; 1"e3e<667L99f <6<T<nWO 001 04418 =. ~ " J ~ NS9~~~~2 REFLECTI VE' OPTI CAL
POLARI ZER DEVI CE WTH CONTROLLED . ,, , , ~, , , ~ . ' LIGHT 'DI STRI BUTI ON
AND- LI QUI D CRYS'(,@;_WRI“&ELAY | NCORPORATI NG THE SAME 5 ‘BACKGRCIJNWS -

I NVENTION 1. Field O e lnvention . The present invention, net st a.
diffuse . and. a non-specularly reflective polarizer device, *p#fti'c ly -
wel | suited for |iquiREFLECTEVE OPTRCAL POLMREZER DEVICEAWITH CONTROISEED

invention relates to a polarizer device with alalpt?ural ity of thin, elongated
10 ol ements for (i) trandPiGHTRESTRINTIONAND QUULCRYSTAL DISPIAY
orientation perpendicular to the ellgmm@fhélf%Egnggctl ng.light having
a second pol arization orientation petal lel wth the elenents, and wherein
t he el ongated el enents each have an exposed surface which together define a
textured surface for reflecting i i } di ffuse
manner, or insaa non- specul ar manhggﬁﬁﬂggggg?{ﬁ%g&gﬁﬂygpgnce pl ane. 15
2. Prior Art , A typi calFieldpfds Inveysdnal di spl ay device conprises a; |ayer.
of liquid crystal material sandwi ched bet ween frant and back transpagent

pl ates. Transparent el ecﬁeoa‘@%enbp’é{e’ft’é’eaf?é Sg?l atwg&f% -awp#g&cg@&w{l%ﬁw
lt_raRtSp?r ent plates ablrizes ?@iéec)pa@cmaf tlamy l@)_eﬂﬁ_tifgﬂfc&|liq§id?r}jiiagﬂi§;515}{l_s‘r1]\ﬁlﬂl?9 patimarlyt,the
ig ransm ssi on properties Q e liquid, crystal ]ayer. e transpare

el ectrodes are typi &g H‘?ﬁe’btdf“(eé‘?‘?fbﬁpafeé tQ& polarizer Hevies YY%IPXQI‘F%}H"Y L?rf @“’_@)f"?‘g‘ﬁ@eg
di splay devige. The cRpehtStdrs) tramchitiRSight BAVIRY Y HirstiSubatizA@dBrithtatibAlpérferdlcBt al
display utilizes the well-known "tw sted nematic™ liquid crystal effect.
The twisted nemati c tathe dements amd () rpflestieglighthayingasecond poleizetipmorisniatipn pasllel
s LA O LWl i, AR e BloRRALPILESRONER MY SR surtace

conpatible with current. drive ¢ircuit techno e viewng a ,
good gray-scal e rendhichapgethen defirtevii tsxtextd menfacei for teflgeting the yewbnd pdakzstiay in ¢ he

di spl ay sandw ch al %ch.ui ncl udeesrl i near %oh{ari zer%v.tﬁfgi écgﬂo Lo érgl%eo%gr
surfaces of the froft and Dack fnraarf?grfg e n%?‘éefeé 3°%8 daﬁgw ng PoY ‘hogonal
axes of pol argzation. The liquid crystal |ayer is designed such that the
pol ari zati on vector ,of I'ght transmtted through the layer is rotated 90
degrees in the abseffce o? %Mppl ied electric field, but not rotated in the
presence of an electric Al §pial [kiSerystal di BSEOC Soririsad a By Lof i iguid @Y stal
the light transnitted t.hroﬁbh. o?nag g V\D%%%MI 8 -ZlQ;PCT/ USQ%?-?&%X f%
JA~J 2003 pol ari zes maéef&ab%m?\élﬁheééetweerrf&mémdM@GmSnaF@t ptes Shrarsparsntslectedes

such that the panel p i 681 tridd]
t he presence of an gte@géaﬁ?{lﬁ 18?%?%@: S?E%eﬁ}gﬁf&f&rs nbg%'b}a{ég%n{l)?@egﬁgﬁg%?/glﬁlc zles
is not rotat2® and isignalkohidhl abiertbel ligly ttahsmissieroprdpeyti¢ssefitheliquidierystal lgerp dive|
i S opaque and appear i L ;

el ectrodes can be ,ust%‘a& gh%%%fré&gﬁ\eéb&ﬁgy?%t{eéfn%gkots%ﬁggﬁgé{xg a?%uéegd}gg%gsﬁg&
panel to create a vidsvitkd.e inage in the formof |ight and dark pixels. In

many applications, the liguid.crystal display devuice is.il]um.nate ”
Iig%t ggur ce | ocated beh?ﬂapﬁeﬁ§e¥%‘5ﬁm%*?&°§%8?‘}i¥ Heed %9@& 'Aa?{&ﬂgli Jé%ﬁ/gadq%/lp%r%
the Oppoﬁ i ng ﬁ i dﬁ' Ithe Wfli-ﬁn@@ﬁﬁrf&ﬂ@@g&thzﬁie’bli@iﬂo eBgal éffect rqamt@tktdaynelmagmffdchiat
asses through the pane si ngl e tine.' wever, in sone i cagtions,
I[s)uch as portg%l e co%ﬁ%ﬁ@g'?qcﬂﬁg“é’&éisﬁﬁ%ﬁ%‘}t %W%}eerb&voq{g'enﬁp‘(ﬁ@gew a sharp
critical and the di spjpaiseitfireiold/dBnpARRE withi FBEAt diveYeirdBib keRholbyg Wide Viwingi S
case, a reflective element is |ocated behind the liquid crystal sandw ch
such that the anbi erfhgleiagdgoprhgrawscaleenslition. t he sandwi ch, reflects fromthe

reflective el erent, and 3 :ﬁ%’!aﬁ t:hroaugh ek i BP RSt

direction to the viewer. Bﬁﬁvgﬁ% e °?‘@g§9g8fe&r}§%§epﬁ\é&‘@p¥ﬁg?&‘?i§h gdr?fr?rle%‘g%y
| i ght whi ch has pasdndartpolaniuerh affiied toitlpuoutkr curfaces bf die fionteantwiacletranEpayent plates
problens with current anbient-illum nated twst enptic Liquid crystal

Glevi ces rel at 1o i Paee phiseonalier ppiarzatan o herdR s S e b Bt e
The nost si gni fi cantthdERPoRimizatidavEdbd of lifiRtahdsitted hragh tHRaawr ifvstatedDOWegrEes
because the reflector is 2 0 |ocated behind the rear transparent plate and

the rear |inear pol dpfheabseage of ap applicdielpeing feld, but notaetated snthe Resserce of ap electric
crystal layer. The aufj efhud igit ShES bitth LBGrCIERR] Ae fight SRALhMel ¥hrough
nodul ated by the liquid crlglétla Iaayer tog} or mna pat’teer rxlghof i ghte angugda?nli3
areas where the light inpinges upon the rear reflector. After reflection,
the |light passes through the liquid crystal device in the reverse direction

nor et IR
boBisE

| B o oS e oS A
di splay sug 6?'%?gge

he i mages fornmed by the two passes through th(gl
sandwi ch generally do not overlap, and a double inmage, or shadow

seen by the viewer under nost conditions. Although the shadow i mage is
currently accepted for |ow resolution displays such as those used in

T I o o oy - ~ o~ . o e,

is



r' ° WD 00/04418 . ~PCT(,US99/16132 ' ' , ~ ~,1~"A N 2~~~ -3 "~t; An:
additional problemw th current anbient illum nated,tw isted nematl c liquid
crystal displays W30%H#8addi tional |oss of brightness that o %ﬂ?
absorption in the linear polarizers. Note that this would notfb.d
with theoretical polarizers that transmt 100%of one polarization while -
absorbi ng 100% of the orthogonal polarization. 5 However, current |inear

pol ari zers only trarpamlﬁer?w%oﬂémk@&spa@i t}ﬁmhnnees oﬁlﬁgj platizk sdchtth@nhe FaAel is
addi tional absorption during 'the second Ss [o the | | quid crfg{aﬁit'it

sandwi ch results in tranqpa%twaapearsewt tgél% e"f’?fe rpwgg;eﬁﬂneeeﬁ @ﬁieagvlc

bri ghtness. Al ter nagn"idliRA%ed GV éneJRBRIEF Q%??&at&@arﬁl' i @Bd@acﬁ@ckw@y RR8dondX
problemin anbient il'Tumnated t'wi st'ed nematic uird crystal displays. One
met hod, as descri bed:olaownThnsShe maclemmqnc mgpm éa:rkdo the y®wer J0}his ngannen, e
utilize an al ternat

requires a po%an ze‘r% 0 g%jeﬁgelgrtt\érﬁiés can ES%M%‘PE’R& les?% caf;c 1ds %&eé@?%re? Af){hepanel
pol ari zer is not reqolcneadavlsﬁtﬂerméurthéfcﬁfﬁtofmghmdldaklpbe&t ed on the i nner

surface of the rear transparent Ia,telnj roximty.to.the li
crysial Layer. winie i L MEO R ERoR, it disey dovios b inated bt piiElye
using this method dQoied lodtedbeBitdde: b4t @idebfihe SR8 vIcASAd vnléwdﬁ’rdﬁh fvbpdsiapgie,
fast ~ response, and smooth gray scale renditi OF@FWVI ded tw sted

nematic |iquid crystiBfiggasehgyvishleimags is agated by light thatpassss nghéhetmdm%er
Di spersed Ligqyid Cr I

itself funct ?gns as%gﬁ%\ﬂ(’? Sz‘g 1ﬂ¥0rﬁéadﬂ:@atlbgs %hg%oﬁ?ﬂe &d”ne neeag‘B s%hﬁmeﬁM%
pol ari zers or a sepanoserconsdrpipndscritivyahdthe Hxsslamummnasﬁmmﬂhb' amdtentlight|
for 2 0 high displa ( L8 r|v Vi d
conpl ex drive wavef glr%s 'f%ﬁ%si{g ?%lsregt";r?c? eme%%l cg%ﬁlgevﬁ(%‘fg @@, PR 3?‘?‘1\)’%@}%&&0@&
t echnol ogy. G ven thbsantﬁemhgbtnﬁsswttﬂ'ouglhthesmuharereﬂeuﬁfmﬂxthgrce‘fectmetelemnﬂ ahdbe

an advancenent in the art to_ devel op t echn ch, ret ns .t he
Advant ages of the t WFSEBEaTL IR e el Ry BY abSne Airgbn g ff viekeh °HilS vl
elimnating tBe par gldagesepr BPtheiewerdbforn&d byPidhe Which h&3RBss8@through id¢iguit Grystal
G i nberg, proposes to I rrFrove anbient illumnated tw sted nematic Iiquid
crystal displays by 4eHE®IW8s-ating a wire grid reflective polarizer within
the twisted nematic I1quide it witlfitheft anflieniiiinglbd ShiddiiRhlaRE Rod oA
rear polarizer, ecul reflector, and as the rear electri cal cont act
to the liquid cr yst adevices talate Whitiecfagtthas th@pgkﬂa@ahsesldggugl thq:rdcmeetmm The most

paral l ax by virtue G

with the liquid cr ys%%ﬂ%ﬁ‘i%{/&%blg ﬁ%ﬁmf I%E‘en $§S er 13 %){]hdﬁmnrgﬁ&tagﬁeq%}%ﬁﬁoﬁm
attractive features lo¢atddtehinditiet reat tmesmtantpldtempdﬂ:y:réaylmm pajarizes gacahsiderable
rather than a diffus 99/ 1

2003 1t has Tong becHPisE Sgm T4 En a0 AiE ApbiPusiebishing e fpiey fspdial
acceptable in anrblh eﬂhoddldtdlzmbyl’tﬁé E@Iﬂ txgstalga%i ’_t(ﬁlbﬁixaﬁdt&ﬁi oamghtfaﬁd ddrbaress wherelthe
reasons. First, the specularly reflected display i|nnge e vie

the same axis as the“gglb!éﬁﬂf‘&qs upes theteardpllectitad fé&&‘iﬂ“ﬂ?&t ngpaﬁeﬁ)%?‘f@ the
front surface and i nﬁq%i staiuwl@efiﬁﬁle?éveisbelreanéﬂws %@y ﬁhymmﬁaed Howeyer,
surface refl ections are ati al nodul ated to form an i nage)
may be 5% or 2fore ofsquéhq @mlwenpomagmllur@e@ta@w igwedieobigye ppelesorithgespeds &

pol arizing el enents,y

more than 40% of the %Eg{ﬁggnt ngnt%'r Il"ﬂ?’%us th ée)gnﬁﬁgl rﬁ%§%(g)g%? e cocﬁlltrast ARG
ratio for the displ agpnemllﬂd%‘na%vmiap&rmadmxblmaygcber shaddw Ineage, is Swu by the vielver
vi ewi ng angl e and brjgh [ ecul e

determ ned strictly %n% {%%gtl ﬁogdlr%gnat ?‘gir‘]g&/(})lmlé hl.la% Ror ng%lr%p ugr’ en| %ﬁcgﬁ'%dﬁ{é“ R
per f ormance of the dnescﬂdxt&m displays biehagsc pta kel lmﬁﬁtabﬂ:i f)lidmse ahdiceltulators, this
illum nation, the view ng ang] e ywuld be extrengl rrall ated

by a poi nt sGd ce, aﬁl? 'ﬂ%“%‘ﬁ"&ﬂ%% IEelutie. qgind RAiS‘iJIF‘&el? a‘B{%‘ﬂf ipated
capacity of the hunegyistédnénlatis M&dli@ety whlRRspYdyS W ﬂémthéﬂﬂabﬁmau&mbto@b&s which
Third, displays with specular reflectors commnf have obj ecti onabl e

col or fringes causedreguirg Me@w@n@h@ed%wé@al%éumﬁ lapporcomftestt i ons

wi thin the device. For these reasons, the above proposal, while noving the
pol arizes and reflector into the I.i qui d crystal cell to eI i mnate

t he. probl em of parallax, does not provide an inproved anbient-illum nated
liquid crystal display device. Thus, there still exists a need for a
substantially inproved anbient-illum nated display that 2 0 overcones the

paral | ax probl em while maintaining the performance advantages of the
twisted nematic liquid crystal effect. Therefore, it would be advant ageous
to develop a liquid crystal display device with reduced parallax, or a

poI ar| zes device capabl e of redu0| ng or eI | m nat| 'ng par aI I ax. It would al so

e v o



It is an . object of the ~ present invention to ~~provide a polarizes
device for 3 0 separating 'a source |light .beaminto two orthogonally. .
pol ari zed conponwotgapqspge of whi'ch:is either absorbed or transpgmussshemad:. - -
the other of which is diffusely reflected over a controlle@ ng%ﬁr (@hge,
or reflected in a non-specul ar manner " WD 00104418 , ~ ', =PCI/US99/ 16132

) -~ JrN- ~DO~ ~. . , -5, ., ~. ..., re- s another object . of the
presen t ° invention to ';prom:era-an,jnproved ' ambient-ill.um nated .
liquid crystal di spl ay*daAddibionalpr &"}"8&}&‘"&@9@"\5’&1‘{ | a@dﬁﬂé‘ﬁ%ﬁ“@"&ﬂ‘i‘ﬁd
exi sting drive Cir Gt displagdls BRRAHAiBSal 1036 S GHRRREYSs Wk BekulsTdBE (oQbsorptidA irftht ax
effects and ghost inages, and controlled viewng angle: ~ ~~ 5 These end

e:
ot her objects and dibganpolagiaers.diote fhat hisaenai not branieblen wathéhepreticgl pelgyizess that
pol ari zer devi ce hayji.ng: d I ' b D

el ongat ed el enent nggggy glt ad\j/?é\%hgﬁélael%%s eg g‘ér fameg ‘\?ﬁf’)"c%h?gg‘té‘%éﬁ@ P 4l%irzrgnnoa{l '
textwed swfage. Thelawevanguurentt lindar globwigers onlys traisspo 964 omleas o6 direc preferrgét

.beamfor (i) transmtting l.,ght. havinhg a polarization orien ' -
sor pand cut a1 o« raafi, DR UadiBbr s BoRRt Blrnf bt BB bR uRbleRTne tiguid

pol ari zati on ori entaysta Sarjdavichl resilts Wi 4 losd dfat rhee 08X o the possible display bightgser i ty
of the arrangenent of elaﬁngat edﬁﬁlﬁ nents share a, conman g nera‘ oriﬁnt ation
with a reference plane AHERICH haye beerprapossq o-sligninale e Rersliperrplem 1 o

the reference pl anembléiRilRxBRSQUWEKHIRMEE Rfuid Rt HRPBY. Dnd @it asfdddbrbi ty
of conponent surfaces which defi-ne the textured surface. Therefore, the

plwal ity of *Phe 15 iBdAgoRaatts 4492483 apd 3 1Q.3d8xis e anlilize ap plternatg diquid crystad t

light of one pol arig&ibQpticdl Cifettthdt dily feliSifes BidRizer & thetrokPLHILHIABNRS -

. . . The conponent surfaces each havé a conponent axis normal with respect

to the conmponent su¥inegcthe rear palfiriser isynoprequied, themeso meflectos eanfbedeested op thedaner

copl anar or parall ot I PG ned] ANe ces
P P Surtiteldt tﬁen'tg rtx%L%fa?eﬂP 2t e&l@f_ﬂﬁ )él&{ﬂt? t&fﬁmﬂglﬂﬁ Elgstaqz{yfefa.

have different elevations w respect to ve ne Ight’. A
majority of the conybilkethis metlaxl ehifnindies thopapallas ptobleuy; fdisplays Gsing thia methaddenad f

di ff.erent angles wth.re ct to. the comon reference angle.. A plwality of
t he corrpone%? swf a éQVIQe ﬁ'g\%gthacﬁngi’sév‘ﬁ %H‘e&él}g( arngﬁ, %t%tfrlc?ﬁ(’ﬂ%’ gndp%%q%lhaﬁ{?f' %?Xle

| ower ed portion defremditigh mrovidéd leytwistathentatiofiquie oiystaldispley desigesa Si ze or

di anet er between oppositge.,sides of the .c onent surface. The dia y
2 5 be taken parallel wi%?‘HaP erépﬁhﬁgfgﬁ%ré})yé’?‘f’é Sg?rsﬁgﬁﬁP‘SIqW%PlngP(;ﬁﬁLéga
textured surface i sinfwhidiHe Ryhi€ efyR@NEM: iGEIF fimEtesns W & BifflbRRERIrSeliddinating the

di stances greater than_the wavel ength of visible or near visi ble |j ght. The

exposed surfaces ofteehEr@plHgas ep Spaaeteleciors /e thismethod pHiers the peteptiph for

whi ch may bgowavy. HEBedMRMY bRERASSSHE PDUEC ARYird hidhCddRMoftadhs ahd &b drive! N
addition, 3 o the wavy cross section may be defined by curved surfaces or
pl anar surfaces. THeavefoss that yoneicempaiElle with umnat drive carcyit igetatology. Given these

i ndent at i ' | - :
| ndentations or prolhishO W J%ﬁgﬂ(l@tterclﬁdlgﬁés Wv%? 88%8}?@9%&%%‘% art to

Similarly, the indentations may be concave of
PCTNS99116132 - 2 JdvelopadiSplay tacteology whichadtains theadvameges ef thetyisddaemhtinliguid

substrate upon whi Cprys&ﬁ ?ecﬁxrlglggnygv%ﬂﬁenélixﬁgating the parallax problem.

25 U.S. Patent 4,688,897, issued to Grinberg, proposes to improve ambient

illuminated twisted nematic liquid crystal displays by inéorporating a wire grid
reflective polarizer within the twisted nematic liquid crystal device. The wire grid
functions as the rear polarizer, as a specular reflector, and as the rear electrical contact
to the liquid crystal layer. While this approach does eliminate the parallax by virtue of
30 having the rear reflector in intimate contact with the liquid crystal layer, it does so by
sacrificing many of the other attractive features of the twisted nematic display by using

a specular, rather than a diffuse, reflector.



el enent.s i s disposed. The substrate nay have a surface which is textured,
formng a correspondi ng textured surface for the exposed surfaces of the

el enents. 5 Alter@OMM418y o majority of the axes of the conpoREHVS¥(I6Pces
may have a simlar orientation with respect to the referencg ‘JANW(?
different angular value fromthe reference axihs to reflect |igh

second pol arization in-a non-specular manner with respect to the reference
pl ane. The, pol ari zer devnﬁ@slaﬁgbeémwghmdmlaaﬁecammﬁa@orqg Jofwb%sptmélheﬁbi@ﬁt
behind the 10 liquid crystal nmaterial. In addition, ol ari zer device
may provide el ectri dluminaied lewid cryptalodisniayisifemtheen reagons| Fp@f dha sperulyiyaredectedy
function as an el ec i

crystal material. E{sgﬁg x{ﬁﬁqty 0 erée%c}?lﬁ %‘Lgargagnggg éQ)e %r??ll?egfé gilﬂakz%{lfed
to segnents of the aammﬂ,ﬁrmrﬁefrbnteshrfmmhéuﬂma&wfmacdmh}aquaﬂay sahdyach. i Thebe
contact. , 1 ot her,.qbj ect s atu vant ages, an 0

o Ternat i ve spect s WTaee Feepons Sl A g S nd e S TR B PR b et e
skilled in the art. mid¢vfahe dikientdipht. i Botause of the Bssoiptioh bDiNe pglatigihgtlemehts, the

e Ptk BRSP4 Mo 1 SCCOTPRNLN, B PR

typical ambient-il | uight)gheekht WagitvRch foS4EE b&txhét?dﬁo(io&lié’di dy i64OMI5e/ordel
of the type currently used in portable equi prent. i's a_diagram,

showi ng schemat i cal IMaYtasempehalges. sYesonshyths: vVieying prals a@%hltlglxs@éw%a.dﬁplay itk & al
anbi ent -i |1 upg nated SR E’c*—Eu‘iI: ]rnﬁid 2 iis a
cross sectional vi em})ég}lﬁgﬁﬁf%w d Eﬁ/@%la ﬂgb?'mtﬁi ewa?léﬁ%grl;og?ga%ﬁeg%g ¢
wire grid polarizer tmerf@mmfghe(dﬁlﬂ@ miphttbe mm@&&dsgﬁl)’fuseﬁn@lorﬂlurmnawn

di agram show ng sch I | s crvs ay
devi ce incorporati ngﬁg\;lesvggé %é wgul %E %mgﬁnél ‘@lﬁnﬁl ag"]lgerdg)]HJ éégct? ourgéa?n%
view of a diffuse r afid®eighinag qﬁdicafsplagmuld ba beyondithe capadityoofithd Huniah @ispal afsteni ed
enbodi ment of this inventio SB |,.a i ew,

e ecting pol ari yerHenises mer diectantighe miigr Gynavs S avebut ofors poramirdy
invention. 1% . , 'haveobjdctiddabRQblOHiAgestausedbyfhtértirélide Béwesirthemuitiple refleddons
2~?~13 ,. FIG 6 is across sectiaonal %1 ew-of~a |iquid' crystaldisplay;

devi ce' ntor por at i ng Withinythe devigge Far theseqeasprss the 8bavs propesabrwhileqnoving the polarizer
accordance': w th angj gﬁcp{, ,
FIG 7 is a di agram shgk\?‘\n%ﬁgﬁ?%ﬁg a?ftal%ﬁteo'éﬁg {gé%@? roblep r‘ﬁaraniix’ des ot
crystal 5 display devevide anisprqyed anblnlg-lummnatrednhemd etylsfebdlsnlay devxceFlllaus sbpre S
a perspective view I e t, b
s a porspect i ve. vi o G Bl for 4E HysEnfity iBpdVel MiBlenl KGOS ok e
9a is a perspective avexeumesfthapqmlaaprobmm wlleilel nozdtaihing Iﬂ&narfenmmbe advargages ofthe
FIG 9b is a perspe(i Vi ewg (ggg(gl aﬁlv%es devi ce of the present
invention. 1 o FIG ‘i’& é‘elga% cﬂ"b ﬁ}é ¥few of a pol ari zes devi ce of the
pL esent invention. FIG Tlaeﬂefor@1twumﬂvmwdu§%s@°velap @gl{lﬁg:lc@@til @Ismayc@vmg\l
the present invention, ED DE I THE | NVENTI

Ref erence will now a@ﬂwﬁ%#wﬂhéoaw%ﬂg&vwemﬁ rHRACAPS o T REAN of

tlﬁ the pr tesent i nvent wfldvildd bdsivahiiSRdud WBS ks a &ﬂ@riﬁf‘&éﬁ&n@ap%lél of Qiffddigh
e invention
25

reflecting light. It would also be advantageous to develop a polarizer device capable of

reflecting one polarization in a non-specular manner..

OBJECTS AND SUMMARY OF THE INVENTION
It is an.object of the present invention to-provide a polarizer device for
30 separating ‘a source light beam into two orthogonally. polarized components, one of
whichiis eithet absorbed or transmitted and the other of which is diffusely reflected over

a controlled angular range, or reflected in a non-specular manner -



will be discussed so as to enable one skilled in the art to make and use
the invention. In order to illustrate the features of the invention,

will be describedyypddisgesrect to an inproved anbient illum na{,@gu 43)’1 13
reflective, twisted nematic liquid crystal di spI ay. Howeverg B ﬁﬁaoma
apparent' from a readi ng of the specification, the 2 o inventi

nmeans |limted to use with such a display. FI(§ 1 is a cross sectlonal
schematic of a conventional reflective twisted nerfatic |i qui d crystal

di spl ay 10. The di spl ay It ds coather obigetoef the| prgsent m\feymralto uuywe pp improved
sandw ched between

sandu ched bet veen, bbb ABORMAR RIS kA A RISEEAARISARA:
el ectrodes, 14 and with e:esimedtxwetc;a;ts &jigbostittaacﬂligmrestbietnorsﬁnerdqmaﬂfax tffectarg
plate 12 or 13 adjachent t he UId st al terlal 11. A first polarizes

16 is positioned be%v\étlﬂlagﬁem}d Pgtf‘)l%fi ?‘glnﬁla%% 12 'and a Ilght Source 19. A
second pol ariszes 17 is pﬂtesdandlﬁ&ﬂrdlﬁd&tsmddidvmm@soflﬂegﬂem&npémioﬁafc&c:almarﬂma

di ffuse reflector 18 is .posjtioped behing.the second arize '
that Fig. 1 is not $8° éfewpfn png Pé’ﬁ‘l’*ﬁ‘r‘l arapgenept e&gé’i@ﬂm of ném Flaa%aaed
crystal 3 0 layer ldea8fs éa@ﬁhéﬁx@%&%&éﬁsuﬁﬁ&%ﬂ&ﬁfcﬂ%f&ﬂ% téém@@kiﬁfab@efhe

greatly exaggerated for clarity.” The typical actu t hi ckness of the
transparent plates amngeient of ¢lementsistdispased img squroedight beamior (i) transwrittiog light

the liquid crystal ﬂaa%}’n% glp%i’angﬁgagzﬁ&t&tfoﬁg&g&@@%: RIEEHLRHS: and (Weﬁ@ét%ﬂﬁt

8 14 and 15 are typi mm an mm r espec
PCT/ US99/ 16132 - 2 ﬂa&(MgZ(m&nB@tiwmribatMcmpamBathedémem surf"aces of the

transparent plates 12 an u rystal t

11 can be nmade to align %arjabﬁhltyﬁé%aﬁé n£‘e§r f(a%coélgg?d?lﬁ'gg’{tsf h[%rey PHEN %‘Jaand
in a preferred di remndnmnonwlthardfmm:te@linafmﬁmtcmmdoncnferelncelaxxshadmaﬂiwtthsq:sba:yto
the transparent plate 2 and 13 e oriented suc t the referre
direction of the |Iéﬁ eEepsrs plage- o?ﬁ‘? ﬁépqs?‘fﬁrgﬁ Sat thif el“?nﬁr &n%”“a?g the
orientation of the ¢dniHonéhtGhirfebalvhiomddfine theeskanel skt n@ref&bltﬁe Slafalitit ¢fitheon
causes the tw sted effect in_the "ﬂwd crystal Mlal Ln its re| axed

state. This ffect FUnREEHsyhises affhertestyedyifaqegach refiget light otonepelagpgiion, but i

The first polari zesag@mg&ngﬁkpg;ﬁq,ag&{ggnélggat it transmts |light. with the
direction of polarization oriented paralTel to the liquid l’gg%stal nol ecul es

at the surface of the fiThscompenesisarfageseagh bave aeampanget axis sorsat withirespacatoithees

17 is oriented SUChO%K}%hgdt%u&chnﬁg:}agr It%bigﬂé é)mpt)nentt E.gfag |24 1'104@6 F] gxla%a?ﬁfel on

ort hogonal to that I rst I'nt sence I ed
vol tage, the |iqui dwih ;lstrdbremtp@mal‘hussm ¢onipogent edr&mcma%dl;ffe@nmleratiom \gﬂt
transmtted hroughthe i rst enters q S

11. The twist in th BB & gnfué ffgg mﬁaﬁshef%%qw d ar‘%fl Fﬁlm fgmg% l)s(t %’%ﬁsogs % he
pol ari zati on vect or camipohbre suifgdes fortn 4 @dngé of BiffeRit ehgi¢sewith asspédiao fthegédmmon

passes through the li.quid crystal |ayer 11, such that th | i ght, exits t.he
liquid crystal | ayeFefecllimﬁnaPﬁle HSPHB‘%\Y '02(%1‘1 €} SRPOREN SPrf‘?fF? %‘ %lquteéi(tqﬂ?rb

to pass through thedgRipheRROhRl d 16&8rell portivd definiighl vaBey. fﬁa&lﬁ)éﬁﬁpdhant shifecelhaght
2 0reflects fromthe. reflector 18, and passes back through the polarizers

16 and 17 and | i qui &siasSrgiametar hohaeemopposite sides of thpepmponsatiurfacs: The diameter pay
effect. Thusgwth 99% V\;ézﬁ‘zgfel R thongafds egh'éﬁ’tL‘ anw tﬂggﬁ@ro? tl}ibrfeﬁmed surfyyé% '

a voltage is-applied en the transparent el ectrodes 14 and
formeq by component surfaces with diameters or distances greater than thc wavelength

of visible or near visible light.
The exposed surfaces of the elongated elements also define a cross section
which may be wavy. The wavy cross section may be periodic or irregular. In addition,
30 the wavy cross section may be defined by curved surfaces or planar surfaces. The
exposed surfaces may also define a plurality of indentations or protrusions. The

protrusions may be convex or planar. Similarly, the indentations may be concave or



liquid crystal nolecules rotate towards alignment with the electric field,
effectively 2 5 untwisting the nolecular orientation. ~ In this event,
light transm ttedvéoosshe first polarizes 16 passes through tPeTIUSPM6LE2
crystal layer 11 without change in the direction of the pol a_rpgngNZqU
vector. Thus the light is unable to pass thl’O_LéQh t he second I I 3L7
and is absorbed thereby. This absorption results in dark areas on the

di spl ay surface corpg.sponding~ to areas where an electric fieldis
applied. By dividi ngﬁ?a?fe transparent 3 0 . electrodes , into patterns, 'the
di splay can , be made t dTlempekeindér deyiobmhysalsgithve ialatistrate upsriwhiclothe afranggent 8f | S
a cross=sectional schenmatj c~whi ﬁh'xjkl {gg)strat es .t he n&}or R,robl er -, r~~rith
i 5 WD 00/ 04418 .. Slements is disposed; Thegunstigiq mpy have a surfage which is texjored, dominga
. ', _9_ . convent @RapondfRkk&irkd SrfadRr ihvekpRdd RETRES oF the didthddts. Cr yst al
~di spl ay~~ , T~is.sqghematic I's . ' ,. simlar to that of Fig. 1 except that
the liquid crystal |ayerAlternatiygly, 2 meinsite pbthe axpeef the gempanentzsvefaces mggavereen

reduced , in thickn (e ’ o~ 'ﬁm o] , '
shown divided into tﬁi ﬁ‘r?lgredr{s%g%?rgﬁétvfsﬂ? &8‘?“8?’@% tﬁ?fgle&el erreh?ét%ﬁﬁelr?t L@EEV%%BJ‘?&T |
c,, which can 5 be ihedepenaanisity reflectlight dfable sscondpalarizatodinagosspereiat mamifer
the transparent el ecttéoe%escté4 an&lrl S.,. ~. , . ~., _, . . For this

di scussi on, assume thafBH qtg%fe?ﬁm.eﬂag?'d .is not applied.;to the liquid
crystal I mat eri al hi n pi ct.'[l(rjeq)oﬁdrﬁ' éinHche%aérafomd\elﬂol&izaiw\dﬁldﬁﬁusbirﬁw}:dr behymit the
material is in the twi.sted state. In ition, assune that a voltage is
applied to pt@ture gﬂ‘é ptalmaterial g ai‘%ﬁmi’Hgﬂoiaﬁﬁl‘:’cﬁe&c%‘%ﬂ"ﬁ’é? @F‘i‘%‘f??‘?%taf’h
its untwi sted stat e o;esthBlsh ah BguaPpRentfal pliieCiointetiSh &ERiectddelinibdnkralt@n ER&AC aS
dark. In addition, however, since the Iight that passes through picture
element 11 b is absé#&eldagropthe quiderysalangieriakr A plusality of shoging bers ay be electrically
casts a dark shadow } f 5 t e
di ffuse refl ector, ée fégrt}gtsg%&%gégf gﬁéjn?gé%gernl%gf'f‘.?ﬁ,ﬂtsttﬁZag%l%)éggdregﬁa?@gl%zﬂeléagf
the dark picture el eondaet. .11' b. i s enl arged and 15 .t he apparent size of.the
adj scent brjight pictur I IS e o hat. i t
is due to t h%gpar al | ax, e'l(;lr%sglg}g&;{’tg%%c’b %cltt S f??(lial j%%%ﬁgﬁage%?%fﬂﬁegﬁ (Eallv‘%agJ ?ﬁtggtf tﬁg
the liquid crystal Ipseyentinténtindvill becotliefappeent tethbscskilted tBthe an fromatcensidesdtion
this effect places ap,u r limt.on the resolution of the display., lt. can
be under st 0od that ChIRTGYIE fetFL A RRianatsd 1| OPREIEy vtk e ransat or
2 0 could be pl aced dtavingst i-mate contact with the liquid crystal layer. . In
,this case, since the reflector nust be behind the second pol ari zes, both
the polarizes and reflector would have to be within the liquid crystal

di splay cellyformed by the first ppYcREFPION OPFHIPDRASPHINGPNVENt i onal
polarizers are generally made froma dyed and stretched polyner filmthat
is not conpatible with tW@-|bFS@@éQ?S%@tlwbﬁewef%‘bm@ﬂrﬂmbwnt-Rblmllmﬂﬂlit‘élls@ﬁmaéllc

between tho |1 qui d QAGEVsa) SIEPAS orlte B Bh g Pibet i halE cxfifRefs
plate, the polarizes fil RGaus aidtagra_ai shotvingcsahdmyaticallysthe ﬁm@emh@dmﬂdneadallqﬂhgi
ANt L I T e T
i mproved refpsctive tw SFESH 3nea@rbsssedional view bl Bquis trgrbtaldiispRly a¢vicdinediporating
Conpr i s6d of & | ay e Wit B Gle R PHRbR LR Bt BBEAAN ched bet veen a

{ ;02} i ;L:gsltogr ent plate Bi ah¢a diagB8Ashéhinh Schdrhatiddl thd @Hédiosd fYsh Aliquidtshal

display device incorporating a specular reflector.
. FIG. 5A is a cross sectional view of a diffuse reflecting polarizer in accordance

30 with the preferred embodiment of this invention.
FIG. 5B is-a plan view of a diffuse reflecting polarizer in accordance with the

préferred embodiment of this invention.



WO 00/ 04418 -10 PC1'1US99/16132 - 2 ~a N ~oo~ the surfaces of the gl ass

pl ates 32 ‘and 33 as previously described. The front plate 32 has'a
transparent el ecly), ﬁ;ﬁﬁ% deposited on the surface adj acent, the 132 .
crystal material 31. ?I near pol arizer 36 is positioned: be Xﬁég
transparent plate 32 and the light source 37. The surface o ate
33 adjacent to the liquid crystal 5 |layer 31-7s coated with a grld of
closely spaced parallel conductors 35, A grid of suitably spaced conductors
will reflect an electr orﬁ@rGGSam'oxseseenqnhbnew fa hqmda‘crysialghﬂphﬂd:mde wmbarperatinge
direction of the cond ors d w ransm t. an el ectr

pol ari zed ort hogona Lécbftﬁfsﬁe’ieg%fﬂﬂ%ldjto ‘§°r i ieordancer Vit ang t%F'i g’ﬂs%‘l"@m}s?fews

di spl ay device 30, intentieRnductor .grid 35 combines the functions of

pol ari zer, reflector, 1 o electrical contact to th liqujid c

layer 31. The reflecti orﬁgr%)‘rﬁatdf?@mé‘bﬁmﬂ’&w ‘?jﬁ‘qt‘ﬁag' ‘Ue 'Qﬁ%’é%ﬁ‘éﬂ‘qmi[jré‘iﬁtﬁhg
t hat the anglse of r(ﬁgljlgcddvgglﬁ%gpbraggggggﬁke;ege&t&e .angl e of incidence on-the
opposi ng side of the normal to the reflector surface. Fi 4 1is a
cross-sectional schemat ildGo$a laapcrqmﬁcavevly‘gtoﬁa pelprizst @sms@gﬂ@@remtmeewn

illustrates the signifi t t erg
in U S patent 15 4, 6886@9 syffﬂé’ﬁﬁﬁ%m"t °?g8§r§§ie°g§e?;l&ssf’?ﬁ]"gﬁ%e‘ﬁ%{mg’]ﬁ%

di spl ay 30. Some porti orFIGf 9at1hasex‘spaghve YleWIOQapelalﬂzeomwciwfthemnttsexgm%am of
the display and fromi ntﬁén i persgec?é«? Yl of a 85’1%12%9 e%ic bc%f gfe Qs%?t‘ri tl Aho and

41, respectively. These ref Fon t he
i ncident |ight. Another HiGrIO mla pefspdctiee VngapalaﬁmdédMemfgte ﬁrénentfm‘annon

| 36 and d.by th
Tl bstrated by 1 gnt ray 100l 58 PASPeTE M A4 RPDEEtR PRGN TR B epidh o 33

to be absorbed. Typi cally 35% of the incident Ilght will be ref]lected from

the conductor grid 35 in areas_where no vol ta]gW l_EIE)Iled to he |IC|UId
crystal Iayer 31, and 1% or PEJAILEDDESCRIFT O THE INXENTIO, '

voltage is "applied to' Hdi§ehdeWHil How bY fladé td tBY awiks in NS K@Y vﬁ?&ds@leﬁ@ﬂyof
wth this design is that light-rays 39, 40, and ~4I are all parallel, and

the bright ndds seenthppresant imertiopavill be givemnymesical designationeand in hish thernventiom s
the contrast ratio, r %He f

bri ght ness of the dar bep(?%:'tu %F(ggoe%sre}?rg%%! o llﬁg%fe?lﬂr‘l%i}ﬁt %?ta? ﬁé’eﬁl? %nh&?
5% /(1% + S% or about 7ntopdet to Nbwewe e, fcsmresef Ithegmentlaryst@g ] bet@escribed with
are parallel, col or .ban o} [ of
lighting due to int & eﬂgﬁ%le ()e\gteg\eggﬁw heseg?tgr égre é:éﬁ%%&%{eg%&%ﬂgl@}xfgé&%}l
and SB depict a pl adisplayeviHowmevee, rag 3l %mwmbreWMQﬁ'eaﬂmdfahd specifichtion,abe

45' cap' abl e of dlstrlb ing light in a control er | ccordanc th
t he present 2)i(%)nventllf}ﬁe é’goyd’(?q‘é %lérpltﬁg |u8eew%s"l°§n§-\g{’}ﬂ¥'@gid Effacéoséf‘qﬁ'}gq
cl osely spaced V\Qcﬁah&%r& convennmmf&/ﬂectweltﬁnstea)neﬁ@m dM?stﬂ| diipRiptle. THE
supported on a substrate' 4.7, as_shown ,in, pper .surface 48

of the conductive eHisRi®hssomprisesataliqydanstal 1%Y€&1kﬁa%dW‘6‘§Pd bab’ffF%ﬁisatf@Sw&hs

The surface texturepf IQ%dﬁ%cBﬂ&ﬁaxﬂFarhﬁ pERE1 5. O ch df Sbdepidibiai atanS has one or
sur f ace~nor nmal varles in a manner calculated to distribute |ight

specul ar refl ecti onmpretteanspaent elegirasies.sl 4oandrisgpwmativaly, deposited Oﬁltbwqﬁ ce#ghes
desired ,foryg he i ‘«'Heq2%i: Yfﬁoﬁ’lce?t'tﬁéjl CﬂJYd c:%{glftﬁ fal P !gﬁlrsﬁrgcﬁgiz%r ¥ B@sktﬁw‘ﬁed

contribute to the.d strlbutlo gure Ies a surftace
conprised of randonbgwesnethedirstf gia&st;ﬂatc d2camdtd higlouselrye Var VA ﬁg:oadupblaxiur 17 is

texture woul d al so be. eff Y asc |st

| mrert eronce. orf oot SR SR SrcoRT F AR b ATKRR e fetille b¥fioned
structures. Reflecbehﬁmﬂhémmdomarﬁﬂr I7.structures are 10 di scussed by Lavin
in "Specul ar Reflection” capn, El sevi ubl j shi Co For  the
device of Figure 5 to WOI?W{te tg‘ﬂ Q’rsfnpt:@éme IP&Fticﬂlé?’H‘%tt\‘félggﬁsa ithrioyid crystal
adj acent congduct i vVelagdreiTeitdShe %bﬁ&ﬁ%le&rod@ﬁﬁ ang 1§ We' be@@%&@fg&ahé’erétéh?for

wavel ength of the el ectromagnetic radiation being polarize st ance
woul d be in the rangerityf The wahﬂ@u@ﬁyckmsipfzhﬁfwmtPbﬁesd?yé’nﬂ A3 iS5 to 1.1

-Visible spectrum }%l 1&:&:{3 T%gﬁllék?l ss%?th@hﬁﬁ@?&ﬁﬂ%la%rﬁé%& fd ’traﬁgpgl%ﬁlt eldrSides

will increase the po arrzat i on




grid. Additionally, for the polarizer to function efficiently, the size or
di aneter of the facets, Distance Y, nust be large with respect to the

wavel engt h.. woAso/d4lm8 sanme tinme, for the device to have a unif BCTMS9®R16332
appearance, Distance Y nust be small conpared to the resol ut._izn 21: téﬁn
unai ded human vi sual system Distance Y wll normally fall in t1=’ M %nge
of 0.5 to 10 microns, though other ranges m8y be useful in particular
applications. Wien the polarizer device of the present invention is

enpl oyed wi t-hi nl4and tuare typipallyd.0¢emnz and 0,000 mm fespdctivélyrensi ons of the
patterned or roughengd .surface al so.heco i tant. The thickne of,_the
liquid crystal nater ﬁXISWt?%lﬁ%m@gpfﬁieéHﬁg?fs{’qﬁée &Hsﬁmnfﬂléeﬁjﬁgf@aj?’ %o
i eromet et s, (MBcRlet B e IR A AARIIRCL 1 A1E AR o Mo bl icne s o
di spl ay devices Ich apply e present 1 nvention, the vertical dinension
range of the pabdféepiesoh? andughndéda preféresiadireationdnaawistedrneneatic liguiel arpstaler

of dealing with this constraint would be to degrease {he Xi nﬁmgi ze of
the Distnce Y 8isplay\thgtiagsnarens plates\igiang 13; asg qriented %ncg H\aa%\ﬁg clerred difpqtione

into two or nor tyot: f iiRGid
| arge facet is ;8)1; @ggiql?g%c&?\tﬁfﬁrgﬂ%#gﬁeﬁ l%@ ltzhlgggtlﬁ%lg %lo t?%gﬁ%ﬁ%&?rr%%grla '
facets. Thi s wotiystahew thetseeorsifplate t130f This edanitiongcaagaatioedwistedeffect vethe qeid
anount of surface area tjlted at a_ _certain angle to the incomng light to
preserve the deSiystadimategiai “bFf‘%ltCFﬁxB‘élﬁ‘iaEﬁq,Thmel?@t #%‘51?5%‘?‘??6 by Fergasen (WSt Biten
di mensi on rangeg -G3i@ecyust be  wo ouio~ls -12 PCT/US99/16132 -2 JAN 200

t aken, however, "t'0 avol'd undesirable diffraction effects. Another nmanner of

deal i ngigv t h const r ailMhg Sirstipolatizen B§ {si oriRhtedi suEHIthad i Sra@émitd kgl wiiti thadirestionl d
be to overcoat the polarizer of the present invention with a thin film of

material to pl arbpolawzation opanted pprallelsp thediquidcry stplanalegiiesas thesurface of the first
. . . 't
i cr omet er' s ShouPAtRietS plEd ¥, bt 6 spdoRaTERERE: EPisEy el th B Kuehehils By | o

surface perf ect withfthepolafizatiohedirectiom oithsponal toehatef iliecikst podarivect@nt . O
course, issues such as matching the optical index of the material ,used to
that of the liquid cliytheabsence of prapplisdvoliage, the limiderystalgnasgrial dg im its relaxed

Doty earS i rome Sl TRRRAARIRR ecllBE Mot iFarbBF 76 trd e RO RE a0y el
occur to those ?l"h'b tWREinithe drfé‘ﬂta@i’bh oftﬁeﬁ@ﬁi:d%}%t&fnd{@'ules Kaiﬁt‘!_ﬂhé ﬁélhﬂidﬂi‘éﬁ&e&t@ﬂ
be used to fabricate the diffuse reflecti n(ﬂ:]ig ol ari zer device, and the

choi ce of fabri ofithedight oahiatechy) degragsas the lightqasses through theliquid ciyatablayerdrg
as the appropriat ecif.ications for,the surface texture .are net. A.nDs
traight For ver AecipBROGeE Hefiford Huici trfatlererd Gt hridhian Vapipy oicRte
alum num or 15 g eg@iredid 98 thtouphitRe secbRXpolb@shr 3 PRt mRhRnal AbsorpticH. YTHeflight
deposition and patterning techniques commbn to the sem conductor Hﬁ&i{g{v)

coul d b20used t oeflastafromutbe refteetor 18danhpaseesrbask dhronphk theepalartases Kyt
| ong as the nethod, provides sufficient depth, of.fielgd. ogr aphi c
|t Rogr aphy. | as Hauicher e 3 e roreroe pee il 8 simile et o TS iy voltage

Ferrante in U S Etle dis s Hrieht et hod that offers sufficient
resol ution and 38@?‘%1’2 0 olfﬁgffi1 | d. 'F%e desired surface texture of the

under | yi ng subst.rat e. Whed d volagebisapphet bgtweer tiertranaparerirelecirodesof4 ardelS, the

substrate, such_ as,grindjng. or. sand-blasting.or by chemcal a i of .t he
substrate, such g %S%LM%I%HW%E@W‘%% lignmen &’F‘gf‘H‘%JS‘FFFE‘CBIH?‘ﬁ edvaly
gl ass. Akt er nat hehiking (et hmoiedRial 8ribRh6A.2n GRS 'egetﬁ,eh%ﬁﬁl‘%ﬁéﬁlﬁﬂd%rﬁ R first
substrate and then texture y enbossing or by radiation assi sted

casting, as desgoidrizer byp&isesthtaighnhé Bouid Srystdiayet $1 itRoidt,chifge ih thesdirdction
anot her nethod, the texl,ur,f:d,suLt@ge,,.,couJ,‘dJJe‘e.nbassed_or@g t.onto =~ a
conti nuous pl astoféhenalarizatipn vesteniihus the light isynable toRastibeo sepl neyjarizer

Bl enkh in U . 7 ' i
P g subst rat e 1747 iEftspibel Sibrdit TN SO Sul R halk et AR Gtk Prface
refl ectiive pol ardof@spondifgtiolaeeat whieaselbctaid dieldoistapplidd. tHiedigidisk the traasmkdne|

conduct ors~on a snooth surface conprised of a polyriier filmover'a rigid
substraB8; and telrsirodemnie’ patiernsy thex displayx eary. be ymadegtor present symbols and other

-information.

-+Fig. 2 is a cross-sectional schematic which illustrates the major probler: with



WO 00/ 04418 -13 ~PCT/US99/ 16132 - 2 JAN 200 net hod descri bed by?Zagerin
U S, : Patent 5;466,319. Oxher com~iinationsuoffabrication techniques~are

surely possi ‘wWthiri the scope~of-the invention. . Any process that -
casts or ehﬁgéﬁ‘g@"me- surface texture will require a net aﬁ-ﬁ@%ﬂseml y "
called a shim .which is generally prepared by plating nefa N rface ’
5 relief pattern created ~ in a phot oresigt. layer:. ~ 1. Techni‘ques for
creating a suitable random y-textured photoresist ~ |layer are described by

Dainty in ' a ' Lt Led tN ' s af i tteeri :
charact eri zed %°§ﬁ%%@o’§gﬁd“§é ??pa? ctgﬁﬁéﬁéﬂ{ﬁﬁg i‘alrl«@é: Q(Laggig r%? facygf %@Qﬂmﬁé‘ac{’ls

I nternational siMitikstbemt of Fig. Madteptthat Watx'ycsdry_stﬂflaﬁﬁal bfd iragspRivatsleafdies
Sept enber 1990, p.~ 530. An inproved technique for fabricating textured 1 o
surfaces with Hsdndk: havedeenreduged ithiskagssr In additien,dbe biaviderysigl Imearddsisn in

U S. Patent 5, 93 . ' haract er i t texture, it g useful 1o
define a ref ersgl(r%%g @%g%%mé%ﬁé%aﬁ%gglegé’r(glwcé\?retege%feﬁgs’gxﬁgtlpaatng‘*ﬁﬁ’a‘fv&cﬁgf"ﬁsl ab
whi ch is descridifge ﬁ@@up@@xmdlmbyb@rr&pmam%siegﬁe%@mehﬁnsthéleét%@aw ~
pl ane can al so be defined with respect to the texture in a 15 nunber of

ways, for examldel5a suitable reference -plane woul d ~be the plane defined by

the condition that the,average distanc f tihe .t ted surf.a rom t.he
reference plane is Oéf%l,s 6?"“8%% agf%er&ﬂtgaé} ﬁ}FCt{}ﬁﬁﬁi&fsﬁ?tsap@ilFﬁﬁ? El}eglhqlggn be
appl i ed over tdgstalndteddl id PRuuROLIBIeAS 1 841 10 ah@tiRefquitEcrstal pbRlialie iitthence
pl ane) or over only sone |ocal area of the polarizes device, as-

appropri ate. 2vostyhstps. [n addition, lapswmethatasroktags is gppliaddo gictyre elera¢ntddhandt i ve

| ts of thj i mpd to t t ai.dth, K
Ceohnidues. forFHBRosPAR I REb T s S Blestd SRR P LB b
be applied. Fowile¥eadseh as dirke I68ddition, howelerHindt tHelipPRAhatasuesdsARGbubl pledirgi n
in US. Patent 4,289,381 or the overly thick conductor techni que described

by Kei | mann i nelemers. 11p4s absort®d by the secand pelarizend 7 epiptuss eldmient hteersts @dakt o

i nprove the extinction ratd o o h [i i S also | | 0 hat
Var atbons i n THEOKeR M SR rdiestatiaref el he péafldE atfisp lfoRtdh deliEhatea
center -t 0- cent 2y iSAa daniel) TIRIs, e hhRient Si2PofiBe 44R Pichite BRARME €18 R@nBFded and
extinction at the expense of the total amount of li1ght reflected, or

converk®el y, t othenapparerssizetof the aghacentdiright pictirewlementdderis exiuaed.t Netedhatithist i on
-of th id. .t ' d_pet.hod ' .the Wi id ...
oo nance. e BRSBTS B pul s bt P B

skilled in the@tht lafdrd1 fdithe Biffilse 2eTleeRRF 1 8, M nobCINAMHis 6ffELGIRIMA Lippdt
“inproved twisted nenatic liquid crystal display device 60 intended for

i 11umi nation flimihonitke riselsion of Biedlispldy. t he WO 001 04418 - 14 PCTI US99/ 16132
- 2 JA N 2006 displ ly., This displ 0| ised of a. !

(i quid crystal  mar cha bediderstond EnORe Bali el AR ee TimRerd it HE i o
and a ggar pl a&ﬁxlc@ﬁee ﬁ@b&hngﬂﬁﬂaﬁé E&}t&?gvyh%é l‘?r.ﬁhé_lr Elgsir%ga?exp(?h?ﬂﬁszc% , SiicOthet N€

surface adjacent t Iquid crysta er 61. ecting polarizes 65
i s conmposed of reflectot tust becbahyndothe segomt [pelarieem Hothtthe poletizereamkisefiettorswould

Char act or i St 1 CBRYGHo M aVIER s A8 GRS hsal ol daratPory B epicpncyspeond glas
di St DUt i 0N Ofilc 0 on b ARSI @loef S AP b0 B HRNAL 245 BRI M

the surface in the manner previous crysta eri al

is aligned to fihethatishetwmpatiblelvetighepocgsbatused oeonstchcbthediguind orystaldidpyay
described. A previously ~ descrihed planarizing |ayer 70 may al so b

ntrodied | f el - Museausscaineerthe fim poisnzemould bp cated hetwent the Hapis e¥HHan ce

ol ect rode 64 clayes PO RO selBhes, o nd sigha PR Tiale, HSeflatiER)RRRI WY &b o
61. A linear pglearicaiBsirbéries vagsink IRRMcHShIVROEY, tWcH Welld greatly increase the

voltage required to untwist the liquid crystal molecules.

Fig. 3 is a cross-sectional schematic of an improved reflective twisted nematic
30 liquid crystal display 30 as described by Grinberg in U.S. Patent 4,688,897. This
display 30 is comprised of a layer of liquid crystal material 31 sandwiched between a

front transparent plate 32 and a rear plate 33. The liquid crystal material is aligned to



transparent plate 62 and the |light source 69. Since the light that is
transmtted through the grid polarizes 65 nust be absorbed, the rear plate
63 can be absor biw@go/e#18an 15 ~ absorbing nmaterial 68, such astTluSQQI gnt,
can be deposited on the back surface of the rear plate 63: 'F-h SH
pol ari zes 66 is one exanple of a polarizes malaons for polarizi ng the I ght
so that' only light having a single polarizat or a first polarization,

|2, Bassed her et hr okl find T B U SRR BB AR F ogoe e 32,
under st ood that pol hmlazmnspdnmvelemdecﬁjsdepbintedloarthe garfae chdjabent tltemquid orgstal
Do el | as the 1 robugat A Adurioisdrs SiuerBote ey e g REBGroT PR or
the first pol arizat ifaihelighSourdetd?. tihe s&@&@ﬂﬁkh@?éaﬁbla?@ﬁ dAhcerMiVhORY B b Q8]
means nmay be used for passing substantially only one polarization

orientation &f the !aYQjH*tl is poatedrwith pjggidi of cé«?sybftsmceﬁmaéquiehpor@notoraﬁa A grid of
associ ated el ect rOdﬁéta?]lﬁ &F@c&f&ﬁ&B}semﬂfreﬁeo?% et 4%&,@%@@9& B aRve fO7
selectively altering t arization orientation of th as It passes
t her et ~r ough from t Milaized slpngathb elm:«mv iof thetcondugtorss endwill pmsm:tuazatepmmagheuq S
of course understoo aJeB;% an%‘&’o é‘l{ai foht 8éh dAh&! ! Tigls, T ”nggmf‘é{m? 'é%?&ls
selectively alter t arlza orl entatT on of "the Ml

exanpl e, the |i qui ddevicg$0athe Borfaluatat grid a5 cdmbmés ihed”uxiﬂﬁﬁﬂ.eoﬁ/poldﬂlzﬁl aﬁédtordaﬁi on
either side thereof,, or and el ectrode on the fro ean awre grid
ﬁ lwpbi@ n@w

pol ari zes wit’h shor ¢leGiiFaheantactio thy liquidcrysia efleptign from the cpndygtor grid
pol arizes 65 is OneZ&ﬁi%aégBilﬁarofneﬁm’ige{Ha?%' dﬁ?leddtﬁﬁﬁéc'ﬂoﬂgwlloéeaédua% the ¥Qle of
00/ 04418 ~ , ~PC,".1YUS99/ 16132 . \ ~ =~ ~1~~ -15- neans for
passing |ight of th@cxfipncspnﬁmoap@szrwal«éﬁpféhmm@nlne&qroﬂwyoraprﬁser sing |ight
of the second pol ari zati -

generally parallel arr anfggr‘r‘el%'?&gis Jcﬁédng%h%ﬂaélgtoggh&&lh%ﬁgtgpéﬁ Yel) e%)e‘mlgl
67. ~ The. el ements. lll@ﬁrqmsm signifirantdefitioncyiinthedesign d@cmbembyéimbm mrié@n@tqnt:
waves of th i ght 0

orientati onelﬁr’ler pend%‘g8 L?%ﬁ%‘ﬁé'ih}{lé%% 159&} troreljﬁ3 ?pl%% F grhéaé()%&&thls
pol ari zation . ori ehglﬁtreﬂmtsmmﬁlﬂhdefrom §dﬂfaéehef ﬂieaitmiysan&fromﬁmhabkteﬁieﬂt agray

have an exposed sur e t at .to th the expgsed surfaces of  t

other elenents refl l&ﬁthit? 25%&% Ir?sﬁ?ﬁt“@?' gsed Hef‘s%“&ﬂ’i‘cfﬂﬂ’%ﬁ
in adiffuse minnertot@&fﬂ%%ﬁ&%%ﬁheﬂﬂﬁ@tfMh&tuer%hwﬂofi&leh@pa@d%WE&}gﬂﬂle front
material 68 is one exanple of an absorbing nmeans for absorbing |ight of the

first polarization Belarizer Jasanddseithgr {eﬂP‘ESGFb‘W the eonduetorgiid 3y apBingrateddy light ray g.
7 is a crossygsectiogal o SehaRlitdd thiigh thd }eh‘lSISIEt@tBQ% BQ@béofmao‘f?ﬂmB' 355 of the
dlsplay perfornance t'hat occurs when a pol arizes capable of Controlling the
di stribution of |i gheidens lightwitlbe reflesigd fomthecanducterngrick Idn areasavticre nei vopdegyis
cell in accordance {;

di spl ay device 30 i é\ﬁp}l ge{r?pﬁ %aé“%&pgtﬁl]léye'r ?}ésauﬂ %Eg’% lé'égﬁuﬁﬂ??ehé&@d lhgga%x%eté%g
that the reflecti vequtagarsiappigd%thnhqnldef){settaserdrl dhe key defictescyl mgi‘ttnscimn ial

controll ed range of r at s 39, An .obser.ver
Ui ewt ng the di op! ay RN e 37 b a3 R iEpaffc Tind R e sy B oo
i ghL r ef ljeczsgdbf r othetstne oﬁ&bﬁfdoﬁm@&nenﬁ'ld‘hhh&le@&gga&aﬁﬁo mfrrdt:b@fdt%ﬁ%lﬁyﬁw\bﬂt})e
not be reduced by t surfac reflections t he =\
device 60, as ill usr &5?@65 f°r’i§‘1:l?rt§?m§ss ofh dank pictuee &?@Fﬁts’t"ﬂ{[g? E%}Elghe\‘if@flgq%éa

i mges by reflecting g, 5%) bt ebchu 7aoll. € WedrecdRr, (Sce lighD rafle89, AoNghdd 1f dront
in nore than one orientation to produce an image visible over an angul ar

range. Wien used wi pHallelicplorbandg PS/%’MPS TSk ebyeryed pnder cee'qa@ tyes of lighting duede
can serve as the el ﬁﬁérfeke?x@éb&@%%ése %gg}g?%l quid crystal material as well

as functioning as the polarizes 2 use reflector. In this case,
the grid nmusto be divi dedFiguren54 et 5B idepitt aplarsdewiasd cross sectional view of a polanzer

device 45 capable of distributing light in a controlled manner in accordance with the

presént invention. The ‘polarizer device 45 is comprised of a grid of closely spaced



segnents appropriate to the techni ques enployed to address . the display
picture elenents. Mreover, within each of the isol ated segnents, the
resistivity of .t Qg ogbdegh MUst be | ow enough to ensure that a u %&ﬁy age
is applied to the I|qU|d crystal layer. Shorting bars, V\hich-'ﬁ%" t% % g
grid lines at intervals nmuch longer than the 3 0 wavel ength of Iight nay. be

incorporated to assure adequate el ectrical cé#tact to the el pngated

el enents of the isolated segnents. These bars ma%/r be many m croireters in
width i f desired, aoadusHyrslemonts 4Gsaprasied onpsEbStBE psahoym inIG 3Ry Thewper,

general . WO 001 04¢ 148 G e ol eldichiats tas %@é}l Al aﬁé’ﬂﬁﬁ%g I prof)ﬁaté’ﬂéhlng be

desirable that they be narrow enough to avoird disrupting t I Xel ation of

t he di spl ay and narThswursase iryture of the surface 48 isiconteolied sudhahatriks cegnpemal Vhriss

nmay be placed reaso (e} h be
much, rnuch further gg"gw c%l% %g\%lgvug{mwtf ?ﬁfggﬁégﬁ“‘% Qéjlel%tslf’%l e’ ItﬁJ]ﬁetéloq'l
an inordinate nunbeufon’éspoﬁdmmtermemewmg aﬂgleadmyed/ﬁoi- the $iquid cg\sﬂaydxspmadhfftabtmn
per f or mance of the arizes beca se . the res

surface area which @o’l@%‘* 58 plSP Sont) té“‘?ﬁ%F\gisFMBH °ﬂ] Wﬁ@% ﬁé’;‘}’plé?sé‘
capabl e of refl ectiguefadetpRiprbddaTdarndbiiplaneé Heficeld, Ialcoﬁmﬂe@dly Wdrigh bwfacé fervard he
surroundi ng area to the unaided, eye and may stand out if t hey are naot

reasonabl y narr ow. »Io%daigoheﬁsfp@%éﬂloabwe if faken tleayQid the inferfargnca cffetsithpbean

pol arizes device Wc&%ﬁbﬁ[&ﬁ&ﬁ@oﬁ?ﬁémbd}c HAIChPAS RUA S onsTith ﬂe?i%dﬁ: ﬁﬁfcﬁfré@ are
itself may take various forns. Referrin agalnto FIGS. SA and SB, the
pol ari zes défi ce hadiscassgemekain ip “Spacalar ﬂe&?l‘P 4 meriean Fdsevier Bublishing Compsny,
thin, elongated, separa lJedED Lact
with the source |ight tg%gtf@)d traélsn'iﬁ? F ﬁ?%a@?%gﬁgnp%?q%ﬁ%%’feﬁsgaél&t&tﬁec
orientation per pendadgaaémlcorilclﬁctwctebemdnts Bisamﬂ(smdsﬁ basxdaltkm&nparedgo the wavelength

transmtted beam of fir i 0

pol ari zation ori ent%ﬁ?oﬂec 3‘?’ %W%' q%‘ﬁ@ht {Q'SE?é'C%aW& e ﬁx@raé@egf

L ef | ect ed bea(rjn of ?oeoscglgsﬂ%aodoﬁmmuom foxEﬁ&hmoﬂxet\h?bleb@&gﬁhﬁ‘dw&i ﬂﬁesml afler} 6
as an exposed surface i_ch .may he er surface, or genera .

opposite the3surf ac‘gmﬁ%“‘li‘f" pfelqeéregu’b'éfb}ﬁi Wi h’?g‘gﬁ‘eﬁl&ﬁ Royqrizgtiqpepe ﬂ’éna?c‘?f’f){he wire

exposed surfaces 80gdiaveidaionSKt, brakk pﬁ)ﬂdﬁi@ﬁtu Fénctidh bficiehilg IRRR DL diafnbict FERS
80 of the elenents 46 reflect_a majority of the light in a diffuse rranner

or over a range of @fsts Bisiance Yigrstse ]aF@ﬂ@ﬂHﬁﬁ’et’t@ ﬁe@faV@B‘gﬂhsA‘iq}FcﬁaE‘ﬁf'@& or
above, a reference @l aifesndRY uﬁﬁorgﬁfléua%%)ee{;%erlgigﬁﬁ&npﬁuﬂlb@.@rﬁal%n{ﬁﬂédpﬁ

defined by the average nean hei ght of ext ur ed 5 ~ surface 48. The
ref erence pl ane maythbeesejutinmredtheyngideddiuman vigualisystera. Bistasee Ywill normally fall in the

reference n | 88 I
ref erence plojao’r;il _ raH%e?f@S%@l&ﬁxc%%%,ﬁlgb%gl)}%g%gn és P‘ches g%‘?@?ﬁ{ cﬁlgpagkgﬁgmss
46 may forma plurality \Mhernbmnmmt deywnbﬁtheyrda@ltarweﬁms emplBpasihwithimapliquicht

facet 92 and 93 may h co e y
normal with respect W&\ﬁt%glcﬁs 'tc%lacfl %’S%onﬁeittg% & eé%eél orfﬁ}éé}’ceger?p%lnfegg gl?;é(es
96 and 97 forma ramgeme)fmpijrn‘aﬁter['hathuﬂmeﬁseﬁthmhqtndrce;smeﬁmteha i b eypivaldizphay lies

ref erence ~axi s~ ~ the co urf es 92-and
wo 00i o~rls PGT/ USQWTB%Z’X@ 02566‘“’@8}‘?&?5&% alglsfﬂcglp,gerlngﬁqfecf’ for fi C}{ncp

non-paral | elagni th t&?stél%fsﬁfa?ﬂ@ﬁcd&'%% §§y uﬁlﬁr@sreﬂﬁhveﬁﬁby theSRATRAIMHRRIE Ringe
axi s~96 and 97~may have a~simlar~orientation with respect ta.the conmon

reference axis 88, ®fithe miicmedorapyghencdsuriaes gaye constraiaed. {ne maggerofdestingpith
axis 88 to reflect this constraint would be to decrease the maximum size of the Distance Y by dividing

a facet which rises too high above the surface into two or more smaller facets such that
the angle of the sides of the large facet is preserved in the angle of the sides of the
30 smaller facets. This would have the effect of presenting approximately the same
amount of surface area tilted at a certain angle to the incoming light to preserve the

desired light distribution, while reducing the vertical dimension range. Care must be



light in a non-specular manner with respect to the reference plane 84. . 5
Many of the conmponent surfaces 92 and , 93 have an el evatedr portion 100
defining a peak, wobosaddiewered portion 104 defining a vall ey THoT/USosYpRIsE Nt
surfaces 92 and 93 have a variety of different el evations, %ga\,ﬁtm%
contours, with respect to an effective nean he jht, or W|th r he
reference plane 84. Referring to FIG SA r of t he conponent surfaces
92 and 93 have a di e n di Stan

across opposite si d;el{szﬁ% E’P We‘k%go %voﬁliﬁ &é’tghrb*e a&g@IacP egggtf'zén(g o aﬁlﬁ?’ E“’%F‘g
substanti al nunber oivxthmanmlammtmslw\featmlsdxﬁﬂnmﬂo%xeisabsgatea‘toerdtiehanvdrhmthe

wavel ength of visible 0% eg% i sible z? -Iv]% 31 E’Q r~| .engt h Lll
i s.preferably great eP”#Eh° Bﬁrlesetﬂt‘&v‘?ﬁt‘e iR a thipdilm g ?tf’f“’\_t Jpagie Popagiplly
across the conponent plandrfz8GRe subfacd MMhisbRercbRire A6ddR0t BeiveS thick (Gngl:luﬁssnﬁ the order
parallel with the eIon ated el enents 46, 15 eferring to Fl 8a and ,

t he exposed s@rfacesoBD tof mipremetersshenldbe ep@ﬁmseffwnﬁﬁyr ig i mpgsesary tama,ket e
cross section 110. TRerGL BSFech Bhd 19’3rde§tota% %tﬂ@ﬁ&%@d’lngﬂm{n b0 dg:lgurse, issues

reference plane 84. The Vy Cross sectlion erlo
irregular. In additi wh as mewhargyhecquélr@emf tmna_tm@lmsitdjbatfoﬁthnﬁduidyrystakw@d

surfaces 112, as sho es 114 . as sho

FI'G 6b. The vavy or Siibriart i, iy orinh FRRm L BERDarbithene Torigie il
surfaces, or be a samﬂsﬁahhampofedam tﬁe@ém@eﬂ dimenshaunyeiby thd Gquidlerystak inaterining
to FIGs. 9a and 9b, e(&Fpr ed sur ace; y 9 OL t he el ongated el enents 46
may define aifl urali ftl‘§° SSIWIH QAT 1q BAE SEREd Infhieart-ndent at i ons 120 may have
curved sides 122, or be CANGANE: ofweHRAWH 'td&hxﬁh&s Hi be Qlsed RETbABYe BRVEffuse
pl anar sides 124, as 2 5 shown in FIG 9b. Referring to FIGs.10 and_ 11, the

exposed surfaces 80 ##leeting nolasizerlevige. em@hemoscméfahwnemmgues isnqy eritigal tp ther
protrusions 130. ThejRemidndsi asrmé/ f?ﬂ)\ﬁﬁa@ kAR Acafdnd 6t tﬂessarfad’é?exﬁnﬁ)% n'léi‘ A

FIG 10, or may have curved si , be convex, as shown in 3
o It is of course untefistigist fonmrdamoaekploslé@emems;@gdmﬁemeﬁlemfn@anw or

SheTentS ey a0 1O TRfcR ikl SHBS fofhied"hGhd * A LAY of SEbiG alOpiRhi A

t he textured surface I on, 'S un erstoo € expose
surfaces of the el equyommon"toahamenm:ondum)r oduggyabad be’h&ed?tﬁffdhnl‘dS&deﬁﬁém

- 2 JAN 2003 variety_g9 ent ces., The n urfa

pl aner, curved, or sB?ﬁ‘{ee “S’HB‘]eﬁé‘fr ﬁsollg?%?setﬁﬁggﬁ)g gAY tiefle&gg%lﬂqeof
gomﬂonent surfaces aﬁeldSMr@ﬂdllﬁmfdpgylhgﬁhshﬁbﬁﬁﬁif Gesin ih (¢S, Pirt]tﬁ’ﬁm ,049,984, or by
i ffuse manner or in_a non cul ar r Wt espect to the refere

pl ane. The exposed SEfFaicin UF - petat 4116 Qéifseadneh blersrufciea ﬁssoéuttoeﬂl@&@&l
surface. The geext ur egrsealgf ace may be defined by a distribution of spati al

oscillations. The dom nant_ or nost fundanental oscillations preferably have
a period greater than theThgesitehgirfcotextyreefiiheunderiyiag subsirae poudd be gpinedyby

greater than about Onécﬁgn?éa?ﬁ%aswn dthes s*b Yiie! s%b}tl %e%rfnﬁiég Bt §a?cpbl'a§mg o?%) ARffeal

and particul ar enbodi ments thereof are descri
i ntended that the i nabmslpmqftbesubstmm,ew;bhsmhelwll koovirtuss of dilute hpdroButiriverid go etch

My ok 1 oL 0 gk K SRR B S L DB B AR
been 15 descrashed- i ntdmaéu;bpémbbskmg st dradietiontassisted cpsting, asrdyﬁ:haéd Wi Shphréynantilne
invention is also ap I cabl e f i.n, ot her a
Ut izi g ot hor 1i quiks Eaipat7haE i sllditheimdRad e Bipiedsiriis saufhs Shbgssp
t hus :j n; enlded that "t becdsnvaidtd intiReouk ipsticint ToS&QRPIN Midg MY nlefiRd described by
appendedr cl ai ns.

PP - Blenkhorn in U.S, Patent 4,840,757) which could then be laminated to a rigid substrate.

30 \ Still another method for fabricating the diffuse reflective polarizer would be to
deposit and pattern the grid of parallel conductorson a smooth surface comprised of a

polymer film over ‘a rigid substrate, .and then emboss the surface.texture using the



WO 00/ 04418 , P~TN. S99/16132 19 , ~ -- 2 JAN 2003,. CLAIM5 : ~ ~ ' Wat is
clainmed~3s:, . ' 1. Areflective dispersing polarizer device for generally
separating a sowyogobddght beam wi thin the visible or.near visijgd@uss®fgiar um
into two, generally orthogonally 5 polarized beans and. ref th%EgN aanUS
majority of one of the beans in nore than one _angul ar orientdtion, the

devi ce conprising: a generally parallel arraﬂ-&érrent , of. a ,plurality

of .,thin, elongated, separaied el ene gonfii for dispositi i.n the
source |ight:beam q%%@psgﬂé@%ggmﬁ%éﬁ%éﬂ&j &’r Other ’L‘a}uﬁﬁs«‘&?ﬂbﬂ‘m‘m

el ectronmagnet i ¢ WaY&Rfinighesatesubddp'possibleviitin RRABJRf & iRAGIAl | y (i) transmit
| i ght having a polarization orientationperpendicular to the elenents_ and

defining a transmtted DBYRTSess thatqapts or gyabassas shespdacy texie yill requirepmstal topl, ght

havi ng a pol ari zati G | Q. DAL ' ;ﬁﬂgt fsitlcR 9
,a reflected beam gglﬂglg{slgcgrrl\?dp%ﬁg&?&%l ?Sgéﬁ,n 'ﬂi:%%%?eeﬂ ga{}%gneg{lglr}g%ts hac\g/i ng
an exposed sérf ace relightpatiaryerdatad ini 2 Iphotioresist layry oJechninues faregreasing tehauitgblher

el enents reflect a .ok ] f k f t ecan Q) ari zatj. i
diil'use manner. 2F !:}J '%%T%’rd i ﬁzh}ear?or%f’é%{i%yeeggfe g‘%&iéb%ﬁ%y%mﬁgbe%%}rhn%?Sirltlﬂ{eg
of -t he exposed sur f‘Meesirafientdef lhosvgadrig 8 echaricerizedahnddasroagh eiface;eid The

structure configured to,di ~' usely 2 0.reflect a majorif f the Light of
the second pol ari zil“?%?‘fi“_aﬁfe?yghe_r g’rﬁﬁ'@atlﬁ’lnaldik’??r %ﬂto‘g‘%d@é’.‘%ﬁ?‘yﬁﬁé’fﬁﬁmﬁer
device of claim 1, pabreimfns, Rp@Rbe1950, pP§36. N&n fhgrevd WBMGudor Rbidadad ©tured
el ements share a common general orientation with a reference plane and a

common ref efBnce agtdacabVitansymmetriqabdiffusing properties is deserpbed by Peiprsendn Ugh Batent
wherein the 2 5 expqpedssurfaces of the elenments forma plurality of
conponent surfaces each having a conponent axis generally normal with
respect to the associ at &d chaageriverthe teywiadeis uacfpl tardefine 3 refererve ptapergensestly
aaies fonrnng a ran f d ~ei.enf. angl ith, . cespec~to the co n .
reference axis. 3 é’g‘ﬁ?‘&mg‘epﬁ’%ﬁ {eznéa'}&l z\gllla évthb* 1%%5?%&&?5 WB?'@P%C%P%W Ft Y,
of the arrangenent eteineatsorkletrefdreateepland cansdlsy be definodrith rgspaetriatheaextemtiahi on

with a reference plane; and SUBSTI TUTE SHEET ( RULE 26) VWO QU 04418 -  ~
P52 ° 180" Ve PR ey, N SREE F UL TGSt & opife feLned by
plurality of conpongidonditibh Batthe ez dittamcOSXthaeeled kirface SBmakAEfefthce plane
parallel with the reference plane. ol ari zes device of claim

5. The Z ] 1,
wherein a najority Fere Hés@iﬁd&“ééls@lé’a’r‘*aa‘g'§ dgfinitionrag be ppplied aves the spagiof the

includes a texturegoplirdtQeitSto RN 4 Slbb4l r&eﬁhw;ﬁﬁe,’[d{- o9ér onfBrIBRIR §dthl apdalof A €S
a majority of the textured structure being formed of conponent surfaces

respectivel y havi ngokrieesdgvige, pasppiropsiateni t h t he el ongated el enents which is
| onger tliag,the wavel eggt: 1 Sd I 51 ] is :
g Iafy v M%’ﬁ%ﬁ\e{%’lg%txﬁéeg a %nﬁgéﬁl?{%l/ gxléf 5%3&&1@&1&3&% OQ?luc-:lﬂﬁgss

pol ari zes device of claim e exposed surfaces of
t he el ongat ed el enepprexintitely aquil ue ah¢ Elemeht codibokmovn Eohifiqges Sor anpreying ihey

of the component surfaces r ectivel v. havin n_el.evated portion, defi.ning
a peak and | owered pﬁﬁfgﬁagﬁe ﬁ‘ﬁferﬁnﬁé’ OL;?YI\%%{FF ,s°e§3ﬂp1¥?§'n%%rﬁé%f‘pl§’tﬁl?efd§3@e egﬁ}i ng
a size defined by gridnmiwddeschibédyaaroppobis. Patentd289,38 her ticki oxerbyt thick edndactor
substanti al nunber of conponent 15 ! sur.f bei at t hap t

vavel ongth of visi BRETGH GSRORIPER eI iBRES Pooresnid 7 oF G heembypd Eocsfed
claiml, whesein a t§gBhsbid the ektinkliéh @lio 0HHe @A SIRY Wel PR tRat YARBAS in the
general orientation with a reference plane; and wherein the exposed

surfaces of the el ovidhobie elemputnwith trspechie the qgaiariozenipr spacine, errssied. senchemssd
taken 2 0 perpendi gy bifandtnt Qﬁd Eﬁfn‘é{i&pﬁ%@é&@ﬁse of the total amount of light reflected, or

conversely, to increase the light reflected while decreasing the extinction of the grid.

Other techniques and methods to improve the wire grid performance for particular
30 applications will surely occur to those skilled in the art.
Fig. 6 is a cross sectional schematic diagram of an improved twisted nematic

liquid crystal display device 60 intended for illumination from the viewer’s side of the



8. The pol arizes device of claim7, wherein the cross section is periodic.
9. The pol arizes device of claim7, wherein the cross section is irregular.
25 10. ' The pol aWPAR44i%yi ce of claim~7, wherein the wavy cr 86E/USWAEIA3N

is defined -~~~ - ~_ 11. The pol ari zes device o f clai M 7 -
wavy cross section is defined 3 0 by planer = 1 gurfaces. SUBS%A%%T

(RULE.~26) V\D 00/ 04418 ~PCT/ US99/ 16132 =2 JAN 2(183 -21 12. ' "The
pol ari zer' devi ce' of Ghs?la?‘ ofly. Vﬂﬂﬁrcﬂéﬂihyt ms%wns“ea%% lﬁy%GBf Qima %rﬂet infa@ialy1 @
saw t oot hed~surface. 137 The ~~polarizer~ device ' lai mf wherein

.the , exposed surf asagivi¢hed hgtwgengt fepngtansprrent plaiei62 gnmarméateﬁwltnﬂaauppqrt&she
indentations. 14. T I: i LM j

i ndentations are co E%]ae@{e?hg E}é& S‘?ﬁrgﬁ}r; g? g’r1 i?ﬁzeesgral;fgé reH\(/it]a geem g?q{qﬁidnc&&ﬁ layer 61. The
cl ai zn13, ~~wher ei n~tréftectingieodirezen 65 iscomipased ofrl rawitplicit@ oﬁjathﬂsl coldiictive elements 67,

The' pol ari zer_ devi c ces

el ongat ed el ehent s g’é‘?‘?sﬁé gnﬁlt?i(r‘g?w‘fffa&? asp?%‘f'?‘tf& ‘geﬁ % gg‘i‘? aralaheélsb%rirtpez es

device of claim16; e kufict treRhSeh USEGARE] HE Eis@BIIRIOL lighh bdepecumlrattdcaes
device of claim 16, wherein the protrusions have pl anar sides. -~

A reflective di sper Siomfhpuarigus pasdonsefing garfags mghsmnarrrpgﬁvg,oeﬂériacnbrg Eh%'eﬂ%e
light beamwithin t Q?ygi’%?da@rﬁl reaug}ﬁato e ShuPdcBs SRECHIAL rﬂateateq ah83 Q@ﬁ;@r@tdly

orthogonal | y pol ari ze eans and flecting a majority of one~of beans

in nore than one angiﬂwanbed)r ﬁemewsbnyiesmi@ddnéamn@ng;laugr]osmngalscabgentmdafpeldylf
paral | el arrghgenen I

el ements confi gured or {ép%%t?r#l%%mlﬂrr:\e%Eg&%ﬁﬁgﬁﬁﬁg?%&iﬂ%ﬁ)ﬁ%&% etr%lﬁ's
provi di ng means for ’li‘hntfwnapiatieﬁ@hmiettt’ans;iamnt clmgmétdepomdrastheﬁuﬂfdaea@mnnhe

l'ight beamto gener ans it i ght ha olariz
orientation per pendlehcgtﬂ)’{j ?(’ %tﬁl nag}(’térre}r’tqg‘egn%o i ﬁq ﬂsgpoélt'f’?%;é‘%w’? o fhe Eomh,
of a first polari zatttaﬁﬁpar@ﬂpla(gl@}mdtﬁé ligit bouréed9t Stnawthe Ygla thadisarahshiitiedthrough

orientation parallel wth the el ements and definin flecte amof a 3
0 second pol ari zati df¢ ge%eﬂﬂer%r@aawa%& ﬁawaﬁ@%&eﬁ%@%&% ga OB 2N

that togethefsw t h t8e Bip Ameralds! ek 8Sbladk _Fﬁﬂ? R RRTe &it@d‘@ﬂh@bicﬁ@ﬁ?f&e of the
plurality of conponent suffaces whi ch SUBSTI TUTE SK T (R ULE 2

00/ 04418 PCTI US9911 6¢arplate6s. 2 JAN 2003 forma textured structure a
majority of the conponen E!}f el ey, L.on
defining a peak and Iome?rgg“%a?? ag:ﬁiegggﬁﬁoﬁgz 1 ?? Iaﬂn%hr agsoﬁégﬂ%%ﬁgt thé
surface having a di d@tscrthsleénlylhglhttimt'mersmgppmiammlos; desﬁrstfpdldmaﬁmmrtscpamd
surface, a majority e textu surface bein onent
surfaces with respecﬁ‘?mt r%‘gh ?‘?@?‘gf}?‘"@geoé’t Btﬁtgﬂ‘é ‘%&é‘\‘/‘e?{%“ﬁ‘& R fT PP e
or near visibbe |i grﬁolariz@ndnl;leragebyatrsafbbeclt 1stolﬂeomsefuhw§tﬁmli tha pBlatigersipave varan
one angul ar orientati ol.ari zer ,device of claim 19, wh n
majority of the elo t*eafwéraa%@'ﬂt@ bﬂ%?reoan%eaﬁﬁmaygeﬁércar%mwaﬁ@% o she
a reference plane Wgdthm gofirighRRCR Wl & tAOfBEPRarBhtion, AAS BbrblaCeltlf amount of
reference plane; and wherein the conmponent surfaces each define a conponent

axi s general |y nor ndightéf tbhﬁrs&mlmmﬁhn@gwwhwmmpowwwemx piatizgnperrs nt
axes formng a plur 21.
The pol ari zer devi cgljnér?I e l%gcll ﬁ?%ﬁﬁl\%heﬁrsgn{rllﬁmog% Flal?ﬁlgétt%{ea%tg S?QS%E@
structure is25 fonned by Therdiquidenistad maferialed; mdtdssqcamp@lﬁcfmdes,ds aweetxample of a
across the conponent 0
The pol ari zer devi cd 0?#{221& algﬁrgﬂn “é?@?sﬁle?‘ﬁ% | t%‘l)% tﬂé}ﬁolg “za“n}llj(r&le&tﬁmn ofthe

B - light as 1t passes therethrough from the first polarization to the second polarization. It

is of course understood that any polarization altering means may be used to selectively

" alter the polarization orientation of the light, including for example, the liquid crystal

30 material described above with electrodes on either side thereof, or and electrode on the
front side and a wire grid polarizer with shorting bars as discussed below, etc.

The reflecting polarizer 65 is one.example-of a:reflective dispersing polarizer



defined by a distnbution of spatial oscillations with dom nant oscillations
having a period 20 ~ -greater than 0.4 mcrons. 23. The polarizer, device
of claim19) whewgioblo@i1gej ority of the textured structure is fpefrRsbisisz

conponent surfaces which are generally planar. 2 5 . ~ 24.,.The | r
device of claim 19, wherein a majoxity of the textured st ruydngml ned

by conponent surfaces which are generally coifvex. 25. ~ The, pol ari zer
device of claim19, .wherei.n a majority of the textured structure js ~

def i ned: by corrpdneﬁ‘@a@wg‘i’rﬂ‘&% ‘,gﬂh‘i’f‘c‘"‘F @FH’%’@‘H@W&IW?“@S??H&W@%@‘_“SEB@'WWE
SHEET (RULE 26)  Wehii0hQdiZ8on 2 The?réflectilg polbhiGer §° bty | €, &0 Behlefafly Qe M
19, :wherein a ;mjority, of tlte. texturecf structure’is fornmed % ]
conmponent sur f acesaygngerhend of thine elongated; spacedapag elenents G7erThesltiments 47 previdene
textured structure T T ' ‘ ' 1 N9 Th . ein
a majority of the {“g%sﬁ(rzrén erg(tmrné?:‘{?t l},} ggkﬁm@gg%\ugsﬁgy&@g %‘%@‘%ﬁk@“’@? *r%x%ggt‘@%iif ch
respectivel y6 have bhaviigapelarizatiopforiehtétionpenpendidub ttthesiemenits, ind reflgotlight hayingn

ef fective nean height, .28. The pol ari devj ce of claj furt her

compri 51 ng & subst FAPEgPR-oHeA @SR EL G b SeBones  Hath, dBimen g Bhve an
general l'y parall el egfoscnggasnhat digetherfddith té éxpysedsuifdttdof thd ARG 3lef@nte keflerd S

I s di sposed-on the~textured sgz\;(f ce, of the substrate, the textured_ surface

of the substrate cHBSFRPIHIRN Srfeifrelaizaiopn & ditfuse mangeh B IHSHLMOE t o
formthe conponent saynkRaes. 15 29., A reflective dispersing polarizer
device for generally separating a saurce. ; light beamwthin the visible
or near visitbl e spect r ubhciahtasbipgpmatsripl8 s qno expamplenfen absotbingyneans fos absprbings
and reflecting a Mgk it pARAzdRbn bAG iOHARE thdheABcGef] B\griAPgs! ar
orientation, the de\g/i ge _cortprl)i si ng: Ifa sdbst rate .cggﬂ;i Suébggggor ldi sposi tion
in the source |ight beadfisahidapeess-segtignabschensatic that dlusteatesitherimipravgmertt indispdasal | y
parallel, thin, el ' ate
and spaced apart f %%ﬁ%egﬁg%{e}{s%hg%%ﬁ&%?%ﬁg b}eeg’?(é?sng{ ﬁgﬁgﬁﬁ%ﬁﬁ%ﬂgﬁa@%%gs ed
surface that toget sdncorpordted wizhie tipawisttdembtiodisplayfcell ireacsbriencestithrtbepresehor m

a plurality of elevational..contours w respect .tq.an.effectiye nean

el ght whi 152 5 qUSREOTS T SPtER o i RS Eice 203 it It 1 e Ouste
textured surface bsliowg ih BiphBdxbapt thartheteflsctivapolagzen3 é sovgicieqnondidthbutesilight t he
el ongated el enents which is greater than ap roxi‘ﬂgtel .the el engt h of

light in the visi bP¥Idcoptalled raugepfanglss &5 illysirated, By apdliiple rays fP o AP ek ans
for interacting w tRwilgqd diSHIRORRE ArfpleMBYRDoRtal MRidSRIRAR sdd Al thdR@Mdected

generally (i) transmt 1ight having a polarization orientatjon
per pendi cul ar to tfFemzhgpaarizen#nd thecanigst ofthedisplay Willaah be redycqddy the purface

first polarjgation reﬂ%%ng 11(‘) dnd'aqf l1"1‘:f|§st, the Hﬂﬂgy D c'e 8e, a@ilﬂlgérﬁﬁ iﬂﬁd}%’?manipulates

Y
orientation parallel wth the elenents and defining a reflected beam
SUBSTI TUTE SHEET ( Hghtio aréte visible images by reflecting light visible by a viewer 23 (FIG. 2) defining

a front in more than one orientation to produce an image visible over an angular range.

When used with a liquid crystal display device, the grid polarizer can serve as

the electrical contact to the liquid crystal material as well as functioning as the polarizer

25 and diffuse reflector. In this case, the grid must be divided into electrically isolated
segments appropriate to the techniques employed to address.the display picture

elements. Moreover, within each of the isolated segments, the resistivity of the grid

must be low enough to ensure that a uniform voltage is applied to the liquid crystal

layer. Shorting bars, which connect the grid lines at intervals much longer than the

30 wavelength of light may be incorporated to assure adequate electrical contact to the
elongated elements of the isolated segments. These bars may be many micrometers in

width if desired, and should be sparsely distributed about the surface in general.



w0 001 04418 PCTI US991 16132 = 2 J A N 2~'~3 -29 of a second polarization, to:
thereby direct the reflected beamin nore than one angul ar orientation: 30.
The pol ari zes devwoso/iofsiscl ai m 29, wherein a majority of the tewoaruse/6132
surface is fornmed by contours with lengths greater than appr,Q_g< 1\!132%34
mcrons. 31. The polarizes device o f claim29. wherein the t

surface is defined by a distn' bution of spati af oscillations with dom nant
osci |l I ati ons havi ng

pol ari zes devi ce of %P%n‘{ gq”&vﬁgé @Isgﬁﬁ;@{%pméy be 5&?&92&1113&9 %’r%edddlgﬁﬁ?%ceei S
formed by contours \Mmetahoxaofehghspéayednﬂympdmmnghto%tbd'\hablpcd tae urniled eyev i They of
cl aim 29, Wnerelnamaorlt 55urfa f on

contours which are el?’eﬂla}%d ECSWh@y °§ﬁe Fo?ﬁtgerplg Inﬁcref‘?@'s &W 8? ‘-‘g‘} E‘%/Wluﬁlé
wherein a majority cnfmchhﬁthb@phwh@ldthswam@@thls@pfdard"fmi;xlimlg}@rlmuﬁcﬁdmmﬁlhn&rre
general |y concave 2 0 35 Angethod for making a reflective_ dispersing

pol ari zes devPce, tWéﬂ}‘?@t%ﬁfse@éli‘f’ﬁr"l"g|aﬂb°’seb’r‘5\li’?‘i§|ﬂi‘f‘d’eéf°§ﬁﬂ§? pitheplprizgr '%Fcause

surface; and deposi t,&ydwift p%érﬁﬁbn@hxf@&t%&?ac@%i %ﬁh%estﬁb@ &Hl?z"‘ettﬁ@r%ﬁcciéa [{gff. M
a pattern of generally parallel, 'thin separate_ el enents, each el enent

havi ng an exposed s.filcséhey ereaepablent reflgetinganpalarized light, theywillanpesthrichterthanthe
the other elenments fg ﬁ@nﬁ\ﬁ%iag{]atlg t%mé’uﬂzixde%' %\é%h‘r?ﬂ‘a? 5&%&@%?1} E?e%?cﬁxﬁﬂlyt 0

an effective nmean heig I nes a textu ectl VE sur
t he~el ement ~ provi dmagoweans =for- interacting-with ~e| ecgneti e-waves-of a

source 11 ghtafeam to senaabbiyld b2l AL 8 ARATIHAE b8 0s
of a first pol ari zatdhamcteriwed indaflos ways,iagdl the ixture {3sif tiBMblRYafoys Gbritisi R éfeiring
ori en;au Ion par fm! I eI WI }ggﬁltf#e el e:%ré%hs and gfg\l}lgé}? agﬁﬁé Zep%t ed]ﬁtn;legaelmrémogf a
second: pol ari zati on.?

| fJS~9/ 16132 -2 ;| ANp?m'ahtyof_tﬁﬁ,_clo?@ated“ sepaﬁlf@ eleni®Ris30The@iongateéd élérﬁ@h?sab mteract
wher ei n; , t he step, ~of : "p~ovi.d T?g&ﬁ a substrate includes providi

substrate with a pl uvish the S;?“’GF light eppmig light having a pelarizatinnor Wntﬁfonwﬁ‘@e@w“lar
CcO onent su aces. r
np ik teafaere&lwewanlaaxﬁxﬂgg BtrdnSHfHel bam gﬁgirﬁ{ﬁgﬁﬁidge?,%?egcct

greater than the wavel ength of visible or near visi _
textured surface. 37ighThavinges paletizetierc brigntatias paratelr witin theredensemtst6oind defining a
depositing a. materi f ener ally parallel, thin spaced
apart ~ elenents in?ﬁﬂé ted's %n?%npan&gﬁﬁ; %‘3‘5‘5 ity of contours on the exposed
surfaces of the el ementsEadlfbffﬂ&elo@ngatedlblem&nts/es Ieslaa exposed sheficec8® which may be an

for.gen~erally separating.a_ source i th I Si I .ne
vi si bl e spectrum i nt'BPEwEace gracarmally ?&8?‘?3%9%#/\%‘3‘{%08&%}%; 42£W@°3ﬁ'c??{he
reflecting az20mj ori texpesed auifacef 80t Hage beatied Strudtufed NTIRREME kRtosétPduffades 80 bithe

respect to a refere e pl the device conmprising:. a generally parallel
arrangement of a p| f%%qcﬂgqﬁlaﬂnajgpgn%fatpggtght in a diffuse’ manner or over a range of

dlfferent angles.

Referring to FIG. 5B, as indicated above, a reference plane 84 may be defined.
The reference plane 84 may be defined by the average mean height of the textured
25 . surface 48. The reference plane may be generally parallel with the substrate 47. A

reference normal 88 may also be defined which is perpendicular to the reference plane

84.
The exposed surfaces 80 of the elements 46 may form a plurality of component
surfaces 92 or facets. Each component facet 92 and 93 may have a component axis 96
30 and 97 which is generally normal with respect to the associated component surface.
The component axes 96 and 97 form a range of different angles with respect to the

common reference -axis 88. ' Many -of. the component surfaces 92-and .93 may be



15 separated el enents configured for disposition in the source |ight beam
the el enents providing neans for interacting with el ectromagneti ¢c: waves of

t he source |ight wooamaae generally (i) transmit |ight having epqraisss/iasz i on
orientation perpendicular to the elements and defining a tragsnAN@(0B88am
of a first polarization, and (ii) reflect light having a polarization
orientation parallel with the-elenments ‘and d imni ng a reflected beamof a 2
0 second pol ari zation ach..el.ondgat.ed’ el nt, having an, ex d surface
Chat togerner  wi & h ioTaBAgmeRIRBE R GomBugHel i i srEn @ plent i ST ErpRiel &
plurality of conpongmporei &x#9and 97wkl Bhved ¥/siMilar dMRnRfiSrARRIEIRBIRE tiheRbARGAt ed
el ements sharing a common general orientation with a reference plane and a

common reference af F%‘%W!ssvh“ﬁ have adifferant %Qﬂ“_%ahéalﬁleéh@t@?f@@@‘c@xbﬁ 88 _rﬁ‘é’,eﬂﬁcﬁ e
conponent sur faces j68GH RBiispQuRr HAARPAAAespEd o GE NIl plAOE4BI Wi th
respect to the associ ated conponent surface, a majority of the conponent
axes having 5 a s~ilar &ayiofded component| surfaces-920and; Q3ehaye -an' elayated partion 100
~tlfferextta~gttlar omst. kS | ect | OL] of
the 11 gnt of the ocsineEpteatfubel AL AT SRk, HlcchulBlnlbihies
respect to the ref &2and®s lpivaaearieBOof diffaratt tleedtions orklemed somourp elithréspent to an

device for use with_liguid crystal dijspla or general | ar.at |

source |ight beam vﬁf{ﬂﬁﬁ'ﬁ “leﬁ'é{‘%glgi ?ﬂ“é!{“d?ﬁpﬁﬁ? Ih\?lr%f 5reE p@ﬁé%‘f'f@fi*?@%@%

SHEET |(|RULE Zﬁ) \&fﬁ:@@fﬂiﬁéd»rﬁpongﬁbeﬁfmegﬂﬁiu@th%ve a?c_lis]rﬁé‘sbr;@‘oriq?@thilrﬁeﬁnéd\m f
general |y orthogonal |, ol ari zed beans reflecting a ority of one o
the beams inlmore tqu%m@ﬁécraﬁg’ap%ﬁltea}dp%ﬁ}g? F%PI,”“F‘H@“‘%@\??- @e&mﬁe&ﬁh&of&
general 'y paral | el spstamaiaiBiver Sfcompbiet stirfabds 90 fand U8 13 greédtepihaming Wavalfiipad 6t ed
el ements configured for. disposition in the source |ight beam the el enents

5 provi di ng neans fWible ptneapyisibledight. tThus thessizenriepateli is pipferably eatertbansabavic e
ight beam to gener fuerds) The RASHIL! mhy Yok A AOR cBitbéHeh Flth @i any desired
orientation perpendicular to the elenents and defining a .ransmtteyd eam
of a first pol ari zaarieotations ingludinig)paradie] with the ielpngatedelémentsedool ari zat i on
orientation.parallel w ; ) i ning..a l.act f.a
second pol arl?‘zati on, 10k2§%£§gé$gg%sg?£e%ldgpghng§{po e&\?lgr%ce%@fog%ﬁggogﬁg ésaalajlerl aeélttas
t hat together w th 46mayekfincedavyerdsasetorol10t The abdsaectioh nakeh perpanidicelat toghe
majority of the Light of the g‘fcggd ol ari zati.on iﬁ a dDinfus manner apd
el ectrical contact 'WEsAee BlpasPFi dhe MOV 5155 SeFtiop 14 ¥ anay B rryHpdic ob gl sIn
configured for est afuitioh|thdwavyldréds decibhi PRPmay bd fatthdll B3 ifled burfiBésan R s shobm
40. ~ The pol ari zes device of claim39, wherein the electrical contact

means conprises a pR&FGI8e.qy byplanyspraces)] apsshapa it FiGe 8h. | The pgvpiras sectiop hE)

el ongat ed elgment s. pdlne fén&ﬁd%? s AY t RRRA LGS, bPbe IBWi tBhlckdPsdctic hs hBwn in
create visible images by 2 0 transmtting and/or reflecting Iight visible

by a viewer over arfléipgml ar'range, the viewer defining a front orientation,
the apparatus conprisi nq{'eferring to FIGs. 9a and 9b, the exposed surfaces 80 of the elongated elements

46 may define a plurality of indentations 120. The indentations 120 may have curved

sides 122, or be concave, as shown in FIG. 9a, or they may have planar sides 124, as
25 shown in FIG. 9b.
Referring to FIGs. 10 and 11, the exposed surfaces 80 of the elongated elements
46 may define a plurality of protrusions 130. The protrusions may have planar sides
132, as shown in FIG. 10, or may have curved sides 134, or be convex, as shown in
FIG. 11.
30 It is of course understood that the exposed surfaces of the elongated elements
may be formed by the substrate which is itself textured to define the textured surface.

In addition, it is understood that the exposed surfaces of the elements may form a wide
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2. ‘The polarizer device of claim 1, wherein a majority of the exposed
surfaces of the elongated elements includes a textured structure configured to diffusely

20 reflect a majority of the light of the second polarization over a range of different angles.

3. The polarizer device of claim 1, wherein a majority of the arrangement
of elongated elements share a common general orientation with a reference plane and
a common reference axis normal with respect to the reference plane; and wherein the
25 exposed surfaces of the elements form a plurality of component surfaces each having a
component axis generally normal with respect to the associated component surface, a
" plurality of the component axes forming a range of différent angles with respect to the -

common reference axis.

30 4, The polarizer device of claim 1, wherein a majority of the arrangement

of elongated elements share a common general orientation with a reference plane; and
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10 surfaces of the elongated elements form a plurality of componcnt surfaces, a majority
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diameter between opposite sides, the diameter of a substantial number of component

15" surfaces being greater than the wavelength of visible or near visible light.

7. The polarizer device of claim 1, wherein a majority of the elongated
elements share a common general orientation with a reference plane; and wherein the

exposed surfaces of the elongated elements define a generally wavy cross section taken

20 perpendicular to the reference plane.
8. The polarizer device of claim 7, wherein the cross section is periodic.
0. The polarizer device of claim 7, wherein the cross section is irregular.
25

10. ¢ Thepolanzerdevxce of claim 7, wherein the wavy cross section is defined

11.  Thepolarizer device of claim 7, wherein the wavy cross section is defined
30 by planer surfaces.
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14.  The polarizer device of claim 13, wherein the indcntations are concave.

15.  The polarizeridevice of claim:13,swherein the ‘indentations. have planar
10 sides.

16.  The polarizer device of claim 1, wherein the exposed surfaces of the

elongated elements define a plurality of protrusions.
15 17.  The polarizer device of claim 16, wherein the protrusions are convex.

18.  The polarizer device of claim 16, wherein the protrusions have planar
sides. '

20 19.  Areflective dispersing polarizer device for generally separating a source
light beam within the visible or near visible spectrum into two generally orthogonally
polarized beams and reflecting a majority of one-of the beams in more than one angular
orientation, the device comprising:

a generally parallel arrangement of a plurality of thin, elongated,

25 separated elements configured for disposition in the source light beam, the elements

providing means for interacting with electromagnetic waves of the source light beam to

7 generally (i) transmit light having a polarization orientation perpendicular to the elements

and defining a transmitted beam of a first polarization, and (ii) reflect light having a
polarization orientation parallel with the elements and defining a reflected beam of a

30 second polarization,
each elongated element having an exposed surface that together with the

exposed surfaces of the other elements form a plurality of component surfaces which
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20.  The polarizer device of claim 19, wherein a majority of the elongated

elements share a common general orientation with a reference plane with a reference axis

10 generally normal to the reference plane; and wherein the component surfaces each define
a component axis generally normal to the corresponding component surface, the

component axes forming a plurality of angles with respect to the reference axis.

21.  The polarizer device of claim 19, wherein a majority of the textured
15 structure is'formed by component surfaces with respective diameters across the

component surface greater than approximately 0.4 microns.

22.  The polarizer device of claim 19, wherein the textured structure is
defined by a distribution of spatial oscillations with dominant oscillations having a period
20 - -greater than 0.4 microns.

23.  The polarizer device of claim 19, wherein a majority of the textured

structure is formed by component surfaces which are generally planar.

25 .+ 24, The polarizer device of claim 19, wherein a majority of the textured

structure is defined by component surfaces which are: generally convex.

25.-  The.polarizer device of claim 19, wherein a majority of the textured

strudm;e is-defined:by component surfaces which are generally concave.
30
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different elevations with respect to an effective mean height.

28.  The polarizer device of claim 19, further comprising a substrate with a
10 textured surface; and wherein the génerally parallel arrangement of a plurality of thin, -
elongated elements is disposed: on the:textured surface of the substrate, the textured
surface of the substrate causing the exposed surfaces of the elongated elements to form
the component surfaces.

15 29.  Areflective dispersing polarizer device for generally separating a source, :
light beam within the visible or near visible spectrum into two generally orthogonally
polarized beams and reflecting a majority of one of the beams in more than one angular
orientation, the device comprising:

asubstrate configured for disposition in the source light beam and having

20 a surface;

a plurality of generally parallel, thin, elongated elements disposed on the
surface of the substrate and spaced apart from one another, each elongated element
having an exposed surface that together with the exposed surfaces of the other elements
form a plurality of elevational contours with respect to an effective mean height which

25 defines a textured reflective surface, a majority of the textured surface being formed by
contours having a length parallel with the elongated elements which is greater than
approximately the wavelength of light in the visible or near visible spectrum, the
elements providing means for interacting with electromagnetic waves of the source light
beamto generally (i) transmit light having a polarization orientation perpendicular to the

30 elements and defining a transmitted beam of a first polarization, and (ii) reflect light

having a polarization orientation parallel with the elements and defining a reflected beam
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30.  The polarizer device of claim 29, wherein a majority of the textured
5 surface is formed by contouts with lengths greater than approximately 0.4 microns.

31.  The polarizer device of claim 29, wherein the textured surface is defined
by a distribution of spatial oscillations with dominant oscillations having a period greater
than 0.4 fnicrons.

10 -

32  The polarizer device of claim 29, wherein a majority of the textured

surface is formed by contours which are generally planar.

33.  The polarizer device of claim 29, wherein a majority of the textured
15 surface is formed by contours which are generally convex.

34.  The polarizer device of claim 29, wherein a majority of the textured

surface is formed by contours which are generally concave.

20 35.  Amethod for making a reflective dispersing polarizer device, the method
comprising:
providing a substrate with a surface; and
depositing a material on the surface of the substrate to form a pattern of
generally parallel, thin separate elements, each element having an exposed surface that
25 together with the exposed surfaces of the other elements form a plurality of elevational
contours with respect to an effective mean height which defines a textured reflective
surface, the-elements-providing means-for interacting-with electromagnetic-waves-ofa
source light beam to generally (i) transmit light having a polarization orientation
perpendicular to the elements and defining a transmitted beam of a first polarization, and
30 (ii) reflect light having a polarization orientation parallel with the elements and defining
a reflected'beain of a second:polarization.
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component surfaces respectively having a length across opposing edges greater than the
wavelength of visible or near visible light defining a textured surface.

5 , _ . )

'37.  The method of claim 35, wherein the step of depositing a material to
form a pattern of generally parallel, thin spaced apart-elements includes forming the
plurality of contours on the exposed surfaces of the elements.

10 38.  Areflective polarizer device for generally separating a source light beam

within the visible or near visible spectrum into two: generally orthogonally polarized
beams"and reflecting a majority of one of the beams in a non-specular manner with

respect to a reference plane, the device comprising:
a generally paralle]l arrangement of a plurality of thin, elongated,
15 separated elements configured for disposition in the source light beam, the elements
providing means for interacting with electromagnetic waves of the source light beam to
generally (i) transmit light having a polarization orientation perpendicular to the elements
and defining a transmitted beam of a first polarization, and (ii) reflect light having a
polarization orientation parallel with the elements and defining a reflected beam of a

20 second polarization,

each elongated element having an exposed surface that together with the
exposed surfaces of the other elements form a plurality of component surfaces, a
majority of the arrangement of elongated elements sharing a common general orientation
with a reference plane and a common reference axis normal with respect to the reference
25 plane, the component surfaces each having a component axis generally normal with
respect to the associated component surface, a majority of the component axes having
" a similar orientation With té€Spect to the reference axis, but a differemt angular value from
the reference axis to reflect a majority of the light of the second polarization in a non-

specular manner with respect to the reference plane.
30

39.  Areflective dispersing polarizer device for use with liquid crystal displays
for generally separating a source light beam within the visible or near visible spectrum
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and defining a transmitted beam of a first polarization, and (ii) reflect light having a
polarization orientation parallel with the elements and defining a reflected beam of a
second polarization,

10 each elongated element having an exposed surface that together withthe
exposed surfaces of the other elements reflect 2 majority of the light of the second
polarization in a diffuse manner; and

electrical contact means electrically coupled to the elongated elements
configured for establishing a field across a liquid crystal material.
15 ' '
40. - The polarizer device of claim 39, wherein the electrical contact means
comprises a plurality of shorting bars electrically coupled to the elongated elements.

41. A display apparatus for manipulating light to create visible images by

20 transmitting and/or reflecting light visible by a viewer over an angular range, the viewer
defining a front orientation, the apparatus comprising:

a first polarizer means configured for polarizing the light so that only
" light having a single polarization orientation is passed therethrough, defining a first
polarization;

25 a polarization altering means disposed behind the first polarizer means
and responsive to means for selectively altering the polarization orientation of the light
as-it-passes therethrough-from the first-polarization-to-a-second-polarization;-

a reflective dispersing, second polarizer means disposed behind the
polarization altering means for passing light of the first polarization and reflectively

30 dispersing light of the second polarization back through the polarization altering means
and -first polarizer means, the second polarizer means having a generally parallel
arrangement-of thin, elongated, spaced apart elements, each elongated element having
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42.  Thedisplay apparatus of claim41, further comprising anabsorbing means
10 disposed behind the second polarizer for absorbing light of the first polarization after it
passes through the second polarizer.
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