, the displays are only useful under good
ambient lighting conditions. Under low levels of ambient light, the display often
appears dark and is difficult to read. Therefore, the purely reflective display has
limited utility.

Another type of LCD display is a backlit display, in which light is generated
behind the display and is transmitted through the display to the viewer. Typically, the

backlight assembly includes a light source, such as a light-emitting diode (LED), a
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fluorescent |anp, or other device that emts |ight,
and sone optical elenments to direct the light from
WO b4l emtter to the LCD. Backli ghti ng nmeRCHUSWOLE12866
used to supplenent a reflective display so that it
can be used over a wi de range of anbient [ight
condi tions. However, the introduction of a backlit

ﬂuo?émlwlmbn@rr&ﬁésaemé tmvxahnténgiﬁtabnd FRnid 8phaditedéments to direct
significantly reducin useful battery [ife, or the

thetllgh’efrb@t ihedight bautt%rrty%bﬁé@? ~Beckiighiingany miaq ba Used to

suppfipehii et Wy ST T o e bl s o PloRfangs of ambient

light Eangitibes! Hewvdviet the snipddadidngtaveseklit Besdrably inbkHske the power
i ght source, and is used for refl ectl%geanbl ent |i

ght
dratnhen thrakatberynsigoificraig Frducig ther esaiul batery difs.1dhe fite between
bat{ '@Bﬁ%}@%@g light fromthe Iight source to illum nate

ummary of the Invention Under ambient
| i gftié ogmbinadioniof hackigivimgewith antarabisht exfleictiee tidptay introduces

theifarden TRGHISEVE fghpl 1§ HAHETes I s dagesk bRgvestthe LCD
anqllﬁe' I@ﬁ %ogﬁfed fé:hdtlé’ u¥E&Y6r r-gﬂbétlr‘l%aﬁﬁr édtch hetHat Ha@%éé‘ﬁe

IS a color di atln I'n
trar’&atmktbdtthrm@b therlnﬂ:[b had eremsmnhnghlghéf/rehstlm‘ Ilghttaoem;e to illuminate
L,Cﬁﬂ Accordingly, there is a need for an inproved
the{ sflector that inproves the viewability of the
i mge of a color display when operating with high
| evel s of anmbient light. The traPsflepto reflects
and transmits |ight S¥mmaryafthednvemion it and may

ngﬁﬁcﬁéﬁ%ﬁ%%ﬁiﬂ ﬁ@nt‘?@d&%(ﬁ@ ﬁ?rh%@\%v%?ea frahbfsdRe fﬁ@iﬁ?ﬁéﬁ gives rise

over a de angu ar range.’ 1n one parti
to eespeclilaerflectidreot thedntident lightdivedappihgtihedmage, thus making the

tr nsflectlve i.splay device that c rise . .

im ggq vigvi This 5 Paetansdne gase BN 16 Qpdlay.ng cglor display

opé?ﬁﬁﬁ% Iltjﬁfo' &l BHd @hérteuér‘é rﬁ%;ﬁl’@lé‘issof AmlbiéHtllight. Accordingly,
source I's |spose to the

thete Bnes nesd ifareamn inspioargd Ulrartsﬂe(étos maiamwr@cea m@nseWebdltyr of the image

o Ao TSRS P o R haSh P PR 790 st

refleBG! atPRafsmits TlgWﬂWFtl?Pecﬁ}Heﬁjaé‘cﬁoraé}ﬂft@nHaﬁay% structured so as to
dielectric reflector disposed over the structured

spread fthe eefleztasbambientiighBeverciesisad enguolap sawge.

In one particular embodiment, the invention is directed to a transflective
display device that comprises a transmissive display unit having a viewing side and a
back side and defining picture elements. A light source is disposed to the back side
of the transmissive display unit. A structured transflector is disposed between the
transmissive display unit and the light source. The structured transflector includes a
structured surface and a layered dielectric reflector disposed over the structured

surface.
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I n anot her enbodi nent, the invention is directed to a
transfl ective display device that conprises a color

wo ean®9ssesi ve di splay unit having a view ng siPET/EHIH0H012866
back side, and a structured transflector disposed to
t he backside of the color display wunit. The
structured transflector conprises a structured

suhRtaRitifeNEYbBdintert, mterm@émrcﬂduswe‘cmﬁtoaa@kaasﬂectwe display
dielectric partial reflector disposed on the

deviaer het gpaprisea e ealer, travnisatveldigiay LAkihaving aiiavriag side and a
bac% (2&'—&, Hnd 8 g&r&% Lﬁ%&%’%ﬁsﬁ%&{)ﬁg{spggéd ho'tif Bo 958(5‘? Tde of the color display

structure rans
unif. ITRIgE strigife® Hahstedtangsmpfisel 8 etuictured Subsiralm halnhga

surrounding the glare direction abov una
struchigegrsaktace and @ Hislesiric Papi! r@ﬁ'ﬁ@%@ap%e @%P? @ﬁl@@hfﬁd
I
surbfs! ABICERY B0 OF e Ol YRt bARRERRIGE Ry B2 lre

dlr@:esnramitﬁherstmmm’edft:dﬁsﬂecm m‘lqﬂs tragé dghtyoerentangeyof direction

t hese enbodi rie scription of the Draw ngs
SUb‘PF?é“ﬁWéHmeﬂ Seg ‘%'gﬁﬂﬁi etely understood in

c O”F’H&' 8habé @E_gﬁvfyarkgﬁ tHe pfééén@mv%tléﬁt@hb?%té#ﬁﬁéﬁ fcrdiéstitibe each
of varrous e of

the I nvention in connection
illustrated teimeabcai]mm;banyve@ lmpmmagt@tlon of e presemt @veantion. The figures

th | ust s an _enbodi
and fhbrdipled fobotptan uhRhIZUAY aidts RAsEMpHE P mpity thene
emBb8B§dftsi nvention; FIGs. 2A - 2C schematically
Illustrate cross-sections through different 20
enbodi ments of transflector according to principles of

the present invegifbeder t|o°h of B DiraAh gy

illTustrates a di inates used in. i
desEthé biventionphay he nwemmwemly vaderstedbini¢ersidgration of the

N e S
wﬁl‘%hé:b&:or%pan{/lﬁgdYQ\Mn@QSmV\ﬁhl@ﬁ‘S of base angle from6 to

schematically illustrates a portion of
anofi@r1 ecirdatieally ibistrates ansimbedimeni ot arteansective display

i.nci.pl es of th resen .on; FIG 5B
aC%&ﬂ'@H‘&BIR{QCfR}eﬁ; P Qrgis,gét ' %@H 'on of anot her
enboidreny - oF sthehiatizally fobrateacross dettotiotipougis different
of the present invention; 3
embodiments of transflector according to principles of the present invention;
FIG. 3 schematically illustrates a display and co-ordinates used in describing
optical paths relative to the display;
FIG. 4 presents plots showing calculated optical responses of different
transflectors as illustrated in FIG. 2A, for various values of base angle from 6° to 20°;
FIG. 5A schematically illustrates a portion of another embodiment of a
transflector according to principles of the present invention;
FIG. 5B schematically illustrates a portion of another embodiment of a

transflector according to principles of the present invention;

3
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WD 2004/ 099869 PCT/ US2004/ 012866 FIG 6 presents a
pl ot showi ng a cal cul ated optical response of a

wo cansddsert or havi ng refl ectors di sposed at a PERy82004/012866
angles from6 to 20, according to principles of the
present invention; FIGs. 7A and 7B schematically
illustrate enbodi ments of a transflector having 5

nonFiG reeefes%ﬁié 5@&%&@@@5%@%@%@% Fésﬁbbhﬁé i e&fansflector
of present ention;”  FIG 7C presents pl ot

ha\sh@mfmt@rsahsmﬂaﬁ alga oamga:@ﬂ anglepiageboto 30° according to principles

ransfl ctor having curved reflectors, curving over a
oft}xg,pdgs%q 'ﬁ\ﬁ%m@ from6 to 20, according to principles

of FiGs. FeseatyH sotrmhai@ally RluStratBémbadirBBnis of a transflector having
schematically illustrate enbodi nents of reflectors

non-iaeanelipetng treeteraqearding to prlgﬁpleésp?féaamﬁgser&de\ﬁrm%g
to pd nb @lr@ssenQ% L@S‘r Q{o% t’a éeﬁ%ﬁﬁ ella(’(g?t]icéag E‘&(ﬁo%se of a transflector

present's ow ng

ha\tmg@&N@Cﬁeﬁeetdﬂaw;mgmgdjvbf errenge ob eyt frans°ab 20°, according to
lectors at different angles, according to
Prlfﬂﬁlplﬁélqﬁ[ﬂ&pEﬁseménV%&t'@ﬁent | nvention; FIG 10 presents

a 3 j
teg't&@% ref ect| f@%ﬂﬁ/ S;’%?Eg%o%'méﬂwmhb%ys that

ree
protsi'lcfec for mterqulgb’ssmeadmm sat:t@ndtrtgto prirGipleg qf tles prasena invention;

| h te t f ht .
et Pz L Bresehs preiref shantcbe Sries) efraiimseebfapaving
diffRAH I nIHALGHS ﬁfefe?l@zbtdré’ Qﬁélﬁ‘éfrenttér?{l@él 'a%*?:b?t!mg il_'d> indigles of the

presents a grap how ng col or shi n backl 1 gh
prespet miveotioh;or 20 refl ective displays having three

S onbi: T afess A acbpA SRaw ikt ivermcnialiaulie of spot light test for
ref@bfswaléwa%/s Hd\ang tHreetaiferaAESDHES o tiaPshectae pl es of
resent invention; FIG B schemati cal |

. | | E rHt pEesends sugreph shewing ealer charaetaisties ¥or ambient light

b BEA by A4S AR SR ] A oo o

traféflatgbrired transfiector according to principles of
the present invention; FlGs. 14B and.14C schemati cal I%/
or

i | | GKer R presepis agraph @h@wm%@hsmﬁén bagklight speration
reflcldive HisprAyY 5ling ANRE! fifdr8ht tybby FrtdinsfletdrF! G 14A

FIG. 13A schematically illustrates another embodiment of a structured
transflector according to principles of the present invention;

FIG. 13B schematically illustrates the substrate of the structured transflector
illustrated in FIG. 13A;

FIG. 14A schematically illustrates another embodiment of a structured
transflector according to principles of the present invention;

FIGs. 14B and 14C schematically illustrate cross-sections through the

substrate of the structured transflector illustrated in FIG. 14A.
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4 WO 2004/ 099869 PCT/ US2004/ 012866 FIG 15 presents a
conoscopi c plot showing the cal cul ated distribution of

WO p@ho9ased | ect ed froma structured transfl ect oOPCT/US2004/012866
fabricated according to principles of the present
invention FIG 16. schematically illustrates a display
and co-ordinates used in describing 5 an experinent

to Me. enrpreeehiaea b@rﬁd)@btpldﬁlopéﬁ@ﬁh@ the ddiCLﬂat%Urdlgﬁnbuﬁdn of light
transfl ector; and presents experimnmen

reﬂe@f@dlfo;n@%twqigradiéa@ﬁf@ciqrﬁabm%ﬁieefa@@fdl@@t%aﬂnﬂp@ﬁof the
ctured transflector. Wiile the invention is
preé%@ﬂ]gg?@tc{ﬁé various nodifications and alternative
f oriig. 1€pechématicalheilestitatbavediselon ssldamoldinaiag used in describing
exanple in the drawngs_and will 10 he descri
an gepeiment o dalermiserse ﬁﬂ@ty@oﬁ&apeﬂ@ﬁ@?@rsmﬂ%feqe iﬁ%ﬂgﬂector and

| Nty iq %r‘e%gﬁ% de%@rin‘)éﬂ ) 119%8‘3% gHS&Hg‘lﬁetd}sffBﬁllon of r%ﬂected

particular e escr| contrary,
Iightlﬁtoamalsrbrmlctwedcbransﬂectoal | nodifications, equivalents,

IR RN T
forr1;=?§t ﬁbé&ﬁcs%%%dfmév@rbé& RSP b Woﬁ é}éé?ﬁ‘;ﬁleH thé drawings and will

Icable to transflective dlsp ays and is believed
be descrthsqolarctetalhl htrshpulsusbe uhdestoed| haweaveanibet #ie infention is not to

iSRS LA g g comvary,

mtéHti%Wﬁ@ itd cbVerddll fbaificaBoRs, SeRiivawnts! Bed witeneitived falling within the
schematic representation of a transflective display

spiioand scope okthednwention &3 defined by theagpepded clains. 102,
typically a liquid crystal display (LCD) or the |ike,
is connected to a controller 104 which controls the

i nformati on di spl ayed Detailed Désepintion 02. A
ers

opt 1 65 PRSI taads Apali bkt Banelarde paye Bfs believed to

be E)Q?ﬂcuﬁar%@ful%ﬁ’@bbbr %ﬁsﬂ@d’uv@%ﬁ@blﬁy@Wﬁhldhcthbfr@flected |mage light -
di splay ‘controller 104, to the display unit 102, and

is seipavated feom agrhiestglatss thuimmewing tgetviewabibty aftbe image seen by
th 25 be any suitable type of |ight source, for exanple
Coffd"Br nore fluorescent tubes, one or nore Iight

em Atécn@n@n@qlépréé@ntdt@nl T rcﬁspﬂ@ym 06 id msn‘ated in FIG.
i ncl ude an tional reflector 111 t in direct

1. Andisplay it 10 typriealbr a Bauidianesgtel @ﬁplaw{bcw\%rthe Ilke is c%nnected
to a controller 104 which controls the information displayed on the display 102. A

transflector 106, formed from one or more layers of optical film, is positioned below
the display unit 102. A power supply 108 may supply power to the display controller
104, to the display unit 102, and also to a light source 110. The light source 110 may
be any suitable type of light source, for example one or more fluorescent tubes, one
or more light emitting diodes or the like. The light source 110 may include an

optional reflector 111 to aid in directing the light in a preferred direction. The power
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5 WO 2004/ 099869 PCT/ US2004/ 012866 supply 108 may be

a battery, a rechargeable battery, or other source of
web@enyiseal power. The display unit 102 typi ceCT/¥S2004/012866

i ncl udes an upper absorbing polarizer 112 and a | ower

absorbing polarizer 114. Aliquid crystal layer 116 is

sandwi ched between the 5 upper and | ower absorbing

sumiw 208 284 bd b dituty,1d fecharassble datiesy, (orathethsourpe wé glectrical
be di sposed between the absorbing polarizers 112 and
POWE4 and the liquid crystal layer 116. The displ ay

uni Thé%?s&géﬁfﬁm 62 @%b z’gﬂ@ﬂﬁblﬂﬁteé *é% é%bﬁ%ﬂ&iﬁg P%Laéﬁer 112anda

certarn Ions I'ng theret
Ioweolabsofbnhg polatizer 1 4.t Ydiquid br;ystm éaiyetro’l 16r is\sadidwiched between the

o s e SRR T A5 0% LTy
disPOsky bé’ﬂ\%’é ’Eﬁhs‘o'r&ﬂ% gﬁzﬁarlz%tré QVFQ AR ’Qﬂbna g tig il Cdystal layer

as strong wever, color displays are
118l Trhednplay umt\mawp@maitestm/ ¢hmmwgaﬂmemlerlmmdf errtain portions

of {05, 16h 3ES TR Sre BT OB A SR MERrc i ey B pprovice
spdHidERBr Id'EpedifiPpiRelsVéTithE dlsﬁﬂ@}e@hﬁ 1bpi ghter and nore
easy to see when anbient light is stron The

tr aﬁgfqrehsni»ay%omumlyrcuﬁqratﬁ i5 thetasklit mpge: Unear ceagditions of

str qagjﬁe%{%nr{rhﬁégay@ﬂg% {raﬁé %YJTE@]I t Hé‘?’é}{%g Q:gié)té rgiégﬂlé\énssg?éé gifﬁcult to
vieRyard'thebintdge abtpiears Wiishiedtdig, wmﬁr%wcﬂ@&cumsmcmst it is useful to

operate using either backli anbi ent

usegraembinatiehef b@thdqacdﬁlgtaw%ag& i hgbbf%fmnmsstb@émaes which

oo Bl S0 <R SB1FER Bt T wanstcr

106 Refledts atitiarstitight thet hae passed ghraulgl thb:ehspsbay] gnit 102 and it
pol arizer 112 js transH]QE\t ed t hrough the

tra@wgﬁ Yighy téve? disiiay Bnit A 02|tBakhasBesn Sﬁﬁamﬁ%& 51‘1'(19% packlight.
Th%éﬂﬁ%lat 0 % H9R'to 16}36@@1'@?319%%%@% bEE EP dfiient light, or both.

ayer s in arlzalon state
pasﬂlel dperation dfathe disidapr BDvgth respact todight of different polarization

L T R (P —
thrB@@?ﬁﬁa E ﬁH@{ \}%Iegrhzérhﬂ Zjisscpér%‘{mttéa tthrl)Q@hﬂﬁQ |l§§ld érystal layer 116

At ot her places on
to finei lbw@ﬁzbsmrﬂmﬂg polatizart14.pRéwraghe tigbt thaé has msged through the

iR 16 R8BS AR A0 RHoroing
polBfizEF 91U, theaigheR trisnvittewRRrougantbtthé Srapefléttor 106. The light
reflected 122 from the transflector 106 passes back through the display unit 102 and
is viewed by the viewer. At other places on the display unit 102, the light 124
passing into the liquid crystal layer reaches the lower absorbing polarizer 114 in a
polarization state that is absorbed. Thus, no light reaches the viewer from this point
in the display unit 102. Thus, by controlling pixels of different colors to either block
light or reflect light, an image of reflected light is presented to the viewer.

6
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in the display unit 102. Thus, by controlling pixels
of different colors to either block |I|ight or reflect
wo p@ho9sen | mage of reflected light is presentdr/us2oniiel2866
viewer. 6 WD 2004/ 099869 PCT/ US2004/ 012866 Anbi ent
light incident (not shown) on the upper absorbing
pol arizer 112 in the other polarization fromlight 120

andirhBterit Sighbmeldead (it shbany ppehe pppar iabeorbld@ polatizer 112 in the
backlit image is forned for the viewer as follows, Th

othef pelarization omilight d2Reanst £24 s pgorbed byihe tmpépglﬁtrﬁs?“z
backl i e ) . !
P2 R D L A TR o 10
gerguaids 1ith8 1fiarthguémstergthle gpukligicr s 126.h & thesiilstyated@mbodiment,

theya,%gicig?]rlgtsqp{;{c, hutrgtﬁfgué %}%ymgr&gg Fg%wﬁ%@@{fsgfélr gﬁﬁg}véjltégmt across
thetchge%gy 3 ggavomhé H%%odré‘e 916, RARPAHEH M prolRied ith reflector,
gui de may co dge S

rise a transm ssive wedge having it
and fuir ckmitiing) lig upwardsrioveardd the dispéay uiht 080l caelkrabodiment, the

. Diffusj or diffusely reflective pads 132 34 10
oS OB B TRy GTRa HaRBH S RSB g s BV S d 30
inur?qlr%l%éd %z!tﬁé Ii%ﬁﬁs&ﬁbﬁe heoussiutive dpdifasdly Ffletivé paas e, 134

I ght guide 128 towards the display unit 102. The
alobgokkigrtiothtihe uppecamkhioverssiriagel afdbe digheguideti@8 mag be used to

o2 S T o L B i o

12888133 facldde arrefiésto 986 bafowthe lidie guid fi28ste reflect light that is
refl"ector or a specular reflector. 15 The backl i ght

trangimitted ABrakgh thedewensuriere ehibedighirebida 12ht Tharng f36 may
Jecal i . ORE :
o A g S g Lo s

MarTRigke BRBklidH uingtad 26 Mbgmlsmrylclud@l ereopnrelighbmanagement optical
_prismatically ribbed ri ght ness nf]anci ngI fil for
filmst 534 fargnaneding dhe lignrrassingsie tiﬁeﬁﬁS@ A% Uits &?ay'{]%ﬁ@mple, the
o e PRRHARE by OG0 MRl UG Plaetisam oo
brightress eahancing ffirhs farseéringthedightment clppelyxo b display axis 140.
per pendi cul ar to those of the qther layer o as t. ,
OnBAgtprotL 1 Pyse o IR el imonaar e epfendia lfmy with the
: : . ¢
g o i pTAEARSISS O Y bredBambrplapegiusmdcar o
thode fdf tises othedrl l2yeroso B360 statr the light iot tuer dimansinnsalowe@rde the display

o O b R B BBt Sl B Rahda e retcting
ligHt '2RR b th& diff e BBctbR 436 that would otherwise be absorbed in the lower
absorbing polarizer 114.

Some light 142 emitted towards the transflector 106 is transmitted through the
lower absorbing polarizer 114 and through the liquid crystal layer 116. The
polarization of the light emitted from the liquid crystal layer 116 into the upper
absorbing polarizer 112 is in a polarization state that is passed by the upper
absorbing polarizer 112, and is emitted as image light 144 towards the user. Other

7
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| ower absorbing polarizer 114 and through the liquid
crystal layer 116. The polarization of the |ight
wepioneded romthe |iquid crystal [ayer 116 i ntBCT/082004/012866
upper absorbing polarizer 112 is in a polarization
state that is passed by the upper absorbing polarizer
112, and is emtted as inage light 144 towards the
light' 986 trafdshfifted tWELRRAALRHP URETORI BRALAIESE throliyiy ite lower
146 transmtted towards the display unit 102 is
absorbing molarizer tiHdcanshistineideaien a difieienb Pagigroetinedissid gystal layer

D 9 35T BLAL yBBEL 8, g Blgedb 2 i

polagagivessthiethdp Resbadrbed biynbe pobar biessrbiZpolariger 112, and is not
_ polarization state that 1s absorbed b%{ t he upper . )
viewpd Sysha gispbl AhHgcspatipfly salegtive PRkAizetion &(REHOB‘}f thgdight passing

i g Yy SRR S 2 0 sriewing
imegeciormbe Bydight ieglitted fiom #26light solitee 110t he user

!} ghwited Rearemared Bt pome s a et A ey not
reﬂ%?l'”f(??%%?%e Hh‘?déﬁt%l“rﬁﬁibﬁﬂi%ﬁt éﬁ’cg ndandriit 186Y, %p@)(@incident

e incident anbient nd ‘may not transm
backlight. oFhis Iperinits itke display01 GG tkbpegiate asha sopérverting tiselay in

o Bt ARG T DUl 38 R e

badMitBuRiistlorf or both anbient and backlit illunm nation.
I's useful to review the differences between
nonld ishusefat toorexiewv thel differariceplbefyesr mrrodirematisiang color

. th fl.ect 106.., Nb [ ' . at.
T R e A
corfifflon|yPieem FerehbiBelevides suhais wateRedf calnpiesiay atdithe like. The
di splayed on nonochromatic displays is often

typalop infatmetior displaysidaprapiosochigraatic displaysiis ofteg ajefjiamsmeric in

[ i cal .i.nf.or ' j 1.an :
onef SRR 4R SRy UL REFRAR SRS Fsbes not
nedtPhighaipatiaPbiog rag sakes teol itione 8r requid candthrt ¢alogeharacteristics,
variations in the characteristics of anbiept |i

and 8 tas avae SatALAN D B PP AHEKHIS,Oh AL AGinfp! EXample when

. it b
oxifchpd by oiRbrRfFRG sk, MibreBiktht 1BAARGTSES Hoandescent
Iighﬂgﬂgghﬁy@myétﬂfﬁt oy the maﬁ@;nfdr?ﬁmegeﬁ p]{acpﬂlmed ?y a monochromatic
] coral ngly, e conmmon era 0 erati n a .
disABroARCBIINGY: T SHTEPN dStartgiodml anerafng arRaCr Grematic
disPiadis LRIENSTBRSR iRFhinSEidn bhbield MBredstSodifis Iifétite,'the backlight is

only used as a supplement when there is insufficient ambient light. The transflector

in monochrome displays has commonly had a reflectivity in the range of 60% - 90%.
Furthermore, the use of a backlight in monochromatic systems sometimes results in
an inversion of the color of the image: what appeared to be dark on light under

ambient lighting becomes light on dark under backlighting. For a monochromatic
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only used as a suppl enent when there is insufficient

anbient light. The transflector 25 in nonochrone
waele@phgegsd has commonly had a reflectivity in tPEI/Ds2vg€012866

of 60% - 90% Furthernore, the use of a backlight in

nonochromati c systens sonetines results in an

i nversion of the color of the inmge: what appeared to
dlsﬁlﬁy d&iidh 1ﬂ0eﬂsicﬂhﬁ1azrn&mcoﬁvéménﬁtol thehisendtegiiimasintdight

on dark under backlighting. For a nmonochromatic 8 WO
viewglg/i0ege69 PCT/ US2004/ 012866 di spl ay, such inversion

nay, t

U SG3Br SRER 3B pghReaRys Bk ardWludtbre ERAMA figpor a

moﬁ@@wr@nﬁilcrmﬁzmay:xmrsi ntgshﬂnporténttoananﬂmndhewm;&jrl mlance in the
di splay. First npor t.ant maintaint

dls;gjaygqﬁg‘@ag@, lfrﬁgp%cl:ttyieﬁﬁh?@anblﬁgblégh?qngrwgaqs\,gw%ps?rh\gould be
unliﬁ%ﬁ/i @q%V&HQBEg\[/%/r'ﬁa Eh 'ti?é‘%olo‘ré‘ \ALHZ)%HIC‘F’%‘Q l%itfe changed

ely to Isplay in col ors
sigmificantyubramavirgyorhaneed |IILsmgwitéd wethtnmganﬂeswemt h@tfta@me
scent

e
§ G Pis ifiSR bﬁ%ﬂﬁﬁ@r&@i@@ys%lﬂmﬁb YorsiftetsSarerusually

conputers S In uters are
trammfmalsivye cumayawmgsemlyéoag:kbghtawgmn@aongo mﬂny trmtmag@hihls

oo R PR AR M B SIS ambin

I|gh7etfbﬁ3 Blamphd @inéct éum?m the Im&Y@ bR EptielyeransFsiveldisplay
he image on a purely transm ssive display becones

bemmwa@ned put heerusst oba lagkofgongast b@y\te%mémaaer@d the

o8R0 PR PR ! e £ A ame oneng

corfitishd, ten purdiynerapsimisive dl@mﬁm lmomsdmmma)}e becomes
unusabl e. The addition of a transfiector fo

di S'ﬁhg@dgm@o,qj@strqa@?ﬂqcﬁggtg g eplandisplay mgyﬁ&sﬁ‘ﬁélmage formation
us@@?ﬁgﬁ'ﬁ] eqmé'n%]énﬂ iR tin éd?jlt‘?cfi'g ot’ﬂh%rbéc?h@ll?te 'ﬂﬁfé"th@%br display
us; ay |I'S

col o eto operate in'a w der
is able tedpemte in glmtldmgvarmhxd of lighting Ginditiortshe Sideatiier defad mode of

oparatias o Spley e up B HHeEmPRE telAnshettildé rransmits a
&gﬁi‘fl@ghtf Cﬁ@HEF Fablisnef l‘feIr [Fedilight t‘Plfantlﬁ% ﬁ@ﬁﬁbh@ﬂﬁaﬂ&@@pl‘a& For

onat I ¢ sp ay. For exanple, th
exampllesth@trammtsbmmmugfethermﬁﬂe@Mross in the Wf@@ér(?rﬁlﬂj@m 10% -

out. 10% - 99% . wi dra ei
9% SihanoireTedranon bt ona Rl A6 RidRYRS Auming that
there is no absorption in the transflector 106, this leads to a transflector reflectivity in
the range from about 10% to about 30%.

Furthermore, color inversion in a color display results in the production of an

...1

image that looks like the color negative produced by photographic film. Such images
are usually unacceptable to the user, and so the types of transflector usable with a
color display are non-inverting transflectors. The use of a non-inverting transflector,
such as a partial reflector/partial transmitter, permits the addition of the ambient

9
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there is no absorption in the transflector 106, this
|l eads to a transfiector reflectivity in the range

w0 e@aogdseut 10% t o about 30% 25 Furthernore, POI/082004/012866
inversion in a color display results in the production
of an image that |ooks |ike the color negative
produced by photographic film Such inmges are

imagruial thy bavkicieRigRh Mm@roﬁém'csuw displag t6 ®et led ymdsr adtombination
transflector usable wt col or display are

Of%h arpkiept aRg backl dfunaipelierR. The use of a

ot MR REbERERHE I Ruan SHE B faridbodiment of a on-
invéﬂi}mgardm@mbtcﬁ A0 lﬁmddé)ﬁéﬂﬁﬂFMNSEO@MﬁH%ﬂayemmcomprises

1 acklit which pernmits the di
a il SRR o S 12 T SeeRB T rAS e doNer 4 Between
the' Mo%%dﬂ?éﬂr&&%e? Ohéggﬁ?ig &n&§ 99435 %fpémé’lrﬂlél'é'&:ﬂldﬂ*é I@Bf%)r 216, that

articular e a non- inverting transflector
fits 206he formeskiheadiciosticiregAayex 2 taasd I2éét orhel eyerostPugiured
ay &I &3t P UtiGr BT B o pba, BERSn e fer materits.

M CARBOUE histSIfic barel %f?éb?or%ﬁﬁwdz\ﬂlﬁe‘sére%do@éé fotltransflectors in
dielectric reflector 216, that fits to the forns of

monhehigneatisdispleysyr r@@tallgy’ganafmt@mcargiqss web suited to use with color

s Al YGRS R8 by s rttveny

high! fdrexampretraiid @ngarftdrale0%t 0ees.ons 4 igsditindespigiRsitransilector
use for transfiectors in 10 nonochromatic displ ays,

is fﬂ’é't'@ﬂltleﬁcfrqm arelativelydhickdayen @fgselgdl | suited to use
t‘ﬁ%lc%rl %@B& Hha: re*l@ctivﬁg‘?{mﬁé’ %Heﬁ réiiJ ect%la%%\ﬁép%nd may be

ref ectl VI trans el a vel

in tﬁerraﬁg@ml%é 80%. h& metailie dartiah r@ﬂé@tor aa%wg/&sreﬂebaslty in, this range
the netallic transflector 1is fabrl at ed

hag anumken §f disadvantages: Hre ﬁ%‘{‘%ﬂt'V'W o & astali gy aiis gepgndent on
its M@(rfeestsl E\%H % é&\% rQfedt nﬁ%P@%Mé%I 2l @JO etélsﬂlho\’)ﬁ\'ioh is difficult to

'noth me alfic
depemit uuai‘orrrfkys | Atstogthéheslbngf a metbllieqiartialt reflector hasingdogeaeflectivity

s Qe ot aye hav BodBgRarETEoBY | SRoRRed Sih e pating with
low/ r‘é‘ﬂe&ﬁvl{gﬁl‘g r?éffﬂt% ?trﬁ@Hrrf?%t@n\éﬁWué Ryt tHBA 6éiArlnbhlai“f?reﬂectlvrcy

whi ch | eposit uniformy.
coativigo givirfig anmweedll yatlopeappedranes It@atreﬁect‘tadumggeown addition, a thin

Vit is.different fr v.in e

mefelfic E5ler i oy it B fefpetcony 4t b g Geipd el litEio,ahspretion.

20 P@é’rléﬁférﬁ%u\ﬁ@hﬁehf FETRIGLAIS afe Bl ot Vf/élﬂ§l§|télﬁfc@fuse with color

blue light than a higher reflectivity
LC displays. The levels of reflectivity and diffusivity are generally linked, and so the
design parameters of the display unit are severely constrained. Furthermore, the
polarization of the scattered light may not be preserved, thus introducing further
losses into the polarization-dependent LC display.

A preferred approach to providing the partial dielectric reflector 216 is to

provide a layered dielectric structure. A layered dielectric structure includes a

10
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coating, giving an overall yellow appearance to a
reflected image. In addition, a thin netallic |ayer

WO 2004098899 wWith a few percent of the |ight bei PQI/USRD4/012866
due to absorption. Pearlescent and pignent reflectors
are also not well suited for use wth color LC
di spl ays. The levels of reflectivity and diffusivity

nurﬁb@r SrEdeferthy Ia&bﬁ‘l%ln@ﬁ%ﬁékehh fefrliveasdan) DaeaRingils of a
of the display unit are severely constrained.

layemedtdielestiicereflentor 2361ia e single dayeasfof enielativaly bigbdeiraglite index

e s B ST B T P, h oo,

ovem ?éebf 8inARABPRSANG @ r@re@we@n 6@ refrachas indalk e beanr the other
lector 216 is to rovide a | ayered dielectric

snd@,pf the elatively highaiefiacy ebuné@xﬂaxers‘fqruéh% levenefigghive ipdex
struéc?ur@@ C%&%&!elog@faqﬂp RS %@éﬂg# ggﬁégﬁ? a ?@ of A ora  planarization

ayers aV| n ctive in
layénsuctxaszyer ofida | ayered dielectric refl ector 216 is

a single layer of a re|ativel h refractiv de
matl8ranather aprreagh oeHip Pl Pf ?@? nZEpe ek A Jévrv] refractive index

ma?érfa‘!‘ Fﬁe‘ky ﬁt% g?é\ﬂ&é&?o ﬁ’rﬁl t‘h@' el%@ﬁﬁ: refBctoPY Eor "f‘é‘lféctl% cﬁ)tlmlzed for

mat er | are atIV [ow refractive I ndex
a pbﬂlwmmmwh B, thedbfferent Iaaersahave aelqptlbagﬂmckness that is an

odég{lr&@%ip gug g? {&@lge e%g{%ﬁgst I?qar I‘lg\?lgpﬁ%é/ g{:ﬁr?\?qtcﬁlgvﬁ\begnagﬁavelength
ran?%ﬁ{el t‘Plflck"f‘i'e% efbf ﬁﬂe%ggt%rMé?bb%ne'daYﬁEe AUAeRSthickY8Es and

n anot er appro l e pairs of
refraictiee itatexaf the ddyera dnaybe selectar s¢ asitadeavide partial reflector

na iRy pafaston ToEPD a3 B oetaked el icin LEnagy kP Bagigh, the
reﬂécuﬁ%ﬁhéfp%’rﬁéltreﬂém@r mayDEtaldrathtd SEit atpairidingsandgloaf

is an od nber of quarter wavel engths, A/ 4. For
lncnd@nceantbﬁ Rﬁj’tlalmeﬂ@@tobver a wavel ength range, the

t hi gknesse

t hi ARS8 e Thatalpis ME9 0 ERELHtK MyES of P BHARSY refractive
indsg! ek estafpl@Spdigmeromiad®euger for the diffdrent layersh awawmon

a desired reflectivity over a sel ected wavel en

fluorineged priynagrgigansialiv el loue refeadive; ingexang ﬁ@gxp Be Pagcularly
t ar
aafAGEARIGTRECR RIOERBAR o 8BRS ypARERo dspersed
nam@terdmics may haee as’mgh refrddiige|ingex an@fmdw ge pantitularly
refractive index >f;a | e, polyners bﬁ useq .
ad\faﬂtag@@sdfqm@,eéﬂtthqsg refracfive, e[xiléyler or Iay rs. Non-polymeric,
dielectric materials may also be used. Some metallic-based materials useful for the
layer or layers of high refractive index include titanium dioxide, tin oxide, indium tin
oxide and zinc sulfide. Some non-polymeric materials that may be useful for the
relatively low refractive index layer include magnesium fluoride, silicon dioxide and
the like.
In embodiments of a transflector having a single layer dielectric reflector, the

refractive index of the substrate may lie in the range from approximately 1.3 — 1.8,
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fluorinated polynmers generally have a |ow refractive
i ndex and may be particularly 20 advantageous for use

w0 poothg9sbow i ndex | ayer or |ayers. Pol ynmers the€T/isae4/012866
di spersed nano-ceranm cs may have a high refractive
i ndex and may be particularly advantageous for use in
the high refractive index |ayer or |ayers.

andNeHE ROIACIRE ifdex 6fi tRk efidletiicrelittbaliss iMetheakpge FRori e@@roximately
Sonme netallic-based materials useful for the |ayer

1.81-ayér olf 6p phanavizegippa@yenie prerent heeIthaseaetiva lﬂﬁex of the material
ool S HEr s SEiL e B R Y, Rpore o

planaﬁiailonf leyet |b€presahtathe/mﬂsadtlo&wﬂcﬁ)«ca‘dhe\ma’uelmdle&bd)‘aejﬁfe dielectric
i ncl ude magnesi um fl uoride, sili ﬁ 3 di oxj de and the
reflecios mawlie kuibg regedrain appredmateledidr Thdwing a singl e

laygr, ur&itﬁ%ﬁ?%ﬁﬂo%cﬁenféféﬁé&’{t%ag'%9 né%ﬁ‘?%&éé’*’%é Phielectric

the's a "R the" ram om appr oxi'mat el'y
reflectdr-mdy Bicludkla Vlmrﬂ:@ﬁ/b‘f D86 of E’@Tedimomieﬂalzmseriﬂlcknesses are

nont ,{;eeqe,;g;rp Ll AP APt beioitieal (ickegsss fe,af g jptedd? muitiple of

Hg!“ e?@valv%‘ilé{ thS IREEES Btoasbhﬁé’ﬂe‘c%n RhWwasH isMeh layers is not
he rraterla above the dielectric reflector

neme:ssabkymoheremt ahds thef cags tor A quartarwanelengthatacla

I I ' ive. i .

b "Bk b Aup 6o oF RIS Bletedths e AR R ntice the
meltélﬁ’c retlelchst, frRNGSIoF eantRBRIreHoTRiretly fnikkd tolthd. vt of reflectivity.

anot her approach referred to as a "pile of plates”

Insteeei Itfa@f salge ofi reﬂ@@ttwtwds rela‘feldet@ttbe rﬁﬁgcti\@cmdaé differgRee petween

Iayg;s an %@r&gggg ﬁ%F glAZ%(i |ect%€fé%@ﬁ{&'d%{g§ cl'x:ﬁﬁtroduce

abédfpﬁ&frlﬂ f536 In Adelitiyh, aifeLidive Qalelbldsuhtay IbleGntrbdu@ed to the transflector,
particul ar quarter wavel ength. In such a ca

foriexpmile inoiegefigeiive layenor &yersﬁ o 4 ﬁalacembl%tsesga@ diffusive
parg@%g(rﬁgbggqéphéﬁé? 9 d‘ﬁg’c:e‘?la ﬂéwﬁ HAhhE Hl {:@ ﬂ‘tgﬁécrefractlve index

ant ages O usi ng a

frornet;nlbehds@ mategall; anld siohthe sfmi okbhetdmatterrahglel may be reduced and the
reflector, the color quali S are ot dlre ly lLinke
amognt ALIGRAIABZEIO 8P ERHeAY TQhus 1oviksdne prar figsdent s &6lor, the

Ievgfeﬁfg]J RALLIIYor tRe 'fdIBERE tFéP}sﬂE@toF Es;ﬁ&% k\é@ tbriﬂ Yimount of diffusion,

ference”between ayers and t ayers.
thual affordimgdireater deisignr ’dAileityor does not |ntroduce 15

s R e s Pt
mica‘i%ffs‘frtggtlhbéfﬁlalyéb’se21 PanbaN §singh duitaBil REARIqUeAEFEMIAG @
microstructured surface. For example, the lower microstructured layer 212 may be
formed by using a patterned tool for molding the microstructured layer 212 on the
substrate 218. In another approach, the lower microstructured layer 212 may be
thermally embossed on the substrate 218. The lower microstructured layer 212 may
be made from the same material as the substrate 218, or may be made from a

different material from the substrate 218. Once the microstructured surface is
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particles may be forned of a material having a snmall
difference in the refractive index fromthe host
woraioedmby and so the size of the scatter anglBCTHS2004012866
reduced and the anount of depol arization also
reduced. Thus, unlike the pearlescent reflector, the
20 level of reflectivity of the dielectric
forméanmfel &é&.@lrrelﬂéct@em Biig kj@sogleed be tt@érwabsfrﬁcmrécﬂ ¢aifade. The
hus affording greater design flexibility.
sumy@t@a&a may befermey frae & rr@JﬁbwlﬁéIeestbleza@te%alt §U$h pg@ polyester
r t r r n
fllnh;% d}?f.gaergg tg&%C){ﬂé@h %I‘Qtél uééﬁ%#éié%%(l)lb%%% é?éé%nlrﬂ, o ﬁ?e"hke, or may

be farateeSfromct el ehutifisicibshate, %)U@ﬁps@a thible PQolswer, an acrylic layer,
m crostructured |ayer 212 mm e 25 forned ?ry usi,n
a giasstlayeray thedkes E[herﬁsqbétrﬁbe 2%% MAYPe SEPAEE 1od P rcomPOHentS
I 0
i 1ig CisHhal. 3 Ay B3InpALE hbiher' dyGRTLURpoRBR CPErerdBie, the
sulsitiats 2¢8 noay bb¢hs Mrrsw&acélcﬁ the Idesﬂla),mamt for example a glass layer

m crostructured | ayer 212 ma d th
or qRsaEhPgIPClas AoRe 18 BhoMerEaanitle. B SVBSTRIS ﬁﬂ%meyr%%@”ﬁayer from

e PR 1 LB SR By 48 aCBeambl oty

refleciivesalaba¢0drs 6Bolesaricenhlarizey. pére ieflectied peleriger ey form part
de ited on th crostructured surface. The
Oftbﬁ@ﬁcﬁggﬁgcﬁgg W-tormed froma relatively flexible
mat ghé ?émaﬁiﬁfg{'nﬁéroé‘tr@@cw&ﬂa@ér 2ﬁ4|n%)ﬁ_ﬂnéi’1%é’ feieNasifg a
(PC) film acetate cel'lulose (TAC) film_or the

plahanzatncm proagss, seichasntetlfef mﬁﬁrm ¢re¢adendmryg fallgihe planarization

progéas pidihdeq ichdls sfih Sbiaceh @bt oFRIRES Lot Eles

pol§eens. atThd uﬂﬁ@ﬂhﬁ%stﬂm@ﬂqay@ 214 glfcticywitloa rmaterial that
conprise another dis conponent. For exanple, the

is conmeatitie wﬁbisn@m?efuéf)ﬁeh@f thewartiauefleeter 816+ he di spl ay

uni V.

o P8 R Ao Ahesle BISPHER By o yosd o
attdhitg trayeandfleztor 20@tdandthegblenegit] fos exanipld 8 Icmerrabsorbmg

as a reflective polarizer, for exanp a mlti-

polatzeredf thedispiay Bk iy apothier &%bﬂﬂlfé\@ﬂtaj@xerp%%%maié}g omitted and
Iayglhf 14 %r]ﬁrfébg fgiﬂﬁlcég? %\ﬁf]{é&% éﬁ@&éﬁép 5B8'tR& the dﬂénér‘i}%‘uon layer 214 is

e’renmal ni n
alsoiatr adtigsing layerthadyeca@dble o pttabeinglike transéectos 266 ta the lower

nariza roc such as knife coating or
surgeg}eegfd@@,ch@&@bﬁ H%ﬁe pl anari zati on process may use
Mat ¢fé ltéh SF" SfhedengRdirahb AmgReY ReleBfdr Poal §ithe Fhicrostructured

sol ven
partial reﬂector 216 may be selected to reduce Moiré effects formed between the

transflector and the display unit 102. The pitch may be selected so that more than

one angled reflector 224 is associated with each picture element of the display unit.
The base angle of the angled reflector 224 is labeled as 6. The partial

reflector 216 may be constructed to provide selective angular control of the direction

of the reflected light 228 from the incident light 226. In this way, incident ambient
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15 pol yners. The upper mcrostructured |ayer 214 may
be formed with a material that is conpatible with
wo eovg/oessef ul |ife of the partial reflector 216PCT/US2004/012866
Optional layer 220 is an additional adhesive |ayer
that may be used for attaching the transflector 206
to another element, for exanple the |ower absorbing

t t
Ilgthb%héQ%ro%gh tE@ o@é{ﬁ"rﬂ gﬁlt ggg n;_%)ll ngel‘rétc% a?ﬁ?@bl@?ﬁgﬁ? direction

anchawayi fresn ghareat@alreaﬂends ¢o ariae frome Speauﬂar reftections Paihs incident

I d
arn G it R Prsher Sesdt YR Transnfied Rofi 9 dar example
frorfifa E)éﬁ@dlghﬁ Ifﬁa%‘zéesl FhroudRZhe i’r’aﬂsﬂeé’c@hzo@anﬂhw%wﬂ’(é‘lreﬁacuve
the an d'reflector 224 of the microstructure

mdlpas of éhle leyere2i2and 234 argythpsaseg doar8ass tmr@ugbéhwaﬂéﬂector

G54 RE Vo1 I0R 44 e 3R YD - 20", ano

is nﬁm‘beprbf@ﬁb@ﬂﬁ the ghrege ﬁ‘efhe‘ctor 224 is assom at ed with
each picture elenent of the display unit

angheotber en@o&maeﬁofrf@mt@asﬂpct@ﬂ%ﬁ ISQB%'I“@HC%@ @ustﬁ%d in FIG.
2B, Rﬁﬁltch howssd Eﬁﬁétpéte%@ré}ﬁ’cggﬂt ﬁ%n%f LHRESTe ‘ié&/oe?@?)péﬁ?the lower

el éctl ve “angular  cont rection
IayeérGI?oZaof ek dilsglaly w81 2. ohiné dieléctdc deftector 246 i2@eépodited on the

NI T DD ——
surFé{E:' tZAiLBO?or'l@‘n"cTPg? %?&gﬂwe@‘ﬂl otirdy &f ﬁ%rcﬁgplgyﬁﬁﬂt I on

avvayf are ndsto arise from
spelmérwtheeéﬂn@odmmﬁ crffthe transfiectde 260, amblagnaphic gutface 262 is

fornzg @r? % ES §t§%{§{ %)c f]ﬂ&?nhg e di SE &Hﬁac g%?één ctpﬁgr%ﬁg\ﬁ%g R dielectric
reﬂé{:t%‘? %'66 CEHY gitR& @ Qaﬂe‘ﬁ’ftﬁrZBG {aRes ShrpetdurRice stitiesof the

he layers 212 and 214 are the same, my

hologmnhmsmrrﬁ@ce rendsfuneliens as adwlegrapbin FGB@CW@ pF@Erca@lteéch reflector
ZGGZH% b éeﬁjt??% ﬁ\‘,h&sé}a'é% éf%ﬁﬁ%&\‘lyg@diaégfaﬁﬁgbs cez%e structured

to (rEREh BNt reftbct @tﬁmtaresaulr@cﬁtdwotaéethm sepeowibi dméd:t}on For
il lustrat ed in 2B, whi ch shows substrate 248

exanplee H’@jdl@lﬁ(&rl(afefmt@'ﬁaﬁemﬁy)t@' stpuguredoor nelectmmpien fght 270

B g R e

thaBlifReditedtionast 4werrh%4tﬁarmf@ctd}@6(nmybﬁ pravideld with a planarlzatlon
pl anar | ower surface 243 for |i gassn n% for 1;fhe .
laye; 368, whighgaay beaneadhashielayanan wh| h may ihclude diffusive particles.

It is useful to define directions in which the light propagates relative to the
plane of the display. This is done with reference to FIG. 3. The display 300 lies in
an x-y plane. The line 302 normal to the display 300 is referred to as the center line,
and is parallel to the z-axis. Directions having a component in the +y direction are
referred to as down, and directions having a component in the -y direction are
referred to as up. Directions having a component in the +x direction are referred to

as left, and directions having a component in the -x direction are referred to as right.

14



10

15

20

25

I n anot her enbodi nent of the transflector 260, a

hol ographic surface 262 is forned on a substrate 264.
wab@4lgdseyr aphi ¢ surface 262 is covered w th aPCT/US2004/012866

dielectric 15 reflector 266. The dielectric reflector

266 takes on the surface structure of the hol ographic

surface, and functions as a hol ographic reflector. The

di ej %Ctﬁééfﬁl uﬁ(ﬁére&irﬁé cwa@fﬁsfmms hechesefiebteldnmaearmt & be

t he underlyi ng hol ographic surface, be structured to
senaratedrfmmuthelg}areefn vyb |qaghtthe beseandle & tis pat egwalto zero. This

e e R B B e SERIE G e gl Wi

the Uit sdpaBtior? BEtwdE the glgm andttee dflcetdd omadg ligGs i n
Irection 272 normal tq the transflector 260, rathe
apRIRAIMAtRIVSQT, Hast bRom Bgle: Bois ANRIOKKIAEH Hh@ghtz'édeﬁ%%led atan
r | N .
anE RPN cHpaFPS i PR 1 BEARAp R T i
whigarthe d:ghBLs prbbagatmgs béfoire tind cfierr itds deflextéed dmyihe meﬂakntont)

o pradar ﬁégra%gaﬁwg% Foflecled funge 1B rcSlas g discussed
furfiie ?Wllf\yreEBQ%tl tbg %g Shi&d Yh Pl@ng. T-IEE%én'té}eofe@a%h plot, at the

nor ma Olsreferredto as the center
intérsaetjon afithei &qsarmrbeenﬂsdhe leenterdines pamilekist thersaxis. Moving

alopg 1h Sl o1 S resteselfs MrdediEs 2alhsiim 4 ord | rdiumination
is a@éuﬁiéo%t b mc?de%t dt @hed sl of 908 HirRtedirbRTIHEBS diaeé Pbt, so that
onponent 1 n the +x ditrection are referred to as

thel giata pemiti402 ; representingapeasylad retegiione it al 30% iRdhe gdownwards
d direction are referred to as right. 14 WO 2004/ 099869
irsen EIPEN2866 1t is useful under some

Ci ”FH@‘&bRﬁu‘Fdiédfr@ﬂeétlm sfdighe rbaflainisasstiuceredtieandector is shown
separated fromthe glare, in which case the base

as #raybeot 4044 <40dh. Ey(R) thedbaser andleief she pagied; reflpptor M@s assumed

o PR DL BB 6 1. 2 s
bags ahQIeafdeO”PhWhﬂef(b)Sl@pe@lsemﬁg&)dsegﬂﬁgle sfﬂoappr oxi mat el y

300, the base angle is a oXi matel
refl Tb@ta@@egtvedayera%%q @ra%em% ﬁ\%@e}v aqmv' eﬁ&u%on For
f i i t
ex%ﬁ[:elﬁtlﬂﬁéaplég Iﬁyfsérgéﬁfgplﬁgg bi%‘rjfgré %gr\@ﬂwaﬁgﬁjg ritggﬂr)ar:tl[?les in an
adhedile oriatrx. bY hishtomefvee ds Qr@mall&rsgtdtahonmﬂyasymmemc diffusion,
bet ween refl ected.i

mage, |.i d glare are di scusse

pradyclnecine game afigiecndns |f Sotlh dikiBaces | 1B apdown

dir% fort SRt &Im & birE @R ek, it Alayt B@préf@rrbﬂttérs‘b?ééd fHe iﬂﬁage light
axes, represents the certer |ine, parallel to
alongapreﬁarrd\cbwewg\g directions, rather than to have a rotationally symmetrlc
diffusion. In this way, high reflected brightness may be achieved while maintaining
high backlight transmission.
Referring again to FIG. 3, in many portable, hand-held devices, for example a

hand-held mobile phone, ambient light is typically incident from above, in the up-

center plane, exemplified as beam 310. The ambient light is incident on the display

15



10

15

20

25

along the axis of each plot represents increasing
angles fromO to 900. Illumnation is assuned to be

W0 p@isaeass9 at an angl e of 30, directed from t her€DpSwWH4/012866
the plot, so that the glare peak 402, representing
specul ar reflection, is at 30 in the downwards
direction-fromcenter. 15 The cal cul ated reflection of

300 beah a p%mm crhe&béumhg Eg@é’ret mmﬁfﬂnaymrvels%n@éla@greea@f angular
t he spo 404a°- 404h. In a), the base angle

Spraaglr@odueefd aemail deggea of difiusion, és hwi@llyiosniterediargung the beam

31é g%f;.cg% %p ?@Fee@ lt '3@&%”%5}958”‘%%1“?‘; 3 lc? E%qyé% i}e |mage light
to théi%e@l’h]bQ/lévf/méQangél@r@ﬂﬂﬁ%r\abéeam?th&@@nte@rn§Om% a result, it may
ot her | aye provi de diffusion. For 20 exa

be aﬁﬁa@f@seguw ¢a§lgn the dlisplgy Banpiesiordedrayide raaximwn ﬁgﬂecled

lm%’@é B%a:nﬁ@néaa?% d o%ﬁ yaergéan']ééq ?rﬂllthT%“ﬁs?rd@ﬁl\o"{%% bvet Sther viewing

dirgetiohgci ng t he sane diffusion angle in the left-right
dlrectlon .as in the Ep down . di

|
ci r Ongetasticudar approgg t%@r%\f'@msrﬁ%tws w@%ﬁeﬂe gliyegyurol
wﬁbb@tﬂ% \yeﬁ%BH% cmffﬁfs@rr %9 SUAIEWSTH h%}gﬁﬁ?h‘?ﬁ% ih %tll'TﬁfecrtIBﬁE‘ is to use

rotati ona Sy rmret
a tnamgfletiog havneglemgi@ﬂre:ﬂecmrs red siifferagt &rglas o éhﬁeplamm Qfethe

traagfiﬁq%orlt gbﬁ%@m%c%jm ﬁgtﬁ%bp:tr%g énctﬁihggﬁ%ggrf\%@%m%y illustrated
in 195, 53’@(@] Sh@mideBfubieley el 668 i ehe trapsib &bk is nmmtated for

is typi i nci dent fromabove, in the up- cente
clagtyanie wilklhe apprefm@tedathabf@@mmd reﬂrﬁ@toalﬁbdlénosqed gcnflt 1ih§ form of the

RIS

pafiafFefiectdt AR tRBYIUBEURFEMBOERABERStHY tramefld obsr 506 comprlses sets
spreadi ng due to a small degree of diffusion,

509yD|6‘thfaBI63ﬂgieﬂ1tQﬂ€@tpfar5d@n §12eadozthhadng rem%célvgty ifferent base
anSl g ‘f‘n@%e Hl 8};& éﬁéﬁ"%\ sﬁrueﬁﬁ‘é ‘?‘ﬁérfge uggéﬁg %BntrBPth%erbgﬁ of the

user

reﬁé;’cttbtﬂKilnaglér lightas @ plane peeparetitdar ta tthle ax@s oﬁtheepmrtms that form the
5 be advant ageous to design the dis

reflackars 1REedh NS IPaNanIEr ARRPRITHIIAL FRIELal Brsageseiidles. The
paf(’g\@/rnt ﬂgét'o\;seﬁw‘{/' g t%r]%/eaé‘g&?ﬁ"céh M of ?éﬁet'?lbhgthéf‘i%%qual to or

I ew’ng”  di rectl ons e particu
smalfipr ﬁmfthéwjlmenslodl, dgofaldispiaw piciurg dlement(dixal) ofthe display unit

505 O1r']he slet of reflectors 509 may have some other number of reflectors, for
example two, four or more.

The set of reflectors 509 may include the reflectors in any desired order. For
example, the reflectors may be arranged in order of increasing base angle (as
illustrated), decreasing base angle or in a randomized order. Furthermore, the
reflectors forming the set of reflectors 509 may all have the same pitch, or may have

different pitches, for example as illustrated in FIG. 5B.
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wi thout relying on a diffuser that scatters |ight
symmetrically in all directions is to use 10 a

wo cansddsert or havi ng angl ed refl ectors at di ffRCENS2004/012866
angles to the plane of the transflector. One
enbodi nent of such a transflector 506 is schematically
illustrated in FIG 5. Only one mcrostructured | ayer

5080% efxB?nﬁlé anah |o9ﬁ&§|rre'sﬁlt of |rid>‘ﬁ.§d|ﬁ$ Qde-etfoq3 lfefleﬁit@rfsl Hawing
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N e
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VleWIrf]l'@ cﬁm’h@oﬂt tlftdml%lr@e@ nsflddb@ts stﬂng bhse anglhlsemtm sange of less than
t hrough the selection of an appropriate range of prism
10°0R3% berdass. The 20 pattern of reflectors may be nade

to l&ﬁéﬁﬂef‘ﬁgﬁﬁaﬁﬁqg'pr&ndfn@%d&flépébﬁthﬁbf 'tl%a %ﬁ!lar tdhd¥ of

smal 'l er mensi I cture
reflettenEight {(psotedmatafally fikistiiased ByF idhi 4A, vﬂﬁjzh shibwsgemlcm)structured

IETE A s T ——
702 & haed ﬂ{essa'?ﬁg fHﬁH ak 'iﬁé W@rds%cﬁﬁ‘éb EHRI7D2. A @lbhanzeg layer (not

desired order. exanpl e, the reflectors may
sh(nrvrl)anggd‘beladctﬁdd@rerdlﬁe |padr6ﬂaieﬂet§mbase angl e (as

L T e A T o
706{1 gﬂ#‘é\@ 8 rafds @Muﬁakur@aﬁ%ytﬁt?nm-@h@héﬂhor ffay® a series of

different pitches, for exanple as i [lustrated in
d.ssne@: lisgar seyrvents 008, e sbewnAuT|0s780 4A oupyEs of caiectors 706 may

oo SRTBABR R P T BB/ il T BEGHILBh Gpteg win o

plxgﬂ riray havehhé Eaﬁf@oﬁﬁn-ﬂn@éﬁéha}ddndr anayt I@a\tdﬂdh‘fe@éntﬁida Ime‘kar shapes.
but where the unit cell was fornmed from a nunber

angheadoiraiavdeg §is calpgioted ReEomaRARTR ST A HiRgEtesPh h%me&urved
facégsr%%\/éﬁfg%pac‘réﬁ elt?f fadlfandiEd Bt 898 S0¢ RPN FIG, 7C. The

center-t1o0-up range.

ﬁllnﬁ@ bfong) the omﬁeraaa;mdmecttmralscmnrdmdawh déftursiion audealonly to
read. |f, instead, eferedtofl

ght
acqqmmﬁézg%atsagb&lafed%k/ﬁpreweﬁ"ﬁ@m ?@@é@f@ﬂ rangerOt \ﬁaww angles
ma&ﬁiga'ngéﬁ@véd D&hgMecheshtPagefsht Hor-ifodriemes | ess

Some diffusion is often advantageous for providing a degree of viewability in
the left-right directions. The amount of lateral spreading may be relatively smalll
relative to the amount of center-up spreading. Under some arrangements, the facets
of the reflectors may be modulated to provide some lateral spreading. Such lateral
spreading may be provided along with rotationally symmetric diffusion, for example

from a bulk diffuser or may be provided without any rotationally symmetric diffusion.
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10 may be used. Another approach to providing angul ar

control of the angular range of 10 reflected light is
wa@edvengasscal |y illustrated in FIG 7A, which sPOWESHE04/012866

m crostructured |ayer 702. The partial reflector

| ayer 704 is deposited over the mcrostructured | ayer

702 to have the sane formas the mcrostructured | ayer

7020né eRbAE bE AGelldter 8020 sclféﬁﬁéﬁﬁall?ﬁ%é?@t@dﬂ GERI®VEA, which

the partial reflector. In this enbodi nent,

showest 2 eeflaster faoet B4 Baming|a g@raerafm@ét\@dmgfacm%oﬁ abepther example

of ar11|5eél gg%er | Clglscﬁgﬁm%gil)g@ugfras%ﬁrléfl%l; gBd IEE%\{VE@ a Ire.zfle,c’cor facet 814

haxﬁrﬁ%ﬂﬁéh@orﬁﬂﬁor@%a&b@ﬂ@ndm@l(ﬁwé@suﬁawa‘ﬂer Sfch surface
reflectors 706 be associated with a xel of the

mO@U'@EPaW@MﬁPS qua%/efr@lrsr&@@@ng of tfee Eaflestedlight inia direstion
perQéﬁ&cuﬁWo Wﬁﬂibk‘%é@?ﬁc{b@r{‘aé dinear shape, or may have

erent non near apes pl ot show ng the
cal Tha atceltilgtr @frﬂmrreﬁeccibr facet ma‘:yf be pravidddhioy m@oahﬂammithe
les from6 t

derdy of 16 FORGI RORHEer StSatRadie MATiehGo of gmidqssing (081 The
moﬁglgﬁlgﬁ %HQ rEhisRGEH 9 ?ac%‘(‘t&?éﬂet (W'rtna Gef rfnié%ihgﬁed or may be

acconmodate a slig |'ateral
ranBoil ompsefdcaratidoine frem facahgefamet vltewul be anme@atemwt kateral

hi d f h
dgSigR Mes aled it Ger JaneSibet BRBEATARR -9t atampls using a bulk

d,ﬁggmbgé,ng a degree of viewability in 25 the
[eft-tight directions. The anpbunt of |ateral spreading

maylnbieteehining theysalaetian ofiferet angles & bpaisgridaine grnsflector,

e 5 SBESARBL A y SBEa A PRTIY i g rtor

overdiRer @ dcﬁé@' Fop eRahioRy alcﬁrtgiihd cdrgento-dewneidictign myusbemay
provi ded along with rotationally synmetric diffusion,

desamthekmq;dléplayrbﬂgrﬁn@ﬁﬂ ke bighestBeaiinergnteeand 69irggRPndingly

oo AR PO SBBhc  pr ay e

diffe it &eine thd2illustratet erbalec Atheyfréduarstyraftind base%lﬁleﬁér, facet
whi ch shows a refl ector facet 804 havin r al

UGS Praee SURD P IRGANER AT S Viewas Gecien are
<3848 500G SR A S Bl g S OSAS Proviing
ampEat d@f{ercﬁam‘cgr_lmbuﬂ@gitcsme‘ adeerﬁ&@iow&mbwm dliseatioh. This is
de%%'gg{ngﬁ Pq r@a?ﬂ\geidtg ng,b, | %{q?b ov?e? {heeagrlerc]igctgcfj pepf(e)rmance of
several constructions based on changing the base angle frequency of a collection of
flat reflector facets.

In the graph, several sets of different base angle frequencies are shown.
Curve 902 shows a microstructured surface having 10° reflector facets only. In this
case, the groove frequency is 1.0, or 100% for 10° facets. The resulting normalized
axial flux of 1.0 is shown by data point 910. Other patterns are compared against

this baseline performance. Curve 904 denotes a microstructured surface with 60%
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perpendi cular to the tilt of the reflector facet. The

nmodul ation of the reflector facet may be provided by
woreadlogasbng the depth of the cutting tool whePCT/US2004/012866

creating the master nold or enbossing tool. The

nodul ati on may be registered fromfacet to facet, or

may be m saligned, or may be 10 random or

1086814030 ANGofAckiPad 3094 8¢ fadets:eCurd 906 anbﬁas a different
appreciated that lateral diffusion nay al so be

frepnenaeidageisswitly base andlgspeogingdsom gy’ t@)?anﬂ?r@VlQ%anfjiC@tS atan

I fus
anflfjedl AT SHhoslA 1R R0 B B8 ARSI I Bhecton. 10
howeyeh eheafregaenwher acatchading a lsidesaigland ldsarthaheMi° g reduced
range is nore preferred 15 over other angles.
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bri }ﬁeggﬁkgj lﬂg}, églééd di spl ay brightness be hi ghest near
an

he “cen correspondingly |less as nore extrene
dowh rqm Surven804 nad SO treedrespeetivee axilt brightaess vblues are given by

di ff t th [ d, ab JThe
ol MR350 Bnd R0 Fak BNV Blarbet BETCANAGRPL 03 FoRts 2
SIngf%‘éhpﬁoﬁl%' &the raﬁ‘(Hl %?ﬁr:;ﬁﬁfe%s'b%ﬂrorﬁl%ﬂbg lis Mic@Maited while

Irection are 20 ed to have a hi gher frequency
brcta‘mnningwtbmellewlrmareglarmr@ﬂmarﬁenﬂoaéown olitiegtion. For comparison,

cufE e titea s BT casp whise o Fhete o BASS BEje51ABaing from 6
to bO° ﬁé\% e§ualVPeqilertyoVhe bsrddRMdHLANiBES &R Rdrc® Bidenoted by

several constructions based on changﬁ t he base angl e
point @qoerhwhlafcoaflg@nat@at thenrestiltingaxial lggmeas abaust30? ,2ssgnlflcantly

ol SR TheBEI D, S Tt o o

m C liahother @kémpﬁé”rfo’i%ﬁomvthwfré@iémﬁ cﬁfotaOétsflﬂQl&é $ange from 7° to
In thi case, the groove frequency is

105 Buifisraama (i dor Sact HBGadyeTe: the ragHliag nosmalizsd axial brightness
h d
bl T A b gl

dey eHie soBstiicticrsas iicthercthstucfiae esswmdefGP/o:m&e\W6 the
04/ 099869 PCT/ US2004/ 012866 10facets, 30%9 fa acet s
re%@m@x)@bbm%tﬁeegs lsdmeb@r fon gheiearstrictionAssosiated with curve 906.

fr e%‘ﬁﬁ &f dlffE e'iwﬁlel%acﬁ%a%@g%@e 5 e réﬁ&tég angular

I'ng ace s at an ang ess t han
out[m’uef teemiarobirgtiurep transfiedtongay e tdoed orioptintiged along a
pre IGI[I‘S k Llewmg Jlrectlon independent of added symmetric diffusion, to meet the
specific requirements of the particular viewing device being used.

It will be appreciated that the microstructured transflectors described so far
operate in a “grooves up” orientation. In other words, the ambient light first strikes
the facet side of the microstructured construction while a plano-surface is on the
opposite side. Any or all of the described embodiments may be oriented in a
“grooves down” configuration, in which the ambient light first passes through the

plano-surface of the transflector before incidence on the microstructured surface. It
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however, the frequency of facets having a base angle

of less than 10 is reduced 5 relative to the frequency
wo@boonhesed f acets with a higher base angl e, thePCT/082004/012866

axial brightness may be increased. From curves 904

and 906, the respective axial brightness values are

given by data points 920 and 930. By nmintaining a .
is plréfte%a tRSI &%ﬂ ?GFethfwe@\ frechbSiay Anits 18Wet boRitizepant ithe

of the axial” brightness perfornance i S maintai ned
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shown, the frequency of facets in the range from?7 to
10 is the same, 25%for each angle. Here the resulting
norXaMBled axial brightness is calculated to be

0. 7@%an§hé&8}" QIRFQ@e %H%Le@t& o0b sﬂBmfn%'F‘?@t?rwés‘?‘Faﬂincated using a

angles is 'S construction as in
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forget 46 apey st Rupara® S05 ThE reriRAGeh etz had a
Corﬁﬂr‘;] ﬁ&'ﬂer 23 vtfo, %Pﬁaﬁ@m&héﬁé e3 5wt Pehedxahbar) efbcrylate and 1 wt.

out put the mcrostructured transfiector
malgocbemm,eﬁ hgdroxptZ -mietieyl-Hihemyl-aropanet-enee d ha eigragtructured

oG5 S RSB BT LT o Wik

thldkhﬁ% BY B8N 550 i, BAdUsRNa réfradtivel inbiéx approecTing ?dartdmbtlon layer
he mcrostructured transfl ect ors described so

21‘bweséoamedm fram glaysras hutyl asrylate: adhasive havipg Werrefw&#lu% ndex of

1 42?%%%932%% e\@@ é}l%{)c?%% Wthh‘n e ﬁlgﬁarﬁlzaag@h Iétr 248 o td Ql‘?)wde
sorf8 diffigsio®PPRgibasedrite, G\n}ftm s‘arUbtuoéd tdyer Qdicwai)éd
enbodi nrents may be oriented in a %roo

conf hgexaempim, refqairemoc@ﬁ sa@PlenDi Was (P%tsﬁtm Ppmafﬁsgé'@@ two
othbP HR %r}'ct r§am a@‘\?vassué% frfm c:leﬂlg%vtaﬂ éfﬂa?fstrﬂésﬁéfc%kﬁ LC

|nc:| e m cros ructured sur ace
dlsF@QZHrQBSQ@@ImaBaMrQéﬂﬁﬂfy avaslableeﬁ*ms*fkemlva @DIQm.;C display,
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within the LC unit itself. The different samples are summarized in Table |
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transfl ector be polarization preserving so as to
mai ntain as large a portion of the incident anbient
WO p@homsd possi bl e. Candi dat e substrates for aPCTUSNEE12866
down" configuration my be an isotropic filmsuch as
pol ycarbonate or an absorbing or 5 reflective
pol ari zer. Incorporation of a reflective polarizer can
TaH]éQVI de $h@piétR@cripéionsi t of polarization recycling
for enhanced backlight operation. Exanple A
SampiefiDeclt @ampﬁekldenhﬁcatlans {1 ect or 206 SHomment Fi i9.

rcated f A—oxitde

refI%c?tf@uregﬁalg@ﬁé oﬂg‘f géé’fqyle&ﬁ'() TEhbERr
tfaﬂstj@qo,fvmﬁ 212 fornmed on a polyester
suBst r at e| @EBI Coptrohi cr ost r ub Coramercigiby avsilpblesfiersmissive
conposi tilon of 74 wt.% al i phatFd-lyeBt hane, 25 wt. %
hexanedi ol ABO#ET LC&t e and | winterrt4l Beirroc bendidmark 2
hydroxy-2-nmet hyl -1 phenyl - propan- 1- one. The
mcrostructured |ayer 212 had a refractive index of
1. ApotitHght Mepediement| ayer 216 had a quarter-wave 15
thl t t

& SHBE TR rpPastbriza? v Rl i 51l MR uminatec

W|tH éwlm@étebutg}ﬁlt besaryiheidentdh¢isé ¥erfhey atgn angks 08807 toenormal, and
i ndex of 1.47. Styrene beads were dis oseo{ wi thin tne .
a dgte&iqrquatg%vpmgty@rmm Was pWept awer abapolgitprsagTe the light

refl E@d% tﬁ@% )pas‘égu{\@t‘?or?‘ﬁf r‘é‘fl‘eFﬁ&iah%‘?r 212 was 6.
€ exanpl é FEPFEd 18" as , S tested in
C OoNees gsmmnmthb spabligh? Gesultseior mesmragsanﬁﬂaq;)batliled/éléatﬂe | are
oI or

proglgi@dgéc all é %@slalﬁgllge E)g/réz{{g Srlg%zﬁe egliog peak censfgredy around
o I
+3drggﬁ|5t% tﬁétnp}ﬁ?oﬁong%rabﬁ: Ebrd mlng“ﬁspéﬁ%ulé’ﬁr%ﬂebﬂ‘bn of the

a ce t hat artial netal
illumafdtieatlight. paiaetwndtte«zlf thisi refieatior pealcwm afféate@ by suthdactors as

o et 55 R R ATEBE LB AT i B0 R W
reﬂ@ét%‘af ITHd %@l@%m'n%rmalmgﬁnbﬂ@ﬂbbﬁm affl PstafaBrEWhite diffuse
structured external Single layer |1TO refl ector

reﬂecmn,srfnbdet Np. BREE8D-02Atmanuiasinted dydiabsphers. INgitke Sutton, New
Hsm ssive

Hamps
For the internal mirror standard, curve 10-C, a very broad viewing angle was
seen with a slight plateau near 10° to 14° from normal. The 6° structured external
transflector provided a similar reflected luminance peak but with a narrower viewing
angle. Without the beamsteering control of the structured transflector, the flat
transflector of the OEM control curve 10B, exhibited an undesired flat response

through the viewing range (nominally 0° - 15°).

Backlight lllumination
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TFT-LCD C A3013T LCD Internal mrror benchmark Spot

Li ght Measurenent A spot |ight neasurenent was
w@eeohoased, in which the display was ill um natBdI/uS2004/012866

with a collimted |ight beamincident on the surface

at an angle of 30 to nornmal, and a detector on a

goni onetri c nount was swept over an angle to neasure

t heThé Bhbkhtrp@rfo?ﬁfaﬁ@efd‘f eBhiphss Al Brdrwcaﬁe@ teunet iging the same
reflection an oni onetric spot light results

bagkfight wqmblyegrmm%lggbwsaﬁ@ay rgBran e@@%ht ghdguidedsing 3

| I
o8, E4fusHl bl PSR A S5t
pogifiegy aloayrtke msml'ayl gotrals peouded th@éklebbmgmneés bh Eght transmitted
|IIumnt|on The W|dtho Ihlstbéf ectlon

throigh ther@gplay- b/g)q%m&?'}‘?&d%@@%‘ atignfrige fieplay unﬁgr test o the
I I f
bai B BB e R STEHI R o b fhS018Ra sysln.  Th results
areaegmvmsm Talbledbti on off a standard white diffuse
reflector, Mddel No. SRS-99-020 manufactured by
Labsphere, North Sutton, New 15 Hanpshire. For the
Tab!&tlﬂﬂ%hsml‘féiﬁn SFB'&@ﬁhSht ﬂﬁ.f ﬁla%iQmC a very broad
viewi ng angle was seenwth a slight plateau near 10
to 14 fromnornal. The 6 structured external

transf Bagiple provi ded| a sigffdctive Efdrsrhizdionm nance

peak but A Th a narroper view ng gangle. Wthout|the

Dearrst eeTEing control pf the stru b f%d transilector,

£ . [
the—ftat—20—transftector = ?Z(.,Ulll rotr——curve 10B,
ovhl hl tedan daci r f! 0

1 ah . h
oot oST—1C

L+

at € pG 1S€ tAough—the
vi ewi ng range (ngomn 0 - 15

|11 SARie Povithia @osw@w@b@e@@‘l b 9%%%92%@6%?@6 original
baék'ﬁ‘éh bl?ﬁ;})@?;éo?rﬁe ﬁcP ho asérﬁs:so{é d@;lzﬂd“gd% %ﬁﬁﬁl@ B e$hR%ompared

ve@sfawr‘abpy MStbd trﬂnsﬂégmfé drrsplalyglhtrgthedetemah@a&fldcms sample C.

di ffyser s two bright C|n fil
saimpg Aaeuigainos! e vedbaPaRb: BRORGRsS R sartTa g

r eC‘Pﬁé‘ %?ff({{@ﬁt %ﬁbn@ﬁﬂsgﬁ%%ﬁ Saffplé *ttgé’ttcdrftl%lﬁ@tbttﬁé‘ tr%nsmlsswe

hr ough t di spl ay [ um nance ratio cal cul ation of

Iossaeskiolsldltm/cmln&iéeretdetstenptalm tiee measured difference in backlight
transmission. The major components of loss include: absorbing polarizers, aperture
ratio (fransmissive area through the patterned mirror or around the black matrix),
color filters, and LC polarization response. It is assumed that the front and rear
absorbing polarizers in Samples A, B and C provide similar transmission, even
though sample C uses an anti-reflection treated front polarizer. This AR treatment

will only provide a few percent transmission difference, however.

Color Shift (Reflected Light)
The color of the light reflected during the spot light test was measured, as a

function of angle. The color was determined for each angle measured, and the color
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bare backlight yielded the effective transm ssion of
the display system The results are shown in Table

WO Roo4/0gd8b®e 11 Transm ssion of Backlight |11 um Per/Us1w04/012866
10 Sanple Effective Transmssion A 9.4% B 10.8% C
4.0% Sanple A, with a 6 structured transflector,
preserved over 86% of the original backlight output,

of m@m@m esfledced Qﬁeéérﬂaﬁglb% ip¥etted inrhaolr cﬁ@@’@lnﬁ?nBFIG' h1 $sas an (X,

conmpared very favora to the transfl ective disp
y) Ga-oilinafe. iGurendr-Ar th?/ dc€ oare shav @r@acb§a$awﬁb along with a
set meo%ﬂgsﬁbﬁﬁﬁlgoégé )r éblﬁ?&:zfotr I?%frl]éécﬁ?)g\l ‘?fﬁgté“é‘ﬁ & %Q? §§ﬂ%’t on

stap@atd, ishuive d=0114e Tharsikiesy litle Shifs Fethesdudort df light reflected from
consi dered to expl ai n the peasured difference in

theﬂ&ﬂﬁﬁi‘%ﬁtanf’?%ﬁﬁ gias1le phdelgglion icViRfhent s of | oss
' nC#Hrdéacr?BF‘fP] e 9 4 | ﬁFBSanoaP? Id Yhe gofrﬂtlhé‘t corresponds to a
(transm ssive area through the pattérned mrro
measaendetraadé at 24f‘reapprmhch|_ag to® Igtmefpelakea‘t:ﬁmalsdnlatked The

pol ari zation res on§ o 1t | ass HEd t hat c,thg ront ,
meRHTaTRERS WHESPBNR G holniPTvAl Ve INedARIR S s 24 - gagagponding to
thePrBYs R hiddd fcﬁ‘Bn%FH‘u%é'FQG 1Y ehe $A184E fbf%ﬁ@pbﬁﬁgfor sample A

uses an anti-retlection treated front polarize
is raRtivelyatmalh tapani ﬂrmmdheywprpmmtde:lczﬁerséw pét,dedicating that there is
nce, howeye | or.Shift ..
it BT LD P L orh Evaas Y GerABR; RETE & Fukitaataly more
spr@@alfagcm@s E[cle dn'dg’m C, @fdicay RetHY Sehbicts image for these
function of angle. The color was determ ned for each
displays shewssnpesicolanghifias a dunrgtionad angletivyy pyseswle A. The

o R DA R R A0 o e

thiokne@g o itk BigR |TOIIa4RS ahdifdy wilhlthd, additiéh ofifigtisarasyerk o the

each sanple, along with a set of (nostly
dietanbie Pﬁlﬁ'@ééftfbecﬁb’r nts for reflection off a white
di ffuse reflection standard, shown as 11-D. There is
very little shift in the color of light reflected from
Color Shift (Transmitted Light)

The color of the light transmitted through the different sample displays was

measured. For these measurements, the color of the backlight, operating without a
display module, was first measured, thus establishing a color standard against which
the different display samples compared. A chromaticity meter was positioned along
the display normal, and the color of the light transmitted through the different sample
displays was recorded. The axial color difference was calculated using the 1931 CIE
chromaticity space. The results are shown in FIG. 12

Visually, samples A and B provided very little change as evidenced by the
small change in both x and y color coordinates from the bare backlight baseline
(points 12-A and 12-B respectively). Sample C, the internal mirror display, showed

the largest color shift (point 12-C).
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5 the reflection standard, as the angle of detection
is varied. For each of the curves 11-A 11-B and 11-C,

W b@4poised t hat corresponds to a neasurenent PEHESHED4/012866
24, approaching the glare peak at 30, is marked. The
measurenents were made at |I' intervals over the range
-6 - 24, corresponding to the neasurenents nmade to

pr oguee é?daﬁlpléé)dls'ﬁbeséd)l‘s@&‘élr e tdTRcps K T@h‘:t i$ @hgeml}ylsepérated
10 is rel ati vel apart fromthe

fror) thgetaret @ymme%/rmllb atn afbier Nesroe Hepdmage ot fafloced by the

el 8P ARIG rek PRE6 A0k shEURg R i approach s

paﬁtIOdliaﬂgtUS@ﬂ,lll @Iatou:ghat aoblnramed tmwgsltu‘anontwm@ thei msiitirns of the
ows nore color,.shift as f unc&%égi of an

Vle\élgﬁﬁpg the ambientdjghé sguice reriivedP qpl%@%esqq_s g_x\nt,ié&rconstant.
t o (ﬁ%ﬁgr %Hér‘o@%h metr%ﬂeetgurn;ryagg I?ﬁéfrﬁa;ﬁ B@dﬁéc’ted s0 as to

ness o he single I'T rrwth
sutmﬂaimﬁalkyrswfowwrthbgianea;@‘rs Inmthelewordsertlmtmage bglnit eflected by

el e Sl LGP i rEgh e s
apﬂb%@h e ViBer %Oam@?évfeﬁﬂtheﬁ‘éﬂe&lfé@ﬁﬁ)dwmé rah§é of

color of the backlight, operating without a displa
azimdindleangles aboutshe moamat tarithet diaplays (Tatis appioaghds ¢i6e®M, but is not

Ilmﬁ%ﬁ,&g?aggltl? %@2@%@%%%%@ tﬁ)(eg défftﬁg&?e&g%rd%qsqo rb%ga'%ﬁomnﬂé ﬁaht source
reldthe @i B! %/Plaﬁrar@hot kvt her arelverriable. t he |i ght
transmtte rou the djfferent sanple di spl ays was

r ecON@erArtiquar gmbaﬂlmgmtcﬁ gifisplayeh® uses &h}ﬁ@p@aoach is

sc%ﬁgg@?@é&ﬁll&ﬁ%ﬁ@ﬁ#a%;ﬁ’ﬁ@fdlsglé ﬂggé‘&%s aTE'Epfa‘iﬂiHﬁ $302, such

as Briidled st display, tdlﬁ)dsbdrtg@raﬂrmf@etmemdﬁy The transiédtor 1306
change in both x an

|
corpatRes grubstaty 130 t%éﬁ%&’t{&% g}?rtigesfé? 2 W Geldahte partial

roflefRfidae R is JRRER g L SUTLLISR oY SUBstRLR Bopts the
sha(’jc}ﬂﬁ)éf ﬂ&gﬁdﬁﬂztm@f H/éﬁmﬂ)ﬂ?z%lﬁe dlemed:the paxtiahpéiactor layer 1316 may
t flected |ight i. | arl
be Seardoeaorayihe diiar Be RPN Ioy DR iAo An overiayer
!
1 B AR A L, T e
be peplknafimtordppenach i s

Light rays 1320 and 1322 represent light from the ambient light source. Ray

1324 is reflected by the display unit 1302 at an angle of 61 relative o the display

normal 1330. Ray 1324 represents undesirable glare that interferes with the visibility
of the image caused by the display 1300. Rays 1326 and 1328, on the other hand,

are reflected by the structured partial reflector layer 1316 and represent light that has

passed through the display unit 1302. Therefore, rays 1326 and 1328 contain

image information. Ray 1326 reflects off an “uphill” portion of the partial reflector

1316, and so is directed closer to the normal 1330 to the dispiay, at an angle 62.
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particularly useful, although it not limted to, a
situation where the positions of the 5 viewer and the
w@pdvisesed | ght source relative to the di spl ay BCEUS2004/012866
substantially constant. In another approach, the
reflected image light nmay be directed so as to
substantially surround the glare peak. In other words,

Ray h828 mefiscth iof it “do@inhitic beditibi of tthe phrtiah sélestd01316, and so is
o?gat es in d| fferent di r1§ct| ons abolutthe gl are

rrrﬂ'ﬂ'e‘%nu V e%frﬁbcw 'ht %H@%%Hﬁﬁé %hrfacéwéé%

matl ca
numbeFbGcdlidps B3 wihegd amfacmo‘ohnﬁ max"eunmnculauqf aml,ve to the

plage 33adr WhRrSing g erisiSiRr AL IBL YancRtS® BY f5e B¥BEadktor 1306

is spresd b@é.ea Ja?ra@r Fehﬁie SRghfest Wlféré rtﬁéi seHldRce33847% défined by
drelectrrc partl al retlector | ayer 1316 1 s di sposed
o the bealloms ) > gta, ke angle a may be

cap preciated

tha@fhé ﬁm&u&é@%ﬁa@e @@m ﬁmgm@pdﬁmd ma omb@wepeé\@f proflles For

overTayer 20 1318 may be placed over the partial
examplleetheastrmetuwdguﬁace maabamnv;axprath\en thanggongayegor may employ

893 tl,él%% such as a sine

curil¢§24n laadIh@frﬂ Gh'é muﬁuré&w@mnay bmﬁotmka% are@naa@ﬂtan or an

of 01 relative to the display. norma 1330. Ray 1324
lrregalarmwﬁ AﬁHH@ngﬂﬁlpﬂttﬁmquflﬂwmmw

%gﬁ o e i mage caused by the display 1300.

=~ on the other hand, are reflected
by The stucticedsedapariBi dimaebée @onsndelr@/m cammsamhumber of
reoresent

ey ia
of érﬂﬁ§§ FBT’ %F(&ﬁip'lé’%acﬁj%)ﬁaﬁ@@%ﬁ?fﬂa%%o%éﬁé oﬂfhe é{%dé ranging in

portromn or the partral reffector 1316, and SO 1S

ancqierbssd:\lvedn elocmedt +mamdhmavdmemd>nsldel@d’t@jmg rgf@im;g ‘ax The size of
an . . Rz

caéeeéé@r?b%l éﬁﬂﬂ@ dléﬁl‘éviﬁnt' 302 may be assomated W|th more than one

respective reflecting units of the transfiector 13086.

‘ An example of a structured surface that may be used with a transflector is
schematically presented in FIG. 14A. The surface 1400 is characterized as having a
x-axis and a y-axis, as shown. A cross-section along the x-direction is schematically
illustrated in FIG. 14B. The structured surface 1412 is scalloped, with an

arrangement of neighboring bumps. The spacing or pitch of the bumps may be
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directed further away fromthe normal 1330, at an
angl e 03. The substrate 1310 and the structured
WG ftaemwed 312 are shown in greater detail in FTASDHBB12866
The range of angles over which the rays 1326 and 1328
may be 5 reflected by the partial reflector 1316
depends on the shape of the structured surface 1312.

selé&e& he ak/bidqﬁbfréteﬁéc@é@%@ ‘ré@ﬂttfromh#h iptaraetion Wi'thscbthélﬁpérlodlc

2 conprises a unber of scal FS 1332 whose
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define 10 known curves, for exanpl e where the
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14 80wheatsolSdlopey ab@ng)tmy-diérdcmnh ot her types of
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contfuil be apﬁéﬁci@tﬁﬁnﬁe\‘yﬁ&%fv éhat aPg o crodssc%ﬁc{;lgns in the x-
andjxfcflr%%ﬁ@ﬁ he8adt Bg%liglmef Shd ﬁééﬂ”?}%@b@ éb‘é%ft)ﬁé‘oF%r example, the

Ve suc as a curve. I'n addition
cros$section grose of awwerdinechiens orayanke sinuaoidaldsais sehetratically

luatende FIb oraGaan By inghos Anoliar Sheps” itisriibyE the pitch of the
sur“&%t 2 fheéz%(;{ diREcthet r'?na H Bé %é@ct@cﬁﬂ) 5 'éﬁ/@@eMbﬁré%ffects or

e considered to co rise a nunber of reflectin
othen atlsmgvfmm aneatmacmn withiangthertiperiodia stectuee utheaeplay.

e 355 Y S Beh I3 oA e B Shen P R e

pelidtie BeliStuRe WiReN sl abehtiof (abodib & ritkshad o BRntrafsiiestor, 8o the x
be a reflecting unit. The size of a reflecting unit

andryseies df e trahafiectnears net aignedprifiethesaxasmef esparipgic structure.
1302
32: :{\ fé’(‘jﬁh}?%‘}" (\é\msﬁ% 8 C{f&%&ﬁ%& %q%'sﬁ%%tg?{ L}Jheaéj’thsaqls%wn in FIG.

144 eé\Fé?QIshngEa e ciffiiglvel pattRil edflacher ib Iﬂ&d&ﬂhb@tltumturéaﬁfansﬂector
25 An exanple of a structured surface t hat
proxides spreadingfafdee seflecied ypagedightayansa B@'é@lélﬂf&&?‘fvlﬂg e angle,

whgé S’I’ov}éL ﬁg tﬂ—ggbﬁlltﬂg/{oaﬁ\?ma%%lﬁ nm%gﬁgﬂg' ﬂ‘l%da IAeYs#Bution of

SS- se I on
theahﬁiw lighe frondltiieebacidight.s Agdbesrediffesilé partidi Irefiectat spreiads both

reflgeiad ambiant 4a5LRRNDABKIGNS: dHBaHERg VBLRBE! DRRKIL Slimption i
imPSrtdtt e Thid N exRYEBR EReshEd. 25

The calculated viewing cone response for a transflector as illustrated in FIG.
14A is presented in FIG. 15. The model assumed that the pitch in the x-direction
was 29.2 ym and had a radius of 245 pm, leading to a maximum slope angle of
3.41° and a depth, or sag, of 0.43 um. In the y-direction, the surface 1412 was
scalloped, with a pitch of 87.6 um, and a radius of 502.5 pm, leading to a maximum

slope of 5° and sag of 1.91 pym.
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WO 2004/ 099869 PCT/ US2004/ 012866 selected to avoid

Mire effects that result froman interaction with
W@Rien998ey i odi ¢  structure present in the di spPElHUSHOCN2866

as the pixellated structure of the Iiquid crystal

di splay unit. For exanple, the pitch of the bunps may

be selected to forman irrational nunber when divi ded

by Th@ nisddl eslendlainke \m“tmﬁéfeﬁetrfc@qbtma 160 mﬂ@bhyucommated light ray
nple, the pitch of the bunps thensel ves
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at 3 PAA 7901 & 1 e WanglogadnA &S Ermuthydraction, ﬁg aydgi2. The

pmg.éﬂméf@méd“@u%gémsm ﬁé@{a hRsthUHRE t nefREfr s shown in FIG. 15

rections Si nusoil as is schemati cal
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d.sﬁfa‘u%hss RBarf ?ﬁh&f.&% Bﬁgulbpgk@ﬁt brarw&w@maaltéﬁd horizontal
another periodic structure in the display. The

direttiomst ur ed surface 1412 may al so be p03|t| oned

rel atjve to the other [ ureW| .
C rhbiusBng e FdblfY stons e SbEuRed $Giraie ddiB iR phange in
theté}‘fq]mar aaentotkeTeféctehgight éliéﬁfbvﬁ@hcﬁhowrﬁm% al5. gPeiding a
he axes of the periodic structure. An advantage

higber aloipegnereeses thaipegular axtent et therreflegiad dewinegorhdvitile a

omle U5 S4B o 8 P B 40 scpart

sloperofiles o3¢ peaddedirofwd beho ﬁaﬁ@ir@dﬂ@@@ﬁe |xl-@|*éct|@m&!rndathe y-
particul ar view ng cone ang whi | e providing t

dlreacﬁlqni tYithsupha desipgnihe %%H'%/e)@ﬂﬁh@f thg qu#@utaﬁe@ap@;d light
dlsﬂ',bﬁtlolnqgﬁ s?) cﬁ‘]‘trolﬂeaeﬂléﬁ fos t%tdlféﬁl%gh%sb%%ﬂﬁ it48%0séible to

ector spreads
chdjcﬁsfel ethegbraairslopat pr‘oﬁw\oottoamdaﬂeasynhmgh‘tc orfdsymmetric reflected light

cisfHSRENE; S ILAEAPHIEERES N aS Nt HaPe fISRadint be defined only
aloi\’lpﬁwso{k?ﬁb?g‘ﬁaf Sii_(]é’%fb?m% EBF gi‘a&?@‘p?ﬁe% gﬁ?e @@ surface may have a

nurfiber wb chrldomsly posdioniedtroting bpimpsh eaghtrbenct bdmpecaﬂe@ts light
radi us of 245

was  29. m_and  had ea
syrnﬁsatmfygﬁ SNty Aad gnéieds i Siferren Bibeter i reng il
ﬁﬁlghgﬁ Glﬁd%% 1¥yéh r"n@ﬁtﬂe%}ovfd'é@ t?é!\FvEéﬁ Qhééﬂr@cwﬁéd surface and
sca h a pitc pm and a radius of
theslgiid cg{s;tallcbs;ﬂay@rtf“m@tummg ofithre viewing cone or for improving the
cosmetic appearance of the display. The transflector may be bonded to the liquid
crystal display device using a pressure sensitive adhesive or other suitable adhesive,
or may be associated with the liquid crystal display as a free-floating or other

component element of the backlighting system.
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sl ope of 5 and sag of 1.91 pm 26 WO 2004/ 099869
PCT/ US2004/ 012866 The nodel is explained with
WO edoaogasee to FIG 16. A nearly-collinmated |i ghCT/D823004/012866
1610 is directed, at a polar angle, c, of -30 al ong
the 1800 azinmuth direction (in the y-z plane, from
the +ve y side), to the structured surface of the
tr apgam@ed or sanple 1600. The glare peak arising
fromspecular reflection of the incomng light, is
f ouhdnalding topfaranoldingl @ strogtured sudace waérfgrmﬂé byliamond

turifbiEbohien it “The BB B and 2 fuehl Eliptopnd the drum
surtacmWSDéglgtharameﬁémWDr ihe tbbGveddthat hd tregd Mpdsaipiseteof 39.8 uym

surrounding the Iare gfak (darker point in the center
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f the st t d | t h [
PreREATENgeA aMUSRILAMTEGRa 8! -PIEY BLPPEGRE n i ST P, The
maiﬁy‘%% dlp éékééi sibpe o?’tl?é’bﬂb@&d@l cli WheRS! ope i ncreases

angul ar extent of the reflected view ng cone,
whi Tke aoolsnm Lged & topm a ettucttised herfacmens suhstrate using the

ol B A RSP e AR REREL G T BRIt S84 part of
the"m@ld‘ §§ 10N TRRGekirewds 78ivites HlipRatiViFdthane s wal e%' ¥¥anediol
the angul ar extent of the output reflected |ight

diadrydateians 1 ov. YsDarasorr 438y 5|hvém>wr2rﬁgethwe1s@qmﬁypr0pan -1-one.

Th%:r{;ﬁﬁ&% aﬁv @'Sé lt')ghdrfec lgg {{\Pﬁ@ﬁ Eto%@otm%?é‘sqer layer. The

polgsyterRiyareuréed rexii ehledt g rerdbedd front tk@’}ﬂoldlrﬁg de Tihe cured
appreci ated, however, that the slope need not

be
resifesherichasha pirpctuied syrface havinasy sinksoldal svsswestiea in the down-

i FARRLP 180 AL, 15 SR, BB o R saction

thercﬁbb%hr%ablcﬂfﬁctloﬁylmmﬂhet shdwiy in FI@z14B! Mheasatit hafard of the
no preferred direction for reflection. A sli

subRieta 369 BigEKoTAg SOETR Y acaeondon the StuRticed ot surface

wo?l‘dirlgél‘agt the liquid crystal display for fine
uni ng o ie viewi ng cone or for inproving the 25

cosiae idisteppiiar ahlight oéfledied cﬂ105rptfa@/str0'¢tgretd surfddeewasttested in the
roleinesmanes Garsdseniot foevniah RuE o fesBHBhosdbols Neary-
colAHBERS N§ht 1610 is directed to the surface 1600 and the reflected light is
detected by moving a detector in the y-z plane. The specularly reflected light 1612 is
detected at a polar angle, @4, that is equal to the polar angle of the incident light
1610. First, the reflection was measured off a flat sheet of black
polymethyimethacrylate (PMMA). The PMMA only produced specular reflection.
The distribution of the detected light is shown as curve 1702 in FIG. 17. Thus, the
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or may be associated with the liquid crystal display
as a free-floating or other conponent elenent of the
whaoklodghd | ng system 27 WD 2004/ 099869 PCT/US2004/012866
PCT/ US2004/ 012866 Exanple, A nolding tool for nolding
a structured surface was formed by dianond turning a
copper drum The drumwas rotated and a thread cut
corfd QH@I@ dfhﬁe%aaénta@hft V8- appSkistatdl r@eetfew ﬁndtﬁ ThafBaximum
were that thethread had a pi .8 pm5 and
(FVHH%)m nal depth of 0.53pm to give a rraX| rrum expect ed

paae 3 Caobaie Sl S by B LagfRiRs! §fece 1600

Thée eahslaej midiR shbiveass emtanmm ef'ar p@dtéam aldirgtigh bbl%llel to the y-axis
dept h the cutting tool pr edet er m ned

(refﬁr?ﬂﬂsf@u amthevh2 pacﬂcpcaihpcaﬁltm)lg h@ﬁeﬂe@te& ligthi géstebyliarcis yown as
culdl AT L R B U SR AFHEGe D ORCH tR3nSBHPRYAIAbout 13°

cut s use orm a s Fuc
(FWHiM®ace on a substrate using the follow ng nmethod. A
resin was distributed between a | a er of gol yest er and

par_tr geamme Was ‘rgeﬁdo%%qi abquidheigrma)d§07 4h{guady an angle of 90°,
SO fﬂé&ﬁﬁ@hbﬁc@ H@ﬁ'f@qm%%})‘iﬁteg% Bgﬁ@?:ﬁgh ?araﬁjél 35 We i‘ta‘?(ls (referred to

rocur roxy-
as fireetiyée p'cdpanpdsitiome. Tha Urstrrtmitlon (yﬁaeﬂem‘eddlghd vhlyen the sample

waisdp Jisirige s Bortion de ShavBistrNad DBl twidE B thgreflected
lighiRligtiDgridPR theifed BIoRbk Jdiidh whE @boliad aahmmy. ur ed

surface having a sinusoi Cross-section |n t he’” down-
t hr €hd sdimple wasnrotateddhtdugh attether 907, Bb¢hatlthe fithugiary mark 1614

oL b PR ko B Yk 98 csrutor

of ﬁ#’l@ﬁ@éﬂlgﬂﬁ When teélBap Rabas thd sisleededk ?@sﬂ:hﬁt isiMawreas curve
ection formthe structured front surtace woul d

1 7% deeeudtuiof therefiestedilight diskriartion; igibe sbf o @l@plsd)orsrtm was about

! ctured surface was tested in the follow ng
13@@@" "Consider FIG 16, which shows a test surface

1600astheané Banfph Wagabeded tfﬁ‘bhgﬂ@h@thér g setiest the ﬂdhelary mark
surface 1600 and the reflected light is detected

16 b poinded inieeveor-diractiane(rgtesreg tars theming ﬁefée%pwtlon) The
dlsEr?Jdt%ﬁtc?qehe&% Illﬁﬁg":mé% s %&‘etv@%e motfh tlﬂﬂé%rclé‘é}ghﬁsmon, is

e polar ang he inci
shd)wg ks curve 1710. The width of the reflected light distribution in the nine o’clock

position was about 9.5° (FWHM).

Curves 1704 and 1708, corresponding to the structured surface in the 12
o’clock and 6 o’clock positions, almost exactly overlap, which shows that the
structure in this direction was fairly symmetrical about the surface normal. These
two curves correspond to the grooves formed on the surface structure in a direction
along the thread cut of the tool.

Curves 1706 and 1710 correspond to the surface structure in a direction

across the thread cut of the tool. Curves 1706 and 1710, corresponding fo the
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1610. First, the reflection was neasured off a fl at

sheet of black polynethylnethacrylate (PMVA). The
wekivoonsby produced specul ar reflection. The PCT/US2004/012866

di stribution of the detected Iight is shown as curve

1702 in FIG 17. Thus, the 28 WD 2004/ 099869

PCT/ US2004/ 012866 cone angle of the incident |ight

stru‘@tﬁrei‘f’ﬂﬁ%é”‘iﬁttﬁb)e &chockfatd 9 Widdk hsdifioPXid®IBEe, but do not
(FWH The uncoated structured surface was

overiamses welles cuivend7Péands|#G8acEhis soggestsibat theushane,of the

sl P s T A0 B0L 2 iRl 258" s
syranEteeH s bidngthe tRkad @ftl ected Iight distribution is

shown as curve 1704, which has a significantly broader
peaﬁ\stﬁ%@ﬁ aheve.ribe dspsentigyantionds @pplicable tymnstigetive liquid
or T A5 oA e s DS or Ol M ccuir

refleetion el amblawtdighed’(dtmerlapalthelmagze t 1ﬁhe>pre$e|$t mventnon should not
(referred to 10 as the three 0S t

cl

be grgsidemit lipred o fha padicd rﬁxample %ﬂcr @L\%@ther should
b e o R PR o ey 8y it f%ﬁﬁl‘f‘?ﬂ*ﬁﬁ%ﬂacmd
clatrhs.e¥adbus mxbditkcntidnsoaqmaleabpmcesms (ERNHR)| asTmenerous structures

S l.e was r . through
to PRGERa Ay SH R N T8V BeePRTAC RV pe oty @epREapt o those of
sklﬁ iy &t mlc@rsthterkﬁe%ﬁt lﬁvéﬁWISW@dé@Ubon T@\ﬂew of the present

di stribution reflected |light, when the sanple

speificationt hEhe;clmms @r@(ﬂtepdm td coverissichiroosifiaations ard devices.

1708. The width of the reflected Iight distribution in

the six o' clock position was about 13 (FWHM . Lastly,

the sanple was rotated through another 90, so that the

fiduciary mark 1614 pointed in the -ve x-direction

(referred to as the nine o' clock position). The 20

di stribution of reflected Iight, when the sanple was

in the nine o' clock position, is shown as curve 1710.

The width of the reflected Iight distribution in the

nine o' clock position was about 9.5 (FWHM. Curves

1704 and 1708, corresponding to the structured surface

inthe 12 o'clock and 6 o' clock positions, alnost

exactly overl ap, which shows that the
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25 structure in this direction was fairly synmmetri cal
about the surface normal. These two curves correspond

wWa o00ithe98gy ooves fornmed on the surface struct urBCT/DSH04/012866
direction along the thread cut of the tool. Curves
1706 and 1710 correspond to the surface structure in a
direction across the thread cut of the tool. Curves

welédpPa@nd 1710, corresponding to the 29 WO 2004/ 099869

— PCIT US2004/ 012866 structured surface in the 3 o' clock
and 9 o' clock positions are close, but do not overlap
as [ 0 uggests that
theMgha R?troaﬁép%&ﬁ/eg%lg ur egfésgcr)?"?gl%ﬁ] cr 0ss the thread
cut, foratbios traasmlssw@dlspleaymlbha\nsg lredswingysigeandaaback side

t han 0] t he thr As noted above, the
e%@ﬁ eﬂ%{?grﬁ)ﬂ%‘i’? § ?’l%l e to transfiective

i qui d ?fﬁ&t@lredjtréﬁéﬁéfc‘ioﬁ&h@pb%@% th%Vi%’cleidé’@f the color display
particul ar useful for reducing the sgﬁcu ar

r efunit tthe Btructuaed)trensﬂeotghmctu@ku‘lg asiuckyred dirlectiiggeflector to

|1 mieneg epeidnt Ay hBEnRaPYased irou0f SR PPlsE Blsflip it at

but refiBEREH aﬁ?l@tdlﬂere*he frontlan sMEeent shgioMbe raflbctisipand thcident
of the invention as fairly set out in the attached 10

cl aangles Veiriconsanwgsreledveda displayareydl- processes,
as well as numerous structures to which the present
i nvention may be applicable will be readi Ily ppar ent
to 2hoseAdlevicslad teatadtimelaamt 1, twheatrircinetdielegtrissiefiector has a

" i nvent i on tbs di recgg(ﬁlo reV| ew of the present
ra%%@@?\qnc'ﬂt &rangg @ (9% 7% e i ntended to cover such

‘nmodi fications and deV| ces 30 WO 2004/ 099869

PCT/ US20 012866 transflectiy

di spl ay gé{ﬂ VIGE, %%Ppénﬁ’ i 118%'“%'?"} {Plgntgqﬁsggls%(e display unit is a
liquidh SRJsBN digPihy baki ng a view ng side and a back side

and deflnlng picture elenents; and a structured

transfl ector disposed to the back3| de of the color

di splay A gﬂi(yfce adRecielys 1ﬁ1d1 tfﬁﬁﬁélf &@fﬁf)ﬁélng%béﬂ&h @it anit to
structure electric reflector ect “anbi en

generghe batidighhdke strastded tnaosﬂ;éctohdlsposed betwegmthaugolor display

unifa gng the backlight unit, the backlight passing through the structured transflector to

the color display unit.

5. A device as recited in claim 4, wherein the backlight unit comprises a
light source and at least one light management film disposed between the light

source and the structured transflector.

6. A device as recited in claim 4, wherein light from the backlight passes
into the structured transflector in an input direction and passes out of the structured

transflector in a direction substantially parallel to the input direction.
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reflection angle different froman incident angle, the
reflection and incident angles being neasured

WO 200an99sed t 0 a di splay normal. 2. A device as PEDUSIA4/012866
inclaiml, wherein the dielectric reflector has a
transm ssion in the range of 70% - 90% 3. A device as
recited in claim1, wherein the transm ssive display
unig is g dévféé“ééjréifﬂéatlﬁblaqhsp|vﬂ’yerém the ﬁrucﬁu‘é@\/rbﬂéct@? defines a
recited in claim1, further conprising a backli

plucatityt ot setsgﬁmeﬂ@atwelfa@&tsl igletreflepidvestacets beied nonperpendlcular to an

fI di d I d '.
optigalBYin T BEISHAT SeiPe b ik fetsit Phagk iR A risiiho
asdoefated wnht r‘é%@écﬁ\feaﬁ‘iﬁél'mtpﬁmu fePeletiEts ahersetd optefective facets
unit. 5. A device as recited in cIa|m4 wherei n the

cornra@asdng@hdeaaﬁ‘twomﬂqntwgé@mats | i ght source and at | east
one |ight managenent film di sposed between the |ight
source and the structured transflector. 6. A device as
recdt ed Ardevice as citatdn elaiml 7, yrhereirotiet iedeptinskiacgta of the

plugﬁ? f §%tﬁnogﬁaﬁ%«§ Jgg%ﬁ%rrgguiv%%%% 32 E«%cﬁﬂigégr ?i?stirgﬁé’étive facets of
thelded of t&dctive iffcdts B nspdssewatsé firdtiaxigley rlativad {oethetaptical axis
the i EUt direction. 31 WO 2004/ 099869

angrerTIRP pHlect 1o famty of hegests ©f r%@%@uf@@%{&h@lmﬂ disppged at a

ot e 83 168 4625 a4 P g o arrn
frofed Athghtogeraiendisecdrat ahglean opti cal aXI s of the

di spl ay device, the different sets of reflective
facets being associated with respective different

pi coure Al s rdditedsechinfs, nefdrent ﬁWf%rér&Q@ﬂéctlve facets within
conpri Si n& at least two reflective facets. 8. A device

at lagstrene ptihe setschrefectivafacals rhalvﬁéi'fif@pnéteﬂ% facets

of the plurality of sets of reflective facets are
substantially rectilinear, first reflective facets of
t hel@et sAafevn@r asredited in sladmsB, heherginipass aaalestof ifferent

o R Sy L LR SR  PL Bf 0500e a cosre

avé}a?@geﬁeam@@atforathew oneufintive facdter i ve to the
optical axis, a magnitude of the first angle being

di fferent froma magnitude of the second angl e.
11. A device as recited in claim 8, wherein different reflective facets within

at least one of the sets of reflective facets have base angles in the range 2° - 20°.

12. A device as recited in claim 11, wherein the base angles are in the

range from 6° - 10°,

13. A device as recited in claim 7, wherein at least one of the reflective

facets is a non-linear facet.
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9. A device as recited in claim8, wherein different
reflective facets within at |east one of the sets of
wo edoueeassve facets have different |engths. 10.PEI/US000€12866
as recited in claim8, wherein base angl es of
different reflective facets within at |east one of
the sets are selected so as to provide a desired
ave{gge AQfdicd A9PReciRalif clfm H‘Q/vl‘ﬁé?blrpﬂ'ner&fléﬁﬁtdﬁéeof the
facets. 11. A device as recited in claim8, wherein
refléctifecfapefs iscgureed.i ve facets within at |east one of
the sets of reflective facets have base angles in the
range 2 - 20. 12. A device as recited in claim 11,
whetei n Alteviceses sanjleddn alaimi 13, tiereinaingeatfleash @e ofithe
13. devi ce e ncI im.7, wherein at |east
reflgﬁgv%aq%%ﬁggﬁ ?&Sﬂ OP?%%reﬁ %ntg non-1|inear facet.
32 WD 2004/ 099869 PCT/ US2004/ 012866 14. A device as
recifed in claim 13, erei.n th ast, one of the .
ofber i boekic ey Tl If ol o dteib e lfedlsenffior defines

reﬂ'eE ?bﬁlo%% thaD8FeE é\fpbh&lcﬁtaﬂt@%ﬁﬁorﬁ{b? 1®thd BRplay umt and reflecting
tive facet as at least two |1 near segnments.

pomens Materecwt perpedicydr fona abanal o, thettisplay uniie
structured reflector defines reflecting portions that
are perpendicular to a normal to the display unit and
ref 1ect i Aglevime 4$ cetethiatclaime! Govhgreirptedstoudtanedt reflactor
nor.mal to vice as recited

' t di spl 2 t
comPRTH eTHHACEA AR S R 5RO BTV B ot ot ngles
ab@ht@gb&%h 'E)@r Jlé\ﬂﬁrﬁﬁfﬁb%rﬁ%ﬁ kSt AigpRYTiions set at

a ranhge of es about a position perpend| cular to
t he nor mal to the display unit. 18. A device as

reciged h dé) fé 9 ﬁ%crééé'a% dim MeRerehe #f ddvice is illuminated

i lluninate ent |1 ght 'and the splay unit
by aafHiemttlight Iaaddhe |dg<.m1ayaums reftpcts olare hgh’mﬂtﬂneg]from titet ambient light,

tructur r flector ref]ects
the ARyt el aP et mene 1GhLPamErlTD B8R afths glere tioht.
as recited in claim1l, V\herel n, when the device is
iIIurrinate by anbi.ent ht andthe is
ref 18ct sAgjjeé’r‘%gP? @‘i’ﬁ'teé’rlf‘ﬁ B Frupeiein "g?‘ﬁiﬂﬂ%d?‘f'%{s lluminated
by tahﬂg%u?rgt:]llt'q%ft :éh@/C{g% F?égﬁ%]%lﬁﬁ% Pc%fherc%% %;%?éé fighMBe%Ind M the ambient light,
the structured transflector reflects image light substantially surrounding the glare

light.

20. A device as recited in claim 1, wherein the structured dielectric reflector

is disposed over a holographic surface.

21. A device as recited in claim 1, wherein the structured transflector
further comprises a planarization layer disposed over the dielectric reflector and

facing the transmissive display unit.
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light. 20, A device as recited in claim1, wherein the

structured dielectric reflector is disposed over a
whodoegywphi ¢ surface. 21. A device as recited POI/UEB04H012866

1, wherein the structured transflector further

conprises a planarization |ayer disposed over the

dielectric reflector and facing the transm ssive

di S?iz ay Afdvice3sds V&lt%@%/c@aﬂw vﬁ@r’éwﬁﬁﬁ%éﬂéﬂﬁ@cﬁ)@%yer includes

A device as recited in claim2I, wherein the
diffglsimgapariieleson | ayer includes diffusing particles. 23.

A device as recited in claim?2l1l, wherein the

pl anari zation layer is an adhesive |ayer adhering the

st r 83t ur Adlavicenas regiedrintatainh2 twhereiri 8w pendiizatianylayer is an

S Inyehgee R Vi sPahRE (aRel R E R s Riprtay unit
the adhesive |ayer. 25. A device as recited in claim
a diff d. bet
L bt B P S AE AR BREE B B

paHf@lets pr%@dgﬁvﬂﬁﬁh% ééhéﬁ%‘i%r.‘ n claiml, wherein the
structured transflector gererally lies in an x-y

pl ane, and the structured reflector conprises tilted

sur %gcesA J(%v'léeeé’s Fé‘é Rl M%lélﬁh’f t‘\“Ert}ﬁebr’cdé’rln hi8ingCa Hitfiser disposed

l'i ght normal Iy 1 nci ent e Xx-y planeé in-a
bettaerctheairycturattednsflector andxthe transmisdive dispiabynit.ne

tilted surfaces in a direction having a conponent

lying in ay-z plane. 27. A device as recited in claim

26, 28her Aidevide heastiteana adint hevhédeirethe staudtarsestrassflector

shap egﬁso as to Eaterall reflect a |oort| on of t

genarelialg 1 Aay s 080 Ao alTveBted Pt ORRes Htadpirfaces
tilt%F’élét‘?\Fé 100e 28 plah &Y ik |l§ﬁ’% ﬁ(ZﬁFr't\eiil nblﬂeﬁ{ & ey plane ina

he at’ 'east one o surfaces’i s
direa:trorepbratielats a p-axis, i mdflegtadelpy thet tilmqosmnfam infa dinection having a

i nc |de@ iﬁht to have the directional conponent in
COMRRNRNYINGdH %W Z P8NC-A device as recited in claim 27,
wherein the at | east one of the tilted surfaces has a

Lg?g?gnnyg}/&{\#@n s Tecited in claim 26 tvfl)hJaraetlnezra’fel Ilelagt one o?%t fited
surfaces is shaped so as to laterally reflect a portion of the incident light to have a

directional component in the x-direction.

28. A device as recited in claim 27, wherein the at least one of the tilted
surfaces is curved so as to laterally reflect a portion of the incident light to have the

directional component in the x-direction.

29. A device as recited in claim 27, wherein the at least one of the tilted
surfaces has a randomly varying surface so as to laterally reflect a portion of the

incident light to have the directional component in the x-direction.
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incident light to have the directional conponent in
the x-direction. 34 WO 2004/ 099869 PCT/ US2004/ 012866
W@00409986evi ce as recited in claim1, wherein tPEI/US2004/012866
structured reflector includes sets of tilted
surfaces, a set of tilted surfaces corresponding to a
respective picture elenent of the transm ssive
di sph ay ﬁrafekncee’e?s reRitd8\h RISt rv@rférbﬁ\dth'enstﬁlc‘?ur@(ﬁ%flector includes
wher ei n ferent tilted surfdaces within a set
sets iof tiked surfhees s $etvad tilfiefifsairtaces wotrebpendigg.toA l@@@e@%ve picture
o8BS lg[eﬁte in _clai nalél | wherein the structured
elegent o the TapIPSSPESSPRY UNifdes a substrate conpri si ng

a material having a relatively low refractive Index

Surt Rob - bidebice' Suiipdin oL 3 RETRECBRreh BBl UARRSs wihin a

setfdf%uaa%%rfaae@h% diffeeRBpitdifds. ref l ector layer
conprises a single layer of material having a

refractive index higher than a refractive index of

thegsubshral fe cﬁeEI?rY cfmaP vI)I?é’rbIne@le' é’(rﬁt@‘e@ délectric reflector
al

\/\,her ein the partial reflector layer conprises
inclpides & smbstmte doglpeistng & nhaigealéwa)ﬁng\atreiamelwngw refractlve index,
ow and rel ati,vel ef ractl

I I
and:§ Bhididetlec SRl PEgiapogen o sirieted Suiide pt e SltStiate.
conprising a pI anarization | ayer over the parti al
whevei n PIAEVERAS fedite i ST MR ATt refeie aver
corﬁ?ﬂ?@scérs I e?’(b'f Rtk Iﬂavﬁzga?@ﬁ?&ﬁe”ﬁﬁ@k}ﬁlg%é thAR@ refractive

tri ect or inc east one layer
indbrwif trge aub&tfatactlve index in the range from
approximately 1.8-2.3. 37. A device as recited in
claim 36, wherein the surface of the dielectric
ref 3&ct oA cfemzjermjs eegitedfin chimh®2, suibsreimathe partiel refleetor layer

COIWIé%Q@Sila Eté{rcg%\’(‘l?rlg % giefrrg%%%%t\é%@ttm%%equ@gg}ég\?v and %Iatlvely

hlgﬁgg{r\%\lﬁg%oiﬁ{jg}%% 38. A device as recited in claim

erein the refractive i ndex of the

35. A device as recited in claim 32, further comprising a planarization layer

over the partial reflector layer.

36. A device as recited in claim 32, wherein the substrate has a refractive
index in the range from approximately 1.3 — approximately 1.8, the dielectric reflector
includes at least one layer having a refractive index in the range from approximately
1.8 -2.3.

37. A device as recited in claim 36, wherein the surface of the dielectric
reflector facing away from the substrate interfaces with a medium having a refractive

index in the range from 1 to approximately 1.8.
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pl anarization |ayer is substantially the sane as the
refractive i ndex of the substrate. 39. A device as
WO euneased n claim 1, wherein the structured di BCBUSI006012866
reflector includes a plurality of dielectric |ayers
having alternating | ow and high refractive index. 40.
A device as recited in claim1l, wherein the structured
di eB8ct r pcdavatd as raditedi inaialge32 avipdreirathd nefielctive index of the
dielectric | ayers whose optical thick esses are fob
plapagzatiare seer lwhst@mt@élyakl SABCRRHIeTECie fdexeldge substrate.
wavel ength. 41. A device as recited in clai m 1,

wherein the at |east one |light nmanagenent fil
i ncB8desAadgvies os peeitegdnictaim §. wh@r@@ath%ﬁr%w&@le'edﬂc reflector

incgﬂé n&fFRﬁaI tk é)mgléggc\étgﬁ %{?@ﬁg?p%?ﬁaﬁr{bo%ﬁ Li&high refractive

indexi ght ness enhancing filmhaving ribs oriented in a
second direction perpendicular to the first
direction. 42. A device as recited in claim1, further

COMROI Si podévicns ﬁ’@d;itednhtcl@ﬁuplwﬁerelimth&gtrmki;taréchdlelﬂﬁtmc reflector
to control an ipmage displayed on the display unit

inchidaseampuralty iof diiealie é@)/ecﬂ%wmée oniieal thigkngsses agt Bt {odd integer
m%@ggééb o Blfg)ée}gytéd VI ewi ng side and a

astructure tra Iector di sposed to
the backsi de of the col or displ ay unit, the

st r grur gd %\{}?«%ég g&‘:‘i{ %‘yln ORI 4 SR8kl ﬁlie( éff:lte%{egne light

sub rat ruc ured surface

maﬂ'la@leﬂiémlfmnm&md& arfieét pﬁiﬁrﬂﬂitldﬁllymbfbed bﬂghihess enhancmg film
structured surface; wherein anbi ent

hayiRg ripssyieqed i a fﬁtdjjq%;ggn Qngreseeqyi pn agc%war ed %rlghtness
[
enﬁ%@g@b lflﬁgh@vg‘n\gfﬁsaéﬁég't%fﬂﬁ %dsé&'o?@ﬁ Ifeg;ﬁiBg &bdrﬁéﬁcﬁﬁlﬁlér to the first
dirsctioroundi ng the glare direction. 36 WO 2004/ 099869
PCT/ US2004/ 012866 44. A device as recited in claim
43, wherein the dielectric partial reflector has a

trangn sy gavicd ab heciterhigeclaitn 70%’Ehe9@%np45mgﬁa dewtroleunit coupled
as recited in claim43, wherein tJ1e ragsmls& v?
to thesgisakpyuit toj gontrol an image displayed on the display uni

43. A transflective display device, comprising:

a color transmissive display unit having a viewing side and a back side;
and

a structured transflector disposed to the backside of the color display
unit, the structured transflector comprising a structured substrate having a
structured surface and a dielectric partial reflector disposed on the structured
surface;

wherein ambient light incident on the display unit produces glare light in
a glare direction and the structured transflector reflects image light over a
range of direction substantially surrounding the glare direction.

36



aliquid crystal display unit. 46. A device as recited
in claim43, further conprising a backlight unit to
w@emengased backl i ght, the structured transfiectPCT/US2004/012866
di sposed between the color display wunit and the
backl i ght unit, the backlight passing through the
structured transflector to the color display unit.
47. 44 depi £&i@sas ?@élfe%i%'dlmﬁim rWH&em/\'ﬂ'fér @ibfédﬁbei)artial reflector
backl i ght unit conprises a t source and at | east
hag adrarisghissionnadkereange ofl A %i- Q&%@ed bet ween the |ight
source and the structured transflector. 48. A device
as recited in claim47, wherein the at |east one |ight
mané@,e meAtdehviidaras neditedds claif 43 twiperesmtite tamsmissiviebdsplay unit is
ri ghtne hancing film having ribs oriented in a
a “ﬂP\ds?"Y%ﬁafé@Pr nu'HLd a second prismatically ribbed,
bri ght ness enhancing fil m having ri bs oriented in a
sec di recti on per.pendi cul a he first. . .
i r 36t i o demee 3o BeyTRen dtida. BiheF oambiingea backignt unitto
geMbiaEe chlkIlg%"t‘tthfers‘ﬁmcH}@d hapishieabr d%%%@é behRéén ttl’|i1§coI0r display

structured transflector in an input direction and
um;b apddie cbat:klcghtmm the backlighbtipassing diroegh dhe struatured transflector to
" Iec{! sub tantially parallel to the input (
eqqqgr 'ISB A device as recited in claim 43,
wherein the diel ectric parti al reflector defines

o Ty el BTG oh  Bhores
IlgH’c%‘ouPc% BRA G faHsAonkq Ugﬁ bﬁé?1 i o odleRybatiticen 1B light
WO 2004/ 099869 PCT/ 004/ 2866 51. devi ce as

soureeianedthierstedchined3cgnsfieetosi n the dielectric reflector
rconprises a reflecting surface having reflecting
portions set at a range of angles about a position
per p&ndi Audevice as rbetatoinrabdint @7,leeendaiirsthea@rt least onéghtA
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dlrgc':tfoS' ng particles.

49. A device as recited in claim 46, wherein light from the backlight passes
into the structured transflector in an input direction and passes out of the structured

transflector in a direction substantially parallel to the input direction.

50. A device as recited in claim 43, wherein the dielectric partial reflector
defines reflecting portions that are perpendicular to a normal to the display unit and

reflecting portions that are not perpendicular to a normal to the display unit.
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54. A device as recited in claimb52, wherein the
pl anari zation |layer is an adhesive |ayer adhering the
W@ eomoassed transflector to the transm ssive dPGPIS2004/012866
unit. 55. A device as recited in claiml, further
conprising a diffuser disposed between the structured
transflector and the transm ssive display unit. 56. A
devige ap de@iﬂeté’ﬁréd%e@hﬁ'clﬁlﬂw%o WiesreimthenfeRiciritciefieetbr
reflector conprises a plural |ty of reflective units,
corspbses afefeatingesurface hevting reflesting eortians set atgorangera angles
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relatively lowrefractive index and the dielectric

facing thedransenipaive sfisplayrighitses a singl e | ayer of
relatively high refractive index material disposed on
the structured surface of the substrate. 38 WD
20033.0998 6B ViRETAL ISR/ i0 TEEHES2, 38 erainde Rlgnadzation lager includes
d'ffj cl aasrﬁw 43, wherein the partial reflector |ayer
' 88W}9r9 @ 3 plurality of dielectric |ayers of
alternating rel ativel y I ow and rel ativel y hi gh

' ef Ct | %{\ng g;%g%(%ga(ql eg |p IF‘IS%.' r eC| ecehanarlzeﬂlon lagér is an
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quarter of ected wavel ength. 60. A device as
recited in cI a| m 43, further conprising a

pl a?gr ' Zﬂtdé?ﬁbé ésy ?écnte@!"iﬁrclélﬁﬁ q’UﬁhéF&éthnQﬁibté alffuser disposed

reflector. device as recited in clfaim®6
betweendhe sltnmetureﬂrtaatrtsfleetqrmdﬂheﬁranhmlsqjmdmplayaumlbn
| ayer is substantially the same as the refractive
i ndex of the substrate. 62. A device as recited in
cl abfn 43A ddvioeeas rdsdltedsu toﬂ;amact(%g Wizarein thef staattunes riefidetor

|nther fro FOXI tely 1.3.to approxinatel
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from “appr oxi mat
reflector, and the display un|t defines plcture elements, each picture element of the

display unit being disposed over a set of more than one reflective unit.

57. A device as recited in claim 43, wherein the substrate has a relatively
low refractive index and the dielectric partial reflector comprises a single layer of
relatively high refractive index material disposed on the structured surface of the

substrate.
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63. A device as recited in 62, wherein the surface of

the dielectric partial reflector facing away fromthe
wareorssed surface of the substrate interfaceBCTMIBINO&012866

medi um having a refractive index in the range from1l

to approximately 1.8. 64. A device as recited in claim

43, further conprising a control unit coupled to the

di spgay Nddvndeoa§ pavditied! in i @R avickramM theeshraal idflector layer
di splay unit.
comprises a plurality of dlelectrlc layers of alternating relatively low and relatively

high refractive index.

59. A device as recited in claim 58, wherein the dielectric layers have
optical thicknesses that are not odd integer multiples of one quarter of a selected

wavelength.

60. A device as recited in claim 43, further comprising a planarization layer

over the dielectric partial reflector.

61. A device as recited in claim 60, wherein the refractive index of the

planarization layer is substantially the same as the refractive index of the substrate.

62. A device as recited in claim 43, wherein the substrate has a refractive
index in the range from approximately 1.3 to approximately 1.8, and the dielectric
partial reflector includes at least one layer having a refractive index in the range from

approximately 1.8 — 2.3.

63. A device as recited in 62, wherein the surface of the dielectric partial
reflector facing away from the structured surface of the substrate interfaces with a

medium having a refractive index in the range from 1 to approximately 1.8.

64. A device as recited in claim 43, further comprising a control unit
coupled to the display unit to control an image displayed on the display unit.
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