;e3eD<" 6TDZ DUAL MODE REFLECTI VE/ TRANSM SSI VE LI QUI D CRYSTAL DI SPLAY
APPARATU mﬁmmmD OF THE INVENTION 5 1. Field of the | nvédMayfOPhe
pr esent ﬁm\u@ | ates to a dual node display apparatus operating in
anbi ent and hagle-1 i ght nodes, or reflective and transm ssive nodes. Mre
particularly, the present invention rellates to a dual nmode |iquid crystal

ar i 0 pot ar' zer DUALDHE e ECH e A SSMIGSV BT QUi Ry HEE 2 107 ca
liquid crystal display device gagpyiasesppA@NfUsef liquid crystal naterial
sandwi ched between front and back transparent plates. Transparent

el ectrmﬂﬁwmmmmllmm ted on the inner surfaces of the transparent plates and
used t rical 15 signals which alter the |ight transm ssion
properti esa@fst he |iqui d BAGKRGROUNROF TR INYENEQN: el ectrodes are

typigally pﬁtterﬂgg drtndel bt he pixel structure of the display device.
The surfaces of the transparent electrodes are also treated to ensure a

preferred al i gnnént pdiane divieatiof edlateh e b idgali wlods Wisphly apph@aisiopsratidgdsent to
each surface. The preferred acid mpst comonly used formof Iiquid crystal
di spl ay ut iambigat apdbackilighpmodesc aergfleotivziand Eansidssrie raodas; Morepagispdarky,

ef fect . Thand HeShRd IRIBH teaiel fohual Mol RLRE FEAPIRBIS Sobdral LR SppaCl | o

contrast r riving voltages and pre resho

conpat i bl e plitalitycafrotiized[ inctuding Cwirk gtidpbhokagio selédi@clyimipigatanighe, and
good gray-scale rendition. In a typical twisted nematic |iquid crystal
dispay with a backlight. the display 25 sandw ch al so includes |inear
polarizers:fffiﬁq rtA)ﬂthe outer surfaces of the front and back transparent
pl at es. The'liquid)crystal | ayer is aligned at the surfaces such that the

pol ari zati on vechaypieil liqhtcrydaAngsplhy Aevichicomghiséne 1hpdresr liguid @hatsd 90
degrees in the absence of an applied electric field, but is not rotated in

t he presendwatefialgandyiekadticewdendrant andhacki frapspangnsplaigsi Tlanspamnt ¢legifodde s
| i near pol ar.i reré affj xed to {.ﬂge ofuther surfa &3 30 gf tJ;te froni :Emdlback
transpar ent™ pr&t g_.on e PSSP oN® AP PRIES AT §p° 8!aBPliyz° e
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nol ecul es adli acent to the front transparent plate. The transnmi ssion axis of

t he second tpobparemetecirgdasiarhiypicpy patieshedito deigne the pixebwdnaiure of the dieplay
transm ssi o&gax he front 1;‘g;ol ar

where the tPYitenTeorEheGard PRt e uRe ared B RUE R EEhe.
alignment direction for the liquid crystal molecules adjacent to each surface.
The preferred and most commonly used form of liquid crystal display utilizes
20 the well-known “twisted nematic” liquid crystal effect. The twisted nematic effect is
preferred because it offers excellent contrast ratio', low driving voltages and a sharp
response threshold compatible with current drive circuit technology, wide viewing
angle, and good gray-scale rendition.
In a typical twisted nematic liquid crystal display with a backlight. the display
25 sandwich also includes linear polarizers affixed to the outer surfaces of the front and
back transparent plates. The liquid crystal layer is aligned at the surfaces such that the
polarization vector of light transmitted through the layer is rotated 90 degrees in the
absence of an applied elcctric field, but is not rotated in the presence of an electric field.
The display sandwich also includes linear polarizers affixed to the outer surfaces
30 of the front and back transparcnt plates. The transmission axis of the first polarizer is
generally aligned in parallel to the orientation of the liquid crystal molecules adjacent
to the front transparent plate. The transmission axis of the second polarizer is either

parallel to, or orthogonal to, the transmission axis of the front polarizer.



light transmtted through one polarizes is reoriented, in the%'? seﬂg of an
electric field, to pass through the opposing polarizes such t ¥ da‘:‘panel
is transparent and appears bright to the observer. For this reason, a
twisted nematic liquid crystal device wth 5 orthogonal polarizers is
commonly referred to as operating in the "'normally white" node. In the
presence of an electric field, the light transmtted by one polarizes is
not rotated and is thus bl ocked by the second pol arizes. Thus, the panel is
opaque and appeafdsthdande vlerd the transevigsion dxis dfithstwiapuiaizerd dre otthagomphthent

el ectrodes can be used to apply electric fields to selected areas_of the
panel to cr@&F‘etraalsmﬂéq%ﬁh@uglﬁa@eepﬁweh\é r?qsmefemdile pbsgp¢e ofr egesFrp@ qu?%a s.
Twi sted ne Lol gl r i r i

pol ar  zer's Sps BHRPUEDh She BhaRLRURAE R e fphels Doh ol 3hd Boears . o
operation. brighte thbsbsreerofFoalthietessn, aawidted Agmaitheliquid ity stdl alesiot tithd
through one polarizes is reoriented to be blocked or absorbed by the

oppodi ng poPHheganal pelanzers it compaoyy feferreds topmeppsatingdinithe apperlly Witk to t he
observer. In the of | & fi 8l he Light transm. d by
one pol ari zgr'ls()dlg's I[gght%%?%% rg%eeoé aﬁ%!fgérgﬁegda?\hser#@pg’an %)HQ' 'Fﬁg%’@%gﬂ%“%%ﬂ‘%b‘?‘zes_
Thus) the pagelediafd iOwub bRREERbR e ROShdPHSRIE. THughthe tpantinie ophQieadnd | N
many applications) the liquid crystal di S%| ay device is illumnated by a

| i ght sour céeppeseedasl todnivirvarhén thesamarnedathe trapspares sleairedesaad beiusedel@ from
t he opposin Lde. I hi e vi sk bl e i.nmage.i.s.creat l'i ght
that _passes WAy SEste b ibRo 68 ER SR Kt B Gedf RIS FREGH TS fom
howeyer, suehligis dad/dadtpigels.onmuni cations equi pnent) | ow power consunption
is critical and the display is illumnated primarily by anbient light.: In
this case, a ref [Tegsted acmpegriquid) eyt chispdayshedistmdctedevithi paraliel pojasizars

sandwi ch such that the.anbient |igh asses through the Sandw ch, reflects
fromthe ref Peerg{g'i '\')eWheaF Srieimonty, & r%"g‘tj Mhigs diermatly, dar H?%({]chﬁs RGEALORN M0 i n
the opposi ngbgnte6t dnilect@AEIESthE RghiMiB¥RTited TRYERR S pOTRGRr $ERBrided lae

viewer is formed by |ight which has passed through the Iliquid crystal
devi ce twi cbe biuekegpohbserhedviiysthe oppesenz palatizes such thiatitherramneldistopaguesadnemat i ¢

l'i quid tal deyi te t he fact that. t ' t h th
devide v cerPriaR i §odrin T bamres R sl fybe BRECFRs Rk 1
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transparent plate and the rear linear polarizés at a considerabl e distance

fromthe |i genal icnom transpheeptand dppearahbgleno the gewernt eri ng the display is

spatially 29 2003 -3 nodul ated. by the,.liquid.cr, al. | ayer t.o, forma
pattern of |i gh%&ﬁ&"ﬂﬁ?mwﬁ?%ﬁst igpid %?é‘nlq‘ﬁﬂlﬂ%’ éwedéaé'"ﬂﬂﬁtﬁxghét“ﬂ@ar
reflector. RhdBE 1dcakl 8aLih®he rdaSidk bANE sMASTGSandVi QMU Trdh end dppiifl Gy st al
device in the reverse direction and is again spatially nodul ated. However,

si N8 t he displiagase ghaosibld imagk i aedtedbclighinbht passae threnghotbe paned a amglees wi t h
respect to 5 ther\ dils[pla surface, the Ii rrap%es Iorrred by the two sa ses .

t hrough t he [IMeqdf etherapelications hawe ver, syehasaariable ggmaetnications edWPB iy iPYp, and
a doubl e i | i - ' :
condi t1 ons. PSR gRas pfafand B SRRy AR PAackp BF ki BRA ight
resol uti on dn dyd e, aseftdetias eleimeats Lisatdd behipd thedigual gaaleandwtthcadhabbtat or s,
t hi s phenonenon does |imt the resolution, aor mninum pi xel size, of to
anbi ent i || Hirandtred liehl resia UKewgh e saqodyisharedets fram e glleglye clementgindyent s
t he ,appl i cat,i ; [ sk hbahs 1 At oAt ARVE | +at i ons)
suchﬂas I api)?%gs %ﬁ%ﬁ@ s."%%r?aﬁﬁ.h?? Q‘?\gP p%ﬁc"o‘?‘&%leﬁt vga?@?‘rhgm&%gb?@%t

i |l um nat ed thevingipe dedretyathic ovidwer s throey by diphdwhieh s pased bieoagidintiliqoal | oss
of brightness that occurs due to absorption in the 15 |inear polarizers.
Not e t hat tKiYStahatyieE W8 be a problemwith theoretical polarizers that

transimt 100% of 10 LA bl Y SCARRRLRCD &l POPAAL G AL LagON

pol ari zati on. Howeveér, current |i1near polarizers on r less

of the prefdeviees ppdi@d art fadnhail iR lgﬁldiphéseﬁalhroaﬁﬁﬂfep&é@& glicé Mohet MBstsecond

pass through the liquid crystal sandwi ch results in a |loss of at |east 30%

of t¥e posspighificansppbipmppograliyasisrrediy aa “parialax’p pemirebroansciba rficetor is
HTum nat ecIlolcla Hlb%hﬁ\ﬁ){ﬁct raclar tgalmsé allr%Yt pqzﬁg and the Irésartlip\ggr polarizer at a considerable

distance from the liquid crystal laycr. The ambient light entering the display is spatially



their performance nust be conpromised to allow illumnation by an internal
li ght when the anmbient light is insufficient. The typical metd9d¥aY &0Q | ow
for internal illumnation is to use a partially transm ssive reflector, or
transflector, behind the liquid crystal panel so that sone |ight can be

i ntroduced to the display by a light soutce in back of the 25 panel . O
course, the brightness in the reflective node is reduced by the fraction of
anbient light that is transmtted through this transflector. and the anount
of illumnation required to adequately light the display fromthe back nust
be i ncr easedmbdulatd bethetligaid dregudl layet tocfotmd pherk of lightaad datkrateas hetdithe
transflector. Alternate nethods have been proposed to elimnate the

par al | ax pr olight impinesoURATLihe fear irellegharn A fca refgcsionthe dight passes theguehcthg st a
di spl ,
30.540, i 5 (i RhraeRcAiRE R BS airdteih ind BILARMSaRUY Rouded Mgt o

that only reﬁnttertﬁsdxaplasahsaddrmny fifuntifgted bdWieted et dﬁlthban@lb§wltayespcct28 May
2003 -4 Since the rear polarizes is not required, the rear | ector can be

| ocat &d on tthe disphyrsusfaes, dheinges farmedahy theawp@ﬁ%qqtlhrppah éhq hquldm‘@cﬁtaét e
proximty to tcri‘\?vxc'h &%Hergllgdg %faéntl %(/e rﬁ.\@ %c? a gghlﬁlot{m g’f gll ' ?Wgﬁiaﬁg 1tshe

paral | ax pro%lf] S usi ng

contrast, wigen by e WewanGider nfoaséonaﬁmgnsﬂthoagﬁ PR IfaYe %(@lr@nﬁy
rendition provided by twisted nematic liquid crystal display devices. In

addi tion, thassepteld dpr loys restuion dieplayd swdhnagt s rused timgroitablk phivses thé

anbi ent Iight izﬂins ffl ient. SE]I | | .anot her ;rethod i s the Pol

Di spersed Li (Q5sy QP eﬂog‘ﬁp% PISTHBt thf, TGy AR MIPIRHTY P&’i“iétzﬁr of ayer

itselif, funct :

pol arllbzer S odrrﬂgégtglgua@g?l Iga %ﬁ&@%ﬁéﬁz{tﬁ%ﬁ{d cﬁdﬁ% b Prrdz% %g%lb %1? ?[grgglgt E@chg? léntl al
for to high dissgh digplays ghtiglesdorntanien BBhsByrapglicatioss,hsugh ad kdpvtep coimpages and

conpl ex drive waveforns that are not conpatible with current drive circuit
technology. There is still no alternati ve vvhi ch provides the high inmge

contrast, wde V' ('ﬂﬂtl kn%glefn?@/fth El‘f'r? f"ﬂ%nﬁ@ﬂ?@d R)Vlgtfngéesrﬁzﬁ le urlcf y

rendition provid ytvms nematlc cr st di's ,
woul d_ be desdry:ahilcbs;ﬂa}/sdmheladqhuanaimsb@ﬂbflghitnd%alhatIogcuM; e oasbsdrpéon ikdhé n t he
di spl ay while preserving the advantages of the tw sted nematic |iquid
crystial di splinepr pedgrizest thaipthal ispruldipet beg nsgkdem ovith thenrstie pe ﬁ@zefr&h@gou ng

di sadvant ageg, iR heY, r%‘gﬁﬁ%fg&arﬁxﬁ’on @ﬂ{l@@sof’mr&ﬁﬁ)f quu% St ngloﬂﬂ% BhrizZYnCh

attenpts to 1 nprove a um na nema cryst aI

di spl ays by HG@@\F@OE:&Hrhﬂglua:av\/lproﬁrgéﬂsdoxﬂg) redshec 858 opOlesy of ahe Vplréfbtredt he
twisted nematic liquid crystal device. The wire grid reflects |i

pol ari zed aIRﬂK?jl?taH@“I g %Ml@%lf abspptign [dasing 4hg) seGond PHIsy g“'l)‘i*&jh'chcgfqlt'%e
th | t hi
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functpons as the A &ififd ProbR aoﬁsama*p‘snamsnﬂﬁ@mécanqmeay@m @isplagdeviass ik gt r ear
electrical contact to the Liquid crystal 25 |ayer. Despite an?/l advant ages

obt ai ned, Héelab@r\ﬁyn@ewx@est\hasorpprlonqultyal@@sdNnbé@mnchya@p@tﬁ@@ esht whem

anbi ent Ilg t roy ve dgvi ce .does not
offera sof diaPBCtSRTsh oins PRI atolToP PR P ERPRY ough
the wire griidtd @khpaitialf tRRINAELIVASNI¥AOL, 65 tradisflEdISy, BaiiRd the NiQuidRAyistAA P&l bi ng
or attenuating the 30 Iight fromthe source behi nd the panel . Note that

backl i ght's f:@rthhu mmedhghtygnable inraghiced & dealispjgi dald lyghtcsnmcexn bptki ofdthe
SYSU oS, dosianet b SaBt W Ae L At LLAM NG, of, mEre LM gud dhoprs bt
ambient light that is transmitted through this transflector. and the amount of
illumination required to adequately light the display from the back must be increased
to offset the light reflected back to the source by the transflector.
Alternate methods have been proposed to eliminate the parallax problem in
30 ambient illuminated twisted nematic liquid crystal displays. One method, as described
in U.S. patents 4,492,432 and 5,139,340, is to utilize an alternate liquid crystal

clectro-optical effect that only requires a polarizer on the front sidc of the display.



backl i ghts commonly include conponents such as |ight guides, diffusers, and
refl ectors. Thus, unless the ambient light transmtted througt® Mae20P3 e
grid polarizer is substantially absorbed, some portion of this light wll
reflect fromthe backlight conponents and pass back through the display
device, thus lowering the display 5 confrast. Therefore, a display device
as described by Ginberg would require a conprom se between contrast ratio
in the anbient-1it node of operation and brightness in the back-lit node.

Qther refl eoSihé’@thE%zﬁ?o?a‘?irzext RGP REEEShE VL rOfRBrdaN Bk (P&ﬁ%fd_ amntgk %ﬁiﬁpghe

chol esteric polarizers and nultilayer birefringent polyner tilns.

future) thesarfae ofthescaofransphteacplatedn pohediateproxmaiyy toaheiEquid witshal tayki. qui d
crystal devi in a ner .that elinm nates the parallax problem  but there
still exist s\i’gﬁﬁégampgﬁgaﬁww&%b%aarsw ReAblem, | dithipsEd is gregipdrdozpot
overcones t i) e npi i R rf nt ages
of the tai sttsanas i Al GbAsE Mo v &yRERRRR, Bl sholfe P S JERLEGy 3P

exi sts a neadnditibn prodidet byoa et lighidwiy sta deghladdvices. In addition, these
internally-illumnated 15 display. ' Therefore, it would be advantageous to

devel op a | idisnlayscapratde idpmamated faqsm Hiechagk whien fthe arabieetdigh isdnswficient woul d
al so be advanta t evel o 4 quid srystal.displa ar at abl e
of high bright ngggﬂgzbneo(rﬁg? f%eﬁh%ﬂts ﬁleel?(? e B} TR LHUI'JJ?]W%?? ﬁgsgfag dflﬁ[‘&zpnal

er a rrnt
i |1 um nati orn wHiéthietliqaRngry Al ISy érdest EukhitioRs aya aiise adflectod, ednighdiliehe Mode
of operation. 29 May 2003 -6 OBJECTS AND SUMVARY OF THE | NVENTI It is

an obj ect ofneedéorpadarizgrs arrpsspanaterreflecton oWhde this meghadob feary e glotegitiglpiony
appar at us i.ch ,can he.efficiently illumnated,by avail abl e anbjent. | ight
o Ehdbe par el rishinest JfR Pt g reatiffed Pishhrtys BBiee R afibrish drise |
provide a | iGiieforhistRitate @ta&hﬁyﬁm@%ﬁ%%m 1@*&;&@@@&&{&  CIHRRY ik Wit
illum nated by avail abl e anbient Iight, or efficiently 11[Um nated by an
i nt ernal sourccalterhaivet whichngoendes ithd bighneagencdngrasty swiflé iviéveing . anglee d&st and
ot her objects and adyant ages of inven lized in a

he pr.esent .i tion.arc re
di spl ay  appdFSRss AB STepRaTY Al Fralitn PLRYife bY bHeted nemat PAWA arstalnbi ent

| i ght sour cey; n C{eal [ :ABle th | t | bl e
i mge Vi si bledelﬁell%ﬁa C\??ag\%f ntg (gg(ii [e)ﬂ?gsil[?olr? ,tbﬁﬂ%ﬁgﬁeﬁﬁ)&@%@aﬁlggﬁﬁ h?f’)ﬁignlakght

f romigi t her isdbe desplaywibite prepolmgi the ddvantagenpf e olistedoteatic Bguidsnisali ng
ort hogonal ;gg@onents such as first and second pol ari zati ons. The displ ay

apparatus h i rst polarizes for polarizing the light so that |ight

havi ng nostly on j i rd LN, j.ist ~5
ot ar  zes.  Thus, Qe firdcih @F 2R b el BPART Al HhdialdsTE
absorb a seqooddpdimtis Fatedin 4,688,807 ctodikibeay, wiioh raattmptshasmargve laatbienat | on
altering mea,gs, _rag‘%)on_si ve to applied electric fields, disposed behind the
first pol ari'B@inagd Swsted: pematie Unvid qrrgiak Aisplsys 4 serrorRtRg; @IS BBA of
the Loht Tremane Rkde! 4Ehliheabi S0 ALAAR: B R RdhRE ATHEY KO RO
orientation as It passes through the polarization altering neans. e

pol ari zat i orefitdte tighgpotedzes atenyg He lang aysrofothe Iwiees, dnd irgsdndiks Yighteofitae |
sandwi ched between transparent plates. 1'hc display apparatus has a second
pol ari zes di¥pesewr! pelirizetiam el hsdransmptiod light mustbs aRsorhed athimer behindthe | i ght
of nostly o I i or | i th . . izes and
et lecti ng 1THE BovicAbafval b AlclonR dGRMR Th e RrT iRt Pl M Ll

the pol ari zgiolartreslas aspeomldareesi@shd dsrthé rqapbirétricRiScontdtoIRE Ngwld RBJsail | ses
is preferably disposed i medi ately adjacent, or in contact with, the
pol aRb zati ol@¥it eri ng neans to prevent parallax. In accordance with one

aspect of the pr eﬁ@ﬁﬁtc 'aW ?&Iah&&es (gbt?zﬂnéf ?l?enaq)ogg héaJléeZ\%% primarily described for

operation with ambient light. Although a backlight was provided, the above device
does not offer a solution as to how to absorb the ambient light transmitted through the
wire grid reflective polarizer while, at the same time, not absorbing or attenuating the
30 light from the source behind the panel. Note that backlights for liquid crystal displays
are typically complex optical systems designed to capture the light from onc or more

lamps and distribute the light uniformly over the surface of the display. These



30 advant ageously has a generally parallel arrangenent of thiun, elon%ated
el ements. The el ongated el enents interact with el ectromagneti of the
light to generally (i) transmt |ight having a polarization orientation
perpendicular to the elements. acid {ii 29 May 2003 reflect light having
a polarization orientation parallel with the elenents. The second pol ari zes
advant ageously may be a wire grid polarizes. The display apparatus al so has
a light source disposed behind the second pol arizes for produci ng and
directing light towards the second polarizes. This light 5 source wl|

typically b i i ] . - ' enent s
steh as 11 gRPodERGsBRidlly Relallbm Sl e it gE Mg b Eeeistin o
provide uni fIpug uhlesyritataindenoVigtht t fignstifté®Rrohh tthe Wire Pa@y pomitibr isTho

di spl ay appar atus_advant ageously has an absorbi ng neans di sposed between
the second pubsintially abserbediesomeypertiogefcthis fighwill eeflecherimithe dreklighency in

both the to anbien&- ion witho
OQnents

Lit and back-1i des ,of .oper t .
conprom Si nﬁortnﬁe dl 6%‘% r‘?%ssssbaocf‘l %’f)orﬂg?’atgg cﬁ?ﬁl?yo d8¥'°‘f’ﬂt§u%il%‘ﬁr§§g #ﬁ (prtlﬂ'er
nmode,s t he aksmkdat. "PhdreRAG @H%Eﬁl?t Be i agrdeis@iBed! by UridbRES Sbuly rédufe SECONd
polarizes fromreflecting back through the display, but does not attenuate
the |ight g&p@peneige b&)waeﬁecanrgmratguurth@mbnnmal@tomcém@eewwmamlgém@di ment
of the presenh %pwg&;iog t he absorbing 15 neans conprises a third |inear
pol ari zes any'ls BaKIIMOEot ardation plate. The second pol ari zes and t he
third polarizes iReOkdROLRY pMdriveF @af0lodi® ARG Bt NRNveRPed, hitfelddlty thi rd
pol ari zes passes |light having the sanme polarization orientation as |1 ght
passed by t kkholsgeninpolpttas axdkmuttdayrs biFfringehdpalpmer fibnar bhath dutugel tiese | s

B
as a i r cul RinRlA HiePaal @ RROSIEMA L LhERt sILERBE! £k B hCinigbicaces, of

the |ight source or other conponents at the rear o isplay.” I'n

accor dance aimblenailbirhiaateédispldy thaneveodomdsehqypaeal baxtpro biera mthille mairt@ieinglittseor bi ng
means advant ageously may co [ se .a sheet .of material which sorhs |ight
and whi ch i @efg%fﬁwa P&’/Vf’&fagﬁ%n@éhe asg é‘ﬁmt’-‘H%ng?&W&tagsff%i i%@‘?‘ﬁ%hg‘e%d t he
| i ght source;; Vianid : C et i when
tha. di apl ay Tk a4 Ba Eor O O e Rt
al | ow oper adisptaywi th infernal illum nation. The various conponents may be
configured with respect to one another in various conbinations. The first
pol ari zes may pad&crefyrt ithwouldgbersdyastageous rtat dgyslonr 2 Ataud srystal ehisplayi on.
The pol ari zaj | R | Chil VvV er | I he
first polar Iﬁéiﬁ?{ﬂg%%ﬁ lléaﬁ‘?cactgﬁ) %ﬂ‘ﬁlta gagt glgg@n%&’pg% é?‘%é% F%‘Jr? tg?fcg%? B ﬁ@ﬁ“"t The
second pol achzes displaypgsardtisgtipableve frigghisighihebhepdratici wixhl dthez ainbient
orientation_and reflect light having npstly the second pol ari zati on,

Al t er nat i Veply{mmg@pnsgbgﬁgn 01|llgmuiaé|§m,~rwh95 gompromising the display contrast in

20 cither mode of operation.



29 May 2003 -g_light having; nostly the second polarization orientation
and reflect light having nostly the first orientation. The tR%MapdP&Ei zes,
where used, passes light of the same polarization orientation as that
passed by the second pol ari zes. Consider first the case where the first and
second |linear polarizers are oriented 5%to pass light of the first

pol ari zation orientation. In the absence of an electric field, anbient
light transmitted by the Frst polarizes will be reoriented by the |liquid

crystal layer to be reflected by the second polarizes such that the display
appears bright to th@%&@?\se@NEWMRYIQEFRH@@N@&T%M he i nternal

1 gnt. source andytik ansiiéd ot hOGAEH HGERCATMORRIA {EER L3ubeaRpaD ed DY

the liquid crystal Iae to be or bed first rizes such that
t he di spl ayapparammﬁwhtbht@ntHibeeﬂﬁlteﬁﬂytalllllrmr@&:ﬁdfyaﬁ‘ﬁdlablegd?ﬁbleﬂ'hught whkowudi spl ay

operates in the "normally white" node under anbient illum nation and in the
"normal |y dearadtaxapde with internal illum nati on The converse will be true
if the second po fl.ec h tlon

i retti on tr anemtat Sy oBal bE BRbR AEAF torplolitl i BFnBR! HhP g

contr ast cadppbeummemsa@tte@fmﬂﬂlytlﬂﬁmngte%ytahﬁlme@hbteﬂwugm ok eﬁt‘@tesn@ppl i ed
to the display. The liquid crystal layer is divided into a EI urality of

pi cture el ehgptratohbyan @pen%ttseurcmélsemfewblwvl@retrtanem isgguHicieple
pot ari Zaf“ on ori ﬁms?E}n(ﬁ&h robﬂ (,?s dﬁala‘/ant%écs%ﬂtg é)é%sggt tg?én {onza?ct szcd in

orientation of t ER roughtna accor'dance Wi th
anot her aSp@GEEny ztﬁperanrset%e@tlettmgnmampulatlhg lighs Bloay eiftebr it AgierSlighthas a
control neans 20 for selectively activating the picture elenments to form
t he 1dlesi r edsotirespdmgn assagjated Ttltemabhghtcsbumam pravimse atvisiblggmagewvisiielesa of |

oper ati on, |nclud|n an a ht node ackl ht nmode. The
d:ospl ay al sHCWHEAE ‘&tﬂ}s{@“ﬁ‘agc tacﬁo?rteahg ?‘86‘ eﬁgSOB'é:Fv%@h b he

anbi ent |1 glHpofReB2F al 8BENIRIGDcQhs KdVen CRIBbE O al BERPShent StRasaIG a8k hET
obj ects) features, advant ages and al tern[’tl ve aspects of the 25 present
i nvention wcbmndaetdmuampéﬂerdtsntay atphars@s hksdﬂired)qlammh&)raptarltmgmhdlght
consi der ati on, of Fe foll ow ng det ﬂfg descrl tion takg_rll i-nation

wi th the actolBbiehhlrHeoRiE one polrigationitratiion i aare heaRetiier it

DRAY NGS FI (alagizdr S TRuE RS first %Gfah%]ﬁhaysﬁzﬁ@ertgtoYdr?i%lm afd B3k M8&Bnd
reflective/transm ssive twisted nematic |iquid crystal display apparatus in
accordance mlmmzalme preferred enmbodi nent of the present invention. 5 FIG 2
is a cross sectl schematic view i{f a.du node refl ectiveltransm ssive

twi sted nematic | F GiiRfay ppRaratis hgsago, '%b%‘é?aléi’t”t% 't“?f‘“é»c‘&ﬂ’r"é}é‘ﬁﬁe" ¥Risd anot her
preferred enbedi Meit, di¥poldd®eRing R/ Hrst pOMERL 1B selcclifly af hép &&%asnermt' c
views of a dual node ref l ecti ve/transm ssive tw st eé nena 1 quid crystal
di spl ay appanataien of decbghiafice et holtuhmtqonefr&ntaenbnembmﬁtlmmolarmubnt he

present inveption. FIGS. 5 a e schematic views of dual, node
ref P&ct i ve/ R ANSE) wafwﬁr@aghibﬁam &“Wtﬁfﬂlaccﬁ‘eﬁt‘%ét‘%lﬂsdi | RRJ2EEAHAR at us i n

accordance | 29
Vay 2003 - (e rRs R B TR R R R iens £
nmade to thepldeaw ngs in vvh| ch the various elenents of the present invention
wilt be given nunerical designations and in which the invention 5 will be
di scussed so as 1bc éialpy épme%kasm weondpalprizepdispessd bakiad dbripalaizating

i nvention. r r t ik Wil be
descri bed Vél{eﬁn?lkqﬁéanrs q‘Oll ézgsgﬁtﬁg l?g;h? og Iﬂﬁ)g{wifb?tg Faalg{it d;SA*Snér{Eé{tf& th 5‘1%1 the
However, assedbhd p@l@ﬁ@f&nap@mcang lighosh moftgadtott&r@Bldrh@ucﬁp@mxtmmwaen t he
invention is by no nmeans |imted to use with such a display, and may be
appr opr i at ghipugdehe wphﬁmllmlt@n@smw agd §p1t aplariget. hbhe Sacaid polarigerds w. th
tw st angl es d rat ed

appar at us, TRGFUAY o g aBaTSatitor abfoniatt Sliny BranReiiat W REght
fromeit herm@f[},sqmg;gt“ pdrfllx. source 17 or an associated internal |ight
source 21 to produce an inage visible at a viewing orientation defining a
front. Preferabl I adcheladéecspithyoneppecas Uithe JBesest iaventan, thedecond polarizer

reflective/transm SSI ve tw ste nematl c liquid crystal display. 15 The
di spf ay apdvariagequsiyiss aaecbeplix pyalls! 6[‘[3%"(“&“!% thire gloneatsd eleaentst iThe| y

altering t j t 0 tion
ori ont aci orcieBUELHERLhE kL ol Wloftaghdlf, idRior REMRIE RRLAIL TR, | 70 g1
t he pol ari zZgdosaiit kglitdaving arppiinzatidty @icatatidhperpehdicplal arthe alenetsahiide(ii) ng
nmeans is a liquid crystal layer 11 sandw ched between a first transparent
plate 12 and a second transparent plate 13. A 20 first transparent

el ectrode layer 14 is deposited on the surface of the first transparent
pI ate I2 adj acent the |IC]UId crystal materlal I 1. A second eI ectrode |s

o Y " o S T o, A~ —— -



25 By suitable treatnment of the surfaces of the transparent 2%3%;5%%§ and
13, the nolecules of the liquid crystal materi al can be % lign
parallel to the surface of the plates 12 and 13 and in a preferred
direction. Such methods and treatnents are well known to those skilled in
the art. In a twisted nematic |liquid ct@StaI di spl ay, the transparent
plates 12 and | 3 are oriented such that the preferred direction of the
liquid 30 crystal on plate 12 is orthogonal to the orientation of the
liquid cry tdi ct in
the |iqui dslrg?&g? @Pp %@}gﬁ’lag@trﬁp Q’rrkg[:aaxeh&}Ja l%te%'leji |°Js]&e l&ec?ﬁgse%éfgcrr bed
by Fergasorpo(lidszradRahagémﬁlyﬁﬁéy BBﬁ)wnre griﬂ&:dl&jze2003 -11 The tw sted nematic
liquid crystal | yer 11 isS one exa ? pol arjzation altering ans. It
i s understood chhie display@pparatug alsge ect.lgét §°‘§F? dspaspd: brhipdthe $£apd on
orientatio o] r
pol ari zat i (r;b oq%r}%eggc%r trr&if)urtc"{rﬁra@mb(gpe&ggg,l trillntc%;’lwlild(g ﬁé‘gf“ %‘r%rﬂgj}o 2 gI T Ci '? ropi c
liqusd cr ysstmtcelmj/l&yprczﬂlyﬁm:odimpéchytzalpgmeaﬁm ah0 oheasr motd dipltcapaéxaentzes
means for polarizing the |light so that t having npstly one pol ari zati on
ori ent at i orsUcBaglightudes, terﬂ@a'grﬁ p%@lrheﬁetar%d iffpsessas npgded §0 POV R BRRYIY | t he
first polar. t r polarizes 16 positioned

P 'uﬁﬁﬁna{t‘aﬂ%&ﬂ tﬁe?&} ﬁ@%g Bdés\i)ga t;}}a’&?ﬁ PO’ 1o P

between the 1irs I"as's e anbient |ight source 17 and a
viewer i 8 so thﬁl’k(ﬁﬁﬂ%\)ﬂdpﬁhkttdnsﬁd\%ﬁﬁa@l.ods@l}lﬁﬁarﬂab%oﬂbﬁtgdh@ﬂ@&@ﬁo%ﬂbttﬂ@cﬁ he
first polarizes 16. An to absorptive |inear polarizes is one exanple of a
pol ari zes ribapecondnglarieeraad thsylight pewrre iTagchigue magmu@@ffiqmm lip th thavi ng
nostly one 0 t e ay
bPALA AN B2l LA SO el iR RBE PR RBRE e YR eS8

apparatus 1 has a se es neans pose iquid

crystal | aysntrast rity ofRR& Sispgly iri atrtcr fodeMmbé hbsofiRy RRhY prévdntPie ambRit at i on
through is the second polarizing means, and reflecting light of nostly

anot her pollight E&'tsfid)h}’ teiseqond polanizeydedn tdfkol!@gtbachéhﬂouqlutm daspjast, hut dogyer 1 |

. Preferabl pol ar j is areflective polarizes 15.
Copendi ng dy ale] %‘ﬁ%PFtﬁWNBaEé%WéHE%aﬁ&ngFoses various enbodi ments of a
reflective pol arrnZaesox%Vdcc\emaaﬂe embb@RRhof MeQreRhakRentn, td BBk 20 The
second pol arizes means or the reflective polarizes 15 is preferably a wire
gri ¢ pol ar unertns cvmprmsrzethgd|lmepqt0éarrzzealdrmts’< wavggnerdiltiby ppde.alhesecond
arrangenent ated ele .Jhe el enents ovi di ng neaps for

i nteracti ngP rfzrqr %‘]déh‘f %HH&&#‘I g?rérwrpgge%dytlnrﬁépqctt@ﬁpc?% tb‘érﬁBﬂEtﬁVﬂt‘F nsni t

l'i ght havr Bﬂ)lzﬁdé%@s‘éészﬁéﬂt%w% g daald RtarPaliBg BAE G astl‘?gﬂtgﬁsfeh%ﬁﬂé s, and

refl ect ht having a polarization orientation parall el t he
el ement s Teeeomd padariper dtepmd a"icz'éswavs retarlatiua plakeis alispasaelodwderpthl dlrird e s

nmeans. An ans for n ht . of st olarization orientation
s ot 1 oviatver yrnOR 5ol B Rt e o e o sREy pe
usegy As i nglhGRes e’é%\{@auom@ac‘?:fcbl%ﬁbbl}{ﬁze‘?% %éo?ﬁn}lﬁ%rgﬁ)!ﬂ&‘%‘ecﬁh&ﬁttﬁ Ca: l'y

conductive, 30 or nay be coated wth a transparent ‘conductor, so t

may act as subiacesgdolrdight scdrcodeothdifontpoanspar taateaebfdierdispdayl. ayer |4 or the
reflective polarjzes 15 nay be patterned and divided into conductive
sections that defiaReor fﬂr@eprﬂétaa? crirabdimentof thepeesentagvaptionothpabsontyngyi sp| ay

and provi d%{i’aor it ggE;usngnﬁfEér}{gr.&%%hé&gﬂng{}ngf wﬁcﬁ%srotﬁs l%a?%{ﬁiswﬁn those

el enents to I spl'ay appar at us as a light

emtting nﬁart&ndvabgoaepbsbebumm e se@indgoldrizer Pehmrandake fifhtfsotrcpr THEICI NY
and directing light towards the reflective polarizes 5 15. The |ight

em 2%i ng meshiet mtgeccatngv g et eecfieptiansruhen theudisplay ilpepersiedcwitinl.  As
descri bed abgv nat i,on sourc ght

o et e an i Rigplios Bhly Sl RS e APSka R TRt s RlipBiane o o1

pri sm sheets) anpttédwtrtd.n%ﬁ\paﬁem@ﬁd?obet&nngerwdwwésfpeartbl drleldHonRE PN over
the surface of the display panel. Inh addition, the display apparatus 10

advant ageousiripui aembmatibsor bBi twgﬁrseemtanzer noyf pass alb}hb rhalvrtg tm’ell)r |agﬁtst passed

by the secon ol.ari zes 15. bsorbing neans 19 is ed h|nd t he
sgcond pol ARt ERtgs offa - i pRRaEAo 3o nsanssak sEHETEIC SHel THF ar | 2es

gnd the t'rdr% m{ﬁo‘i’ iz208% 6fentation éolﬁ@coﬂgﬁﬂaﬂm%nﬁﬁﬂﬁnbﬁ irfle SRBid 9ur ed
to prevent anbi ent t transmtte rough the second ari zes 15 from
reflecting ﬂm::rkzetimappghhghldtadmgphc&ylyd&\ﬂretepotrﬁrtzbmxtommkmtoarahd edfleyt lighduci ng
the brightness of the display ~5 when the internal |IIum natron source 21

i s enpl oyedavmeanosty the geqorlérpeerlaatmf'ef@nre%ﬂvehb&ﬁ seeond polagiEs mayeAss i on.

The absorbi ng neans 19 preferably conprises a third polarizes neans for
polarizing light so that nostly light of one polarization passes through
the third polarizes neans while |ight of another polarization orientation
IS absor bed The thr rd poI ar| zr ng nmeans | s pr ef er abI y 20 a I | near poI ar| zes

~ ~ o o o o r



29 May 2003 -13 reorienting the polarization orientation of the |light so
that any |ight passing through the third polarizes 23 and refdSday AP f
the illum nation source 21 is absorbed. The third polarizes 23 and the
guarter wave retardation plate 25 are one exanple of an absorbi ng neans.
Any means for absorbing |ight passed by®the second polarizes 5 15 which may
be refl ected back through the second pol arizes 15 may be used. The

pol ari zes conponents may be oriented in various ways consistent with the
obj ecti ves h i (4. , k1 (1 | 6,

t he reerctﬁ&%&gﬁ?g ygggyg%fmgﬁgqﬁﬁgéggﬁbn gﬁ@@?BP?eg%ﬁg@gﬁﬁgég"géﬂgay be
ori ented to the dnstmotiedtatght  Viihe nthirbepadarizee,t whereofisefdplpadseg dighoof ohid emhed
paral lehto the liquid crystal nolecules at the to_ i m-er surface of

t ranspar ent Rolagizatiam origwatign asibatpassed by the secprd peJarizari on of the di splay 10
under anbient illxm [ [ S..Ldd t I 3 . r rent
pl at es are not shgévaqs,ﬂ@éﬁgﬁtt%é: aH ‘aﬁ%ghger@gi %‘d%egé/"gl"}cgr 55 g?ﬂise}t%r)zg{: 8@%2& WO

pi ctuse el enBrass lighdifekd Akt bylariegioansiicatitidand [B3he ¥htefde &N &AL fidld,
plurality of picture elenents. The_picture el enments are shown adjacent one
15 anot her fasabigntdighsranssmitted by, dherfist polarizenwdll be reorisotedrtiyAhe ligwid artseali ng
means, or the, liqui I I, layer, 1%. .is diVvi iLnto a plurali f

pi cture el eg%#trsl? H% a%f%@\tk’ﬂi“é %(r?r‘ed ‘i)?]l?rbzsetr ‘é(ihethgelgﬂglsﬁ%&aﬂ& rsetfr@rkr‘ré% tg‘e
operat e i ndefteadent Hywéwr dighpemnitldttythd eerRfll1ht ZRlrtOMmOEARRi@di tRdugh t he
light, or to allow the polarization orientation of the light to pass

t hr ough unaftheg¢cedd polerirer is teorigiyed hy thediquichcrapipl laper to bk abspebed: Hyeth figsti d

crystal material is in.i rel axed state, jndicated by regj.on : i ent
1 gm0 i nai doipes Sucspine] GelGRRfRTR cbidlern ALENTRD ereck SRR, s B8’ 't
a first oriefifhy fbratedfi hatfstntany ¥hidn thRRIAES dSiehd ifllhGhaGbY 3hdin thayer

| 1. The twist in the orientation of the liquid crystal nolecul es causes the

pol ari zat i ori‘nesoalty dayk™ tede Mihatetral Blimiostained The aosersmedilbbd @mt Htthon,

indicated by Y, as 25 the light ses , through the.liquid crystal er,

such tha rectndiidiazer forenidie BETian) of G dolayention diectiod iaied B on
vector orienhedrapolafidet. 'k felerbA of AidiRfake BorftfaMdniR: dofipefsatddvsy z@(éhﬂlgli Z€s
15. The reflected light is again tw sted upon transm ssion thrdugh the

| i quitd crysttht phaldnvesiginls fpplied to hasisptayt hr ough the pol arizes 1 Gto the
viewer, as indicated.at. 32. Thus, .reqgi .29 and qther. areas, or pixels of
the display with he B‘b‘ﬂﬂicéycf‘alﬂ%f i5 Gvlgd ity aplgratiy QBBéCé‘FCGH"&HE e, a
voltage is apRldethdepéntRRily Id\Gihr ARSRRY Folhrikish briefGadd oA 1iahe of Blidwect i ve
pol arizes 15, the liquid crystal nolecules rotate towards alignment with
the 29 Mayth2poBrizdiibnairieatative of the light te passahiough ynaffdcwids i agrotdaecamwitkcul ar

orientation, indicated regi an 33. | 8 t hi e\éent, ag%[]i ﬁnt | ‘(_ghl'ém
transmtted 3RFBEEIPCEERE 1Y RrengrHitiosd °E’L'(§Pf§‘¥§ WIREEPERIY AR NP JuFass
crystal |ay s ] fol for i : B A hAal |
Certal! Ty for feldoitlel Mo ARGl Lol B Tor the Hesh RFARARP I AR! THE g
wi t h m ni nmal coabrebmpdrishas at3easttve rhodgh bf oprationcintuding anaheyiért Bghtupalte and

transm ssion through the ,guar,ter wave plate 25. Sone portion_of this |ight
will be ref|&backHehtBads ndhedisplay glsoadvantageoysly has switgh mnans for syitghiget he

sur f aces of e L) @Dl B Ay 2ha bALIGH: FBILEG 0P iSndghOt Wi I1 pass back

t hrough the wave plate e conver Into I'inear polarization with

the polarization Bidse and idieg @bjdcts, featlred, adesmasindpaepdativeaspdts offts, t he
reflected light, indicated at 34, to will be absorbed in the polarizes 23,
and ©he por tPresest wventinn wilkheceme appaiend fo theopt skalliedeindhe ait &rom atagsidpratiopppear

dark. Referr| to, Fl G 1 he, operation of the.displa under i nterna
11 i nat ot el 16 eualed SRR RorCin Sl bt fiinabe S0 G nahBiE, .
one pol ari zaga@hest | | be absorbed by the polarizes 23, and the orthogona
pol ari zation, indicated as X) wll be is transmtted through both pol arizes
23 and the reflective polarizes 15. Wth no voltage applied to the liquid
crystal layer, indicated by region 29, the direction of polarization of the
light will be rotated upon transm ssion through the liquid crystal |ayer,
such that the light is absorbed in polarizes 16, indicated at 36. Thus, the
areas of the display without an applied voltage wll appear dark. Wth a
voltage applied to the liquid crystal 20 |ayer, indicated by region 33, the
pol ari zation of the light is not rotated, and the light is transmtted

t hrough polarizes 16 to the viewer, indicated at 38. The third polarizes 23
and quarter wave plate 25 advantageously function to absorb anbient |ight
transmtted through the reflective polarizes 15, and thus maintain the high
contrast ratio of the display in the anbient-lit node, w thout conprom sing
the 25 brightness of the display in the back-lit node. Note that the



| o the.display 10 has control neans for selectively actrvatrB th |cture
el ements to formthe desired display i mage. The control meang %&V
controller 40 that generates pixel drive signals to drive the drsplay The
controller 40 has at | east two nodes of operation, including an anbient

|l i ght node and a backli ght node. Additﬂ%hally, t he di splay apparatus al so
may have a switch neans for switching between the anbient |ight 15 and
backl i ght nodes. The switch nmeans may be a switch 42 for applying power to
t he backlight and sw tchi and backl i ght nodes
of the control neans. Pr ep%ézgf‘l\;ﬁ%& B?O?Fﬁ%ﬁ%wlgﬁr ovi des drive signals
Lo sel ect picturEiGl &mRAdss sédiohlclmiitie View btualmeee rBfledthRltrdnbisdivep! ay
apparatus 10 operates in a nornmally white node. In addition, the controller
40 prefer abwst%\nemgecs ligwd erysiek displapfapparatysi it asperdancee Withenesprgfireed
receive driy n in the bac ht node, however, so that the

appear ance eb‘%dn'g %r gfe yreser%mveﬂlﬁ Ai ns the sanme between the anmbi ent and
backki ght nodes. Fid. 2 $u@ddsd s@liidfalkehemitRdidwata duAPmEESeNENRE/ tFkmissRes hi p
between the liquid crystal 25 nolecule orientation and that of the three
pol ari zers twistcdreematmiicax}d trystabdisplay appargtup ossicbidancs wigh anothenpreferred
orientation exanpl e, the. display device can al so be designed to
operate\MthWQéP$?t ResFef Wvertififecul e ori entation orthogonal to that of
the first absor pgigses Rﬁ|4aarré &hemdd Viah{ioa dulififodd kAR Mahlintlige sl

pol ari zes, with the arizers keeping the orientation descri bed.
sim | ar ef frematcdiqual Gpstddeirs;mryr appechtusyin 3ccarddrat iwith thdnprefmdreaaabodmérarr zers,
15 and 23, q, 90 degrees_ while keeping the front polarizes 16 in the

ori éft at i orPTdBSRISSHENVERIOYescri bed above, the first polarizes 16 may be
configured for pagal fithdd88chemac WBWs ofhat mdle J&ﬂ&tﬂ@/tfﬂ?ﬁﬁﬁs&v@hﬁzi‘skﬁt

pol arization orientation while the liquid crystal |ayer

confi gur ed tomaielligaid orgdtal dadplayrappamghis i aceordahee With an alrmhatwemnbanlmntm t he
second pol arj zation. ., The second pol arizer 15 nay be configured to pass

i ght havi R thoBIeFSALiMYENE9N-st pol ari zation orientation and refl ect li ght
havi ng nostly the second pol ari zation. Thus, 5 the absorbing neans 19 is
configured for absorbing |ight passed by the second pol ari zati on neans.
Alternatively, the second polarizer 1 S may be configured to pass |ight
having nostly the second polarization orientation and reflect |ight having
nostly the first polarization. Thus, the absorbing neans 19 again is
configured to absorb |ight passed by the second polarization nmeans. 1 o Any
of the known liquid crystal display backlighting nethods may be enpl oyed,
so long as care is taken to ensure that the anbient light is either
absorbed by the illum nation source or reflected wthout substantial change
in polarization. One advantage of the present invention over the prior art
is that the display provides high contrast and high efficiency in both the
reflective node with anbient is illumnation and the transm ssive node with
the internal illum nation source. In both nodes, the bright areas of the
di splay direct substantially all of one polarization of the avail able
illumnpnation light to the observer. In addition, in both nodes, the dark
areas of the display will be very dark because substantially all of the

| i ght of the undesired polarization is absorbed within the display. Thus,
there is no tradeoff between 20 efficiency in tl~e reflective node versus
efficiency in the transm ssive node, as is the case when a transflector is
used in a current display. Use of the invention can occur in a variety of
circunstances, frombright anmbient illum nation, such as sunlight, to the
conditions found on a dark night. Because of the display design, however,
conditions exist where there may not be sufficient 25 anbient |ight for
display illumnation, but the anbient |ight available will still cause
‘degradation of the display contrast~and viewability. The npst
straightforward way to address these conditions is to nake the internal
illum nation source brighter. This will increase the power requirenments of
the display, and al so render the display brighter than would be required
for other conditions. For these reasons, a dimmble |ight source in 30

whi ch the brightness of the internal |ight source can be adjusted to fit
the anmbi ent conditions will provide extra utility and ease of use.
Referring to FIGS. 5 and 6, an alternative enbodi nent of a display

appar at us, 29 May 2003 - t~ indicated generally at 600, is shown
operating in the anbient illum nation node, as shown in FIG 5, and the
internal illumnation node, as shown in FIG 6. The alternative enbodi nent
of t he drsplay 600 |s srnrlar i n nost respects to t he preferred enbodrnent

M N 1 . - 1 N~ a T I T I Y L



be a reflector | 80) either within or external to the illum 5259§$urce
21. The reflected light is converted fromthe second pol arizatio o]
circular polarization, as shown at 194, by the wave plate 184. After
reflection back towards the front of the display by the reflector 180, the
light is converted fromcircularpolarization to |linear polarization with 25
orientation X, as shown at 196. Therefore, the light is recycled and the

di splay efficiently utilizes the light, rather than discarding a portion of
the light. The sheet 610 may be an appropriately treated polyner film such
as Mylar. In addition, the sheet 610 nﬁé be wound on a roll or cylinder

coupl ed to the di spl BETHLLERIVESECRE EHaNOF (IEREANYEMNTHONf the 1ight in
the int I il 14 i de. ile the i, td d
henter . 1 Fork o 05 WL il GRELIR el SEREREELE

that the i nHeplesat ib@ntib@AileBe £i0behimérfcal BeSEnaBBROSHIRRVIsich efiyvention
nodi fications wll occur to those skilled in the art which arc 29 May

2003 - 1g wiwillibe dispussediseias taentblecmgskidiedtim éhe amiormaksrandruse the-inganpiba, whi | e

the i tion has b d ibed in t f_ a t.wisted tic |iquid
crystal displ ay hiden GRtTan HesteditS P indphigh Sl I Tt hanner s,
i ncluding digRebays twididd xzén;.mi_cqrqnﬁrcryitﬁltﬂisﬂpmy.yﬁé@évafr%evpmade@orﬁé apparent

el ectro-optical effects. It is thus intended that the invention be |inited
i n scope orfrgm byeading aptherspedficdtiannthe inved@oivig/by 00 Bnecand Hmilleditd/BsaNib i s
claimed is: 1. A displ appar atus for sel ect.i vel ] pul ati li ght from
Gl ther an_ aHEh &Py i v aeiop oy seSbu i bid el Riab s yHESL iR e 1 o
proggice a Syl Gib{HERs KRk Bl 9dlefeld CVARGUIALHERLRTA FTCRIEL Nalghidy T Ont
t he apparatus conprisfng: first polarizer neans configured for polarizing
t he |ight sapparaats, indglatedrea\0nig sbova édrlsgleotiec]p atamiputatingoliylofioantidier om i S
passed throuqﬁh tfl_e first POl arizes neans; polarization al tgri ng .neans

di sposed bettient bt sauret I hey Ay asseedaterpernpldiehs spwses 71 1 prodieedtty IRYet he

D 7L il £ HARBR oREbich ddriile, d BOM. MELPANAZ Bfop) BPAAALTS ! 0N L0
anot her polarrzation orrentation as % passes through t ofarization

al t eri ng masadpallifodeefincieitasmseive eared bingywio $igdidoepstaicdispiey. pol ari zat i on
altering nmeans foQr passing |i ﬁgt of nostly, one polarization orient ation
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pol ari zi ng dwethies palaszdiorcerivntgioned tholigbsmsdsi th@uizhehd polatizfidasd@driby t he
second pol ari zes neans; and Iight emttin g nmeans di sposed behind the
second pol dr¢asngPraderablys dee peladeationgalierinedimeaes iithg liqyHt crygolalayer d he
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pol ari zes neans has a genera _ arrangerne _
el opgat ed efigMRatsparenOsieelidiig 1aRaNS if Qpokitddesidicisfadd dinthe lfieatuaaspgmet i

waves of the light to generally (i) transmt |ight having a polarization

orientati omlmilg@m@mtmhqmd trystabmatgeink KL Asecopidiejectred¢ scdispopgghan thavi ng a

pol ari zati dlrface of the second transparent plate 13. The second electrode may be a reflective
polarizer supported on the surface of the second transparent plate 13 adjacent to the
liquid crystal layer 11, as described below.

25 By suitable treatment of the surfaces of the transparent plates 12 and 13, the
molecules of the liquid crystal material 11 can be made to align parallel to the surface
of the plates 12 and 13 and in a preferred direction. Such methods and treatments are
well known to those skilled in the art. In a twisted nematic liquid crystal display, the
transparent plates 12 and 13 are oriented such that the preferred direction of the liquid

30 crystal on plate 12 is orthogonal to the orientation of the liquid crystal on plate 13. This
orientation causes the twisted effect in the liquid crystal material in its relaxed state.

This effect is described by Fergason (U.S. Patent 3,731,986).



orientation parallel with the elenments. 25 3. The apparatus of claim1,
wherein the absorbing means conprises a third polarizes, and 2382%2303 he
second pol ari zes nmeans and the third polarizes are oriented with respect to
one another so that the third pol arizes passes |ight having the sane

pol ari zation orientation as |ight passéd-by the second pol ari zes neans.
SUBSTI TUTE SHEET ( RULE 26) 29 May 2003 -20 4. The apparatus of claim 3,
wherein the absorbing neans further conprises a '/4 wave retardation plate
di sposed between the third polarizes and the lil;ht emtting neans, 5 5. The
appar at us of cl ai Thig twigledrnematie thiguid ergstablayerr i IzZispngexamplesofcopslpgzation f or

passi ng ! ' gmer'};\ﬁ\{rilqus rf?lsstlJnﬁer%tot)h () a Orlngr iszf‘grt sie A i\%li g ér%it?ln oltantfzeatio ,
pol ari zati on Al ering neans i s con |d’ure RS ESHETY AU aFPerlng P ght
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orientation, the second polarizes neans is confiigured fur passing |ight

havi ng nost Pientaenimayshe wsantludimgdor eample abomeotronic lievideexsiahdpyer. ght
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for passing light having nostly a first polarization orrentation, the
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fromthe first.palarizati,on.orientati tg,a,second. .arizati
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having nostly the first polarization, and the absorbing neans is confil;
uredofor abadspmiting lincghpolssizardd dsy axampleebadobasizar imeass.mesysmeas for The

apparatus of .claim.l,..wherein,t absor bi neans. conpri.ses. a sheet of
mororal wnbolir ABE YR 86 el LA P o0 BSER o DsRRREY  pe
second pol afphyBSugm@ans. 2 5 8. The apparatus of claim7, further
conprising: second pol arization reorientation neans di sposed between the
second pol ari zesTthcgﬂﬂa)amatdw lIGiadsiothas as¢cond polaszarmedaos dispased beltindthe t he
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orientation back through the liquid crystal layer 11. Preferably, the second polarizer
means is a reflective polarizer 15. Copending U.S. Application No. 116,715 discloses
various embodiments of a reflective polarizer device and is herein incorporated by
reference.
20 The second polarizer means or the reflective polarizer 15 is preferably a wire
grid polarizer. The wire grid polarizer has a generally parallel arrangement of thin,
elongated elements. The elements providing means for interacting with electromagnetic
waves of the light to generally transmit light having a polarization orientation
perpendicular to the elements, and reflect light having a polarization orientation parallel
25 with the elements.
The wire grid polarizer is one example of a second polarizer means. Any means
for passing light of mostly one polarization orientation and reflecting light of mostly
another polarization orientation may be used.
As indicated above, the reflective polarizer 15 may be elcctrically conductive,
30 or may be coated with a transparent conductor, so that it may act as the second

electrode. The transparent electrode layer 14 or the reflective polarizer 15 may be

patterned and divided into conductive sections that define the picture elements of the



-21 for .reflecting |light back through the polarization reorientation neans.
9. The apparatus of claim8, wherein the second polarization 293y B3at i on
neans is a retardation plate. 5 10. The apparatus of claim1l, wherein the
pol ari zation altering neans is divided |nto a plurality of picture elenents
operating independently to either (i) alter the p~l ari~ation orientation of
the light or (ii) allow the polarization orientation of the light to pass

t I wough unaffected; and further conprising: 10 control neans for

sel ecti vel y dapldy\sat pr@ideiendans fotsele@lvemBplictib®of Qéditi¢ helddwshdsedletienp! ay

I mage, the control neans having at | east two nodes c~f operation defining
an anbi ent 10 ffimm thedisplagmmage. backl i ght node; and switch neans for switching
bet ween t he anbi des. of the cqntrol
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di spl ay apparatus operates in a normally white node; and wherein the
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t he backlight nod h that, the d|s | a ol T8 r emai.ns, t 0 sane between
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apparatus of claim 1, wherein the second polarizer neans Is a wire grid

pol ari zer. mneededlnsploayleaqn[famtlﬂLHnMMmSMeedtel suefaye ofthe disphay ipagell i ght from

ei ther an anbi en I ht sourc or an associated internal |ight source to
produce a vi si bl e, \‘)}Cé’l‘%’l%’ appargtus lé agdyanlneagushy hasap absosbing e Iy a

0y LR QP AN ST gt 50

li ght havu ndisposdd behimdah@sdcand pelarigsy IGrdrehd @hi glatel 13, lﬁ%Bad'eéd‘lﬂﬁlsgdbnﬂhe
first polarizes means; polarization al ter| ng neans di sposed behi nd the
first polar polasizerelyandsthg Hluginationjsguic 24y é? absgriipg msansahd is genfypred to

orientation pgsfveﬂtm?nlllérqriltghI et lHRJu@Fl bifeBkbd polarizer 15 from reflecting back

through the display device without substantially reducing the brightness of the display
15 when the internal illumination source 21 is employed.

FIG. 2 illustrates a preferred embodiment of the invention. The absorbing
means 19 preferably comprises a third polarizer means for polarizing light so that
mostly light of one polarization passes through the third polarizer means while light of
another polarization orientation is absorbed. The third polarizing means is preferably

20 a linear polarizer 23. Again, the third polarizing means may be any means for
polarizing the light.

In addition, the absorbing mean 19 also preferably comprises a polarization
reoricntation means for reorienting the polarization orientation of the light as the light
passed therethrough so that the polarization orientation of any light passing through the

25 third polarizer 23 and the polarization reorientation means and reflecting from the
illumination source 21 back through the polarization reorientation means is reoriented
from one polarization to another and is thus absorbed by the third polarizer 23. The
polarization reorientation means is disposed behind the third polarizer 23, or between
the third polarizer 23 and the illumination source 21. The polarization reorientation

30 means is prcferably a V4 wave retardation plate 25 affixed to the second transparent plate
13, with the retardation plate 25 disposed between the third polarizer 23 and the internal

illumination source 21. The polarization rcorientation means may be any means for



5 orientation to another polarization orientation as it passes . through the
pol ari zation altering neans; second pol ari zes neans disposedzgéﬁWﬁﬁmShe

pol ari zation altering nmeans for passing |ight of nostly one polarization
orientation through the second pol arizes neans and reflecting |ight of
nost|y another polarization orientatidd3back through 10 the pol ari zati on
altering neans and first polarizes neans, the second pol ari zes neans havi ng
a generally parallel arrangenment of thin, elongated el ements providing

means for interactipn with el ectromgnetic waves of the light to ner al
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el ements, aghd(olakizE€33 B relibdie oFRMHE NLRINBROFEIUERID 108 aBEdrBRL at | on paral | el
with the el ements; 15 absorbing nmeans di sposed behind the second pol ari zi ng

means and conf i glihetiirf polasibe@dndtheghatdrivgive rqiardatenh figte 2heresscoramplol ari zes
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pol ari zes neans behind t polfari zi ng” means configured for
pol ari zi ng | i ght Teopdladzer compbnents rydyt beadrienied ip obAsisaedyiseongaanedti the ough
the third polarjzes_neans while |ight of another polarization is absorbed,
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- orientation of thelight as t passes through the polarization
reori ent at i with theatiscgon ¢ffpatarizhBopaiiarddgatdllehtoahe Bguid ciryeml afoleanles hi thét
passi ng thr.ough t‘ge t irdagrol ari i |r2| means and pol ari zation reorientation
mearl® aci d 18] ERFH F'I"Fé’l?th t enmitting means back through the

pol ari zati on reop} h§: | hent: i i tonp to 30
another and is tﬁ%@ﬂg s%?ggg?’g@é? eZat{Oﬁi%?H%g%SﬁJgal){ E@@mﬁggﬂgehéﬂgé%ﬁlﬁﬁf SHEET
(RULE 2~1 is2Bushayed2DOBIG. 33tht tWo trdiispaepppines me nof shohai, andléhe lindidcaistlt he

pol ari zation reorjentation neans is a '/~ _wave retardation plate. 17. The

appar at us olyeq igjifystiated ety pictuie clemests, plicatad b ragienss29 and dhiwhighed f or
5 passing || i . I i i rientakl
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fronsthe fifmithedGdrpuipuats eitillestiadon.alfue)the polarizdtionlalterifomairisZattheliquid
orientation, the second polarizes neans is configured for passing |ight
havi ng nost$tystahlayes # ktisghvided jaip dopluglite of piGters eleraentas fvecef whichi aat
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configured for%gassi ng |ight having nostly a first polarization

ori ent at i onthreugh uyssffediedati on altering neans is configured for selectively
o 95100, 0, R BBkt 0 DR ERe4,
passi ng | i gQihtehiadich@d BP sdgion 291€AmBRANE:HP QhdtAtddhd 30NisYanSRitRH kiRbuditde
reflecting |ight having nostly the first polarization, and the third
pol ari zes nBeshpolagzerdifwigua fidstioprentabermrindingied by B, aphesiers thyliquid crystal
layer 11. The twist in the orientation of the liquid crystal molecules causes the
polarization vector of the light to be rotated to a second orientation, indicated by Y, as
25 the light passes through the liquid crystal layer, such that the light exits the liquid crystal
layer with the polarization vector oriented as required to be reflected {rom the reflective
polarizer 15. The reflected light is again twisted upon transmission through the liquid
crystal layer such that it passes through the polarizer 16 to the viewer, as indicated at
32. Thus, region 29 and other areas or pixels of the display with no applied electric
30 field will appear bright.
When a voltage is applicd between the transparent electrode 14 and the

reflective polarizer 15, the liquid crystal molecules rotate towards alignment with the



second pol arizes neans. 2 0 19. 'fhc apparatus of claim 14, v%erei E%(ﬁ%e
absor bi ng neans conprises: a sheet of material which absorbs '\ﬂﬁf

whi ch is rcnovably di sposed hehind the second pol ari zes nmeans. 20. The
apparatus of claim19, further conprising: 2 5 second polarization altering
means di sposed between the second pol ari*Zes means and t he l'ight emtting
means for reorienting the polarization orientation of the light as the

| i ght passed through the second pol arization reorientation neans; and

refl ect or ndadtsc diekheffedivehinmdistihg theswdendarpoicatationf indicated by rgridraBi.on
means fur reflecting |jght back through the polarization reorjentation
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pol ari zat i ofheigheiil®e trmNSitied tBiovpkl §elaBzeral9 and PI3Wkah intiMinddl aPsdhlitie
el ements operating independently to either (i) alter the polarization
ori eht at i onThs ligheis cirgwarlypolaiized uplop gransrhissipo thapughethi grarderiveaye alatodS.of t he

l'ight to pass_ tlu~ou unafl ecled; and further conprising:..control nmeans

for select ?@%‘P‘ffp%'&‘[of&gtﬂ?'ﬁ@gqt%“Ig’leé?@ercgedéjrjoéﬂg}ﬁeé‘%trg}%f%& % éheq\ggxferpéatedi spl ay
i mage, the ZORAI Bl SIPRALS dTaNd NghtabulcBa3l ARG BRERDNOTheARH Aill PAss Bhcfief i ni ng
an anbient |ight node and a backlight node; and switch nmeans for sw tching

bet ween t hethwdﬂh_ém wivegtate éﬁ@dﬁa@kmegﬂﬂd intoegar p@latimiopovithtbt pafmém_tipnza The
spparatus ol L8 2% IS LG ConLroly teans o driue sgpals o
20021, OGRS o 8 R R I IR, T
node such t¢attrit ieldwdpappyaridudlge renai ns the; sane between the anbient and
A A e O NG T T A S
appar at us Ofs ifthRafld. WheBEiRidinhfi6h SREQM R ehidyeSofEANSrafioR WHIbe Ori d
absorbed by the polarizer 23, and the orthogonal polarization, indicated as X, will be
15 transmitted through both polarizer 23 and the reflective polarizer 15. With no voltage
, applied to the liquid crystal laycr, indicated by region 29, the direction of polarization
of the light will be rotated upon transmission through the liquid crystal layer, such that
the light 1s absorbed in polarizer 16, indicated at 36. Thus, the areas of the display
without an applied voltage will appear dark. Witha voltage applied to the liquid crystal
20 laycr, indicated by region 33, the polarization of the light is not rotatcd, and the light is
transmitted through polarizer 16 to the viewer, indicated at 38.
The third polarizer 23 and quarter wave platc 25 advantageously function to
absorb ambient light transmitted through the reflective polarizer 15, and thus maintain
the high contrast ratio of the display in the ambient-lit mode, without compromising the
25 brightness of the display in the back-lit mode.
Note that the polarity of the display will be reversed when the internal light is
used. Under ambient illumination, the display appears bright in areas where no voltage
is applicd across the liquid crystal layer. With rear illumination, the display appears
dark in areas with no voltage and bright in areas where a voltage is applied. In the case
30 of simple displays such as the numeric displays used in watches, this contrast reversal

cannot be compensated because thesc displays have no provisions to apply an clectrical

field to the liquid crystal layer in the areas surrounding the digits. Thus, a typical



25 26. A display apparatus for manipulating Iight fromeither an anbient

| i ght source or an associated internal |ight source to produc?@'\daX/?Q;Q%I e

i mage visible at a vicwin g; orientation defining a front, the apparatus
conprising: first polarizes nmeans configured for polarizing the Iight so
that Iight having 3 0 nostly one pulari?ation orientation is pasacd through
the first polarir neans; SUBSTI TUTE SHEET ( RULE 26) 29 May 2003 -25 a

| ayer of liquid crystal nmaterial disposed behind the first polarizes neans
for selectively altering the polarization orientation of the |ight from one
pol ari zat i ondisplayethatgiresentstdarkauaiends opabaghtbatkgrouratindat anbiem iHemiratipasses
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passi®g t hr ahgdisplag 10 has @npol medrs €6r seRatitel @ activiakifig WR\pictiled @néitsholferin ect i ng
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means is coffigured ®or passi ng I Vi n rization
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selectively altering light fromthe ftrst polarization orientation to a
second 2 5 psriay appatalis alse meyhayq asyitchmeans fos syitchinglbtweentbeambiepdight gur ed
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means. Preferably, the controller 40 provides drive signals to select picture elements
in the ambient light modc so that the display apparatus 10 operates in a normally white
mode. In addition, the controller 40 preferably reverses the contrast of the picture
20 clements which receive drive signals in the backlight mode, however. so that the

appearance of the display image remains the same between the ambient and backlight

modes.

It should also be noted that the described relationship between the liquid crystal
25 molecule orientation and that of the three polarizers in the display is not the only
possible or practical orientation. For example, the disi)lay device can also be designed
to operate with the liquid crystal molecule orientation orthogonal to that of the first
absorptive polarizer 16 rather than aligned with the first polarizer, with the other
polarizers keeping the orientation described. A similar effect can also be achieved by
30 rotating the two rear polarizers, 15 and 23, by 90 degrees while keeping the front
polarizer 16 in the orientation described.

As described above, the first polarizer 16 may be configured for passing light
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crystal material is configured for sel egti vely altering light fromthe
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wire grid polarizer is configured for passing light having nostly 5 the
second pol ari zation orientation and reflecting |ight having nostly the
first polari - 1 LZer. g |
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25 ambient light for display tllumination, but the ambient light available will still cause

degradation of the display contrast-and viewability. The most straightforward way to
address these conditions is to make the internal illumination source brighter. This will
increase the power requirements of the display, and also render the display brighter than
would be required for other conditions. For these reasons, a dimmable light source in

30 which the brightness of the internal light source can be adjusted to fit the ambient
conditions will provide extra utility and ease of use.

Referring to FIGs. 5 and 6, an alternative embodiment of a display apparatus,
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the first polarization X, as shown at 190. The remaining light having the other
polarization orientation, for example the second polarization Y, is reflected back
towards the illumination source, as shown at 192.

15 The light reflected by the reflective polarizer 15 may be recycled (converted to
polarization orientation X and redirected towards the front of the display). The light
may be recycled by the incorporation of a second polarization reorientation means for
rcoricnting the polarization orientation, and a reflector means for reflecting light back
towards the second polarization altering means and the second polarizer 15. The

20 polarization altering means may be a— 1/4 wave plate 184 and the reflecting means may
be a reflector 180, either within or external to the illumination source 21. The reflected
light is converted from the second polarization Y to circular polarization, as shown at
194, by the wave plate 184. After reflection back towards the front of the display by the
reflector 180, the light is converted from circular polarization to linear polarization with

25 orientation X, as shown at 196. Therefore, the light is recycled and the display
efficiently utilizes the light, rather than discarding a portion of the light.

The sheet 610 may be an appropriately treated polymer film, such as Mylar. In
addition, the sheet 610 may be wound on a roll or cylinder coupled to the display to
remove the sheet from the path of the light in the internal illumination mode.

30 While the invention is disclosed and particular embodiments thereof are
described in detail, it is not intended that the invention be limited solely to these

embodiments. Many modifications will occur to those skilled in the art which arc
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light source or an associated internal light source to produce a visible image visible at a
vicwing orientation defining a front, the apparatus comprising:
first polarizer means configured for polarizing the light so that light having
mostly one polarization orientation is passed through the first polarizer means;
polarization altering mcans disposed behind the first polarizer means for
selectively altering the polarization orientation of the light from onc polarization
orientation to another polarization orientation as it passes through the polarization
altering means;
second polarizer means disposed behind the polarization altering means for
passing light of mostly one polarization orientation through the second polarizer
mecans and reflecting light of mostly another polarization orientation back through
the polarization altering means and the first polarizer means;
absorbing means disposed behind the second polarizing means and
configured for absorbing the light passed by the second polarizer means; and
light emitting means disposed behind the second polarizing mcans for

producing and directing light towards the second polarizing means.

2. The apparatus of claim 1, wherein the second polarizer means has a generally
parallel arrangement of thin, elongated clements providing mcans for interaction with
clectromagnetic waves of the light to generally (i) transmit light having a polarization
orientation perpendicular to the elements, and (ii) reflect light having a polarization

orientation parallcl with the elements.

3. The apparatus of claim 1, wherein the absorbing means comprises a third
polarizer, and wherein the second polarizer means and the third polarizer are oriented with
respect Lo one another so that the third polarizer passes light having the same polarization

orientation as light passed by the second polarizer means.
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10 polarization, and the absorbing means is configured for absorbing light passed by the second’

polarizer means.

0. The apparatus of claim 1, wherein the first polarizer means is configured for
passing light having mostly a first polarization orientation, the polarization altering means
15 isconfigured for selectively altering light from the first polarization orientation to a second
polarization orientation, the second polarizer means is configured for passing light having
mostly the second polarization orientation and reflecting light having mostly thc first
polarization, and the absorbing means is configured for absorbing light passed by the second
polarizer means.
20
7. The apparatus of claim 1, wherein the absorbing means comprises:
a sheet of material which absorbs light and which is removably disposed

behind the second polarizer means.

25 8. The apparatus of claim 7, further comprising:
second polarization rcorientation means disposcd between the second
polarizer means and the light emitting means for reorienting the polarization
orientation of the light as the light passed through the second polarization
reorientation means; and

30 reflector means disposed behind the second polarization reorientation means
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10. The apparatus of claim 1, wherein the polarization altering means is divided
into a plurality of picture elements operating independently to either (i) alter the polarization
oricntation of the light or (ii) allow the polarization orientation of the light to pass through
unaffected; and further comprising:

control mcans for selectively activating the picture clements to form the
desired display image. the control means having at least two modes of operation
defining an ambient light mode and a backlight mode; and

switch means for switching between the ambient light and backlight modes

of the control means.

11. The apparatus of claim 10, wherein the control means provides drive signals to
select picture elements in the ambient light mode such that the display apparatus operates
in a normally whitc mode; and wherein the control means reverses the picture elements
which receive drive signals in the backlight mode such that the display image remains the

same between the ambient and backlight modes.

12. The apparatus of claim 1, wherein the polarization altering means is a liquid
crystal material.
13. The apparatus of claim 1, wherein the second polarizer means is a wire grid

polarizer.
14.  Adisplay apparatus for selectively manipulating light {from either an ambient

light source or an associated internal light source to produce a visible image visible at a

viewing orientation defining a front, the apparatus comprising:
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selectively altering the polarization orientation of the light from one polarization
orientation to another polarization orientation as it passes through the polarization
altering means;

second polarizer means disposed behind the polarization altering means for
passing light of mostly one polarization oricntation through the second polarizer
means and reflecting light of mostly another polarization orientation back through
the polarization altering means and first polarizer means, the second polarizer means
having a generally parallel arrangement of thin, elongated elements providing means
for interaction with electromagnetic waves of the light to generally (i) transmit light
having a polarization orientation perpendicular to the clements, and (ii) reflect light
having a polarization orientation parallel with the elements;

absorbing means disposed behind the second polarizing means and
configured for absorbing the light passed by the second polarizer means: and

light emitting means disposed behind the second polarizing means producing

and directing light toward the second polarizing means.

@f\ The apparatus of claim 14, wherein the absorbing means comprises

third polarizer means disposed behind the second polarizing means
configured for polarizing light so that mostly light of one polarization passes through
the third polarizer means while light of another polarization is absorbed; and

polarization reorientation means disposed between the third polarizer means
and the light emitting mcans for reorienting the polarization orientation of the light
as the light passes through the polarization reorientation means so that the
polarization orientation of any light passing through the third polarizer means and
polarization reorientation means and reflecting from the light emitting means back
through the polarization reorientation means is reoriented from on polarization to

another and is thus absorbed by the third polarizer means.
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wave retardation plate.

17.  The apparatus of claim 14, wherein the first polarizer means is configured for
passing light having mostly a first polarization orientation, the polarization altering means
is configured for selectively altering light from the first polarization orientation to a second
polarization oricntation, the second polarizer means is configured for passing light having
mostly the first polarization orientation and reflecting light having mostly the second
polarization. and the third polarizer means is configured for absorbing light passed by the

sccond polarizer means.

18.  The apparatus of claim 14, wherein the first polarizer means is configured for
passing light having mostly a first polarization orientation, the polarization altering means
is configured for selectively altering light from the first polarization orientation to a second
polarization orientation, the second polarizer means is configured for passing light having
mostly the second polarization orientation and reflecting light having mostly the first
polarization, and the third polarizer means is configured for absorbing light passed by the

second polarizer means.

19.  The apparatus of claim 14. wherein the absorbing means comprises:
a sheet of material which absorbs light and which is removably disposed

behind the second polarizer means.

20. The apparatus of claim 19, further comprising:
second polarization altering means disposed between the second polarizer
means and the light emitting means for reorienting the polarization orientation of the
light as the light passed through the second polarization reoricntation means; and
reflector means disposed behind the second polarization reorientation means

for reflecting light back through the polarization reorientation means.
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21. The apparatus of claim 20, wherein the second polarization reorientation means

is a retardation plate.

22.  Theapparatus of claim 14, wherein the polarization altering means is divided

5 intoa plurality of picture elements operating independently to either (i) alter the polarization

oricntation of the light or (ii) allow the polarization orientation of the light to pass through
unaffected; and further comprising;:

control means for selectively activating the picturc ¢lements to form the

desired display image, the control means having at lcast two modcs of operation

10 defining an ambient light mode and a backlight mode; and
switch means for switching between the ambient light and backlight modes

of the control means.

23. The apparatus of claim 22, wherein the control means provides drive signals to

15 select picturce elements in the ambient light mode such that the display apparatus operates
in a normally white mode; and wherein the control means reverses the picture elements
which receive drive signals in the backlight mode such that the display image remains the

same between the ambient and backlight modes.

20 24. The apparatus of claim 14, wherein the polarization altering means is a liquid

crystal material.

25.  Theapparatus of claim 14. wherein the second polarizer means is a wire grid
polarizer.
25
26. A display apparatus for manipulating light from either an ambient light source
or an associated internal light source 1o produce a visible image visible at a viewing
oricntation defining a front, the apparatus comprising:
first polarizer means configured for polarizing the light so that light having

30 mostly one polarization orientation is passed through the Grst polarizer means:
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25.

a layer of liquid crystal material disposed behind the first polarizer means for
selectively altering the polarization orientation of the light from one polarization
orientation to another polarization orientation as it passes through the layer of liquid
crystal material,

a wire grid polarizer disposed behind the layer of liquid crystal material for
passing light of mostly one polarization orientation through the wire grid polarizer
and reflecting light of mostly another polarization orientation back through the layer
of liquid crystal material and first polarizer means;

third polarizer means disposed behind the wire grid polarizer configured for
polarizing light so that mostly light of onc polarization passes through the third
polarizer means while light of another polarization is absorbed,

light emitting means disposed behind the wire grid polarizer for producing
and dirccting light toward the second polarizing means; and

a wave retardation plate disposed between the third polarizer means and the
light emitting mcans for reorienting the polarization orientation of the light from one
polarization to another polarization as the light passes through the wave plate so that
the polarization orientation of any light passing through the third polarizer means
and the wave plate and reflecting from the light emitting means back through the
wave plate 1s reoriented from on polarization to another and is thus absorbed by the

wire grid polarizer.

27.  The apparatus of claim 26, wherein the first polarizer means is configured for
passing light having mostly a first polarization orientation, the layer of liquid crystal material
is configured for selectively altering light from the first polarization orientation to a second
polarization orientation, the wire grid polarizer is configured for passing light having mostly
the first polarization orientation and reflecting light having mostly the second polarization,
and the third polarizer means is configured for absorbing light passed by the wire grid

polarizer.

SHRGTITIITE otirer it r am



U& ()-6ADKI ndE:/ 10 U 10 Wy? 10% U& ()-9 10% U& ()- 9610% U&. é&@ \5?)9%0%
U& ()- 2!/'10% U& ()- 1#10% U& ()-mz5xY:/ 10 U9! 10%& ()-L° | 19842y

F10%<& ()-10%<& ()-1 GLOY%& ()-y#109%& ()- 10 UWaB:/ 10

WLMLO%&' () -L!10%& () -

Ys$10%<<& ()-Lt 10%<& ()-Lf!10%& ()- @10%& ()-H3dE:/ 10

ULOY%<&' () -#109%<& ()-!10%& ()- @10%& ()-10%& ()-10%& ()-;aE / 10
UL0%<& () Yf> 109%& ()- 0 10%& ()-9-260%& ()-9+!10%& ()-! @$10%44& () -
Nor mal " "Headi ng 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c"

"Headi ng 53] c28." Hedde m;gaaﬁa?.ﬂnwclahleadjwlgre‘iﬁllfeﬁr Sihjetlizagm8ais is'configadd frg 93] c" A
"Default Paragraph Font'} (-E7A(JvMAOakuwb28D0

(?+8C b>eﬁssmsfﬂl};gﬁ%V)n&m@%g{ryﬂQolgggmpewslwﬂwzweéilﬂfgéwatﬁfbnﬁteon) MBO=

n6Ti mes A i At d
" #SYE ( g\iﬁ‘gan% nglg%\gl}'f enINEWgHt {390 tneFis( ﬁfo\fﬁﬁﬁﬁ% Uﬁgﬂﬁt@)n to a secon
<=>7? G\BCPEk{HAtibK MRS TheWWikergiid fdlarirbisdehfihire kforpaRippdigtivhavitg{rhgstly
S the second polarization orientation and reflecting light having mostly the first polarization,

and the third polarizer means is configured for absorbing light passed by the wire grid

polarizer.

29, The apparatus of claim 26, wherein the layer of liquid crystal matcrial isl
10 divided into a plurality of picture elements operating independently to either (i) alter the
polarization orientation of the light or (ii) allow the polarization orientation of the light to
pass through unaffected; and further comprising:
control means for selectively activating the picture elements to form the
desired display image, the control means having at least two modes of operation
15 defining an ambient light mode and a backlight mode; and
switch means for switching between the ambient light and backlight modes

of the control means.

30. The apparatus of claim 29, wherein the control means provides drive signals to

20  select picture elements in the ambient light mode such that the display apparatus operates
in a normally white mode; and wherein the control means reverses the picture elements
which receive drive signals in the backlight mode such that the display image remains the

same between the ambient and backlight modes.
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