AN OPTI CALLY ADDRESSED GRAY SCALE ELECTRIC
CHARGE- ACCUMULATI NG SPATI AL LI GHT MODULATOR Techni cal
wWOo2@7d4310001] The present discl osure rel ates tBCT/US2007/012959

nodul ati on of |ight by spatial |ight nodul ators and,

in particular, to a technique for nodul ating |ight by

an optically addressed, photo-generated electric

charge accumnul ati ng spatial |ight nodulator to achieve

substantially nonotonic gray scal e response.
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eans entails the m properties

such as, for exan%llgll&zfl %ﬁ@f‘%"?ﬁgﬂmﬁ‘gn IEzJat Pon of the

[ight wave. A well - knovvn exanpl e of a spatial |ight
Techmcgqgéibator (SLM is an active rratrlx l'iquid crystal

pray (AMLCD) operating in an i e projection

[0001] syTs“teemesm dsclesuin $¢lgiagso; rﬁ%éattm afg'iqli‘t By seplialllghhmedulators and,
in parhc[!%?“ 1My i tBEShiGue/ FSH oBullafifg SighNby? =i Siftically dddrdsaed AbhéiB generated

el ectronic circuitr rated into
electric Hh%'ﬁﬁa%FCHBb’l? tieg ?W%bl@ﬁ PPQW@géet?v&;C"aﬁvﬁeﬁ%?sé?@\a“érrP°”°‘°”'° eray
scale re§fonée) t ages across a layer of liquid crystal materi al
: whi ch i nduce a two di nmensional array of changes in its

optical properties and thereby to spatially nodul ate

the light passing through or reflecting back through

Back;rog 8 quui d crystal. Gray scale control of these
s entails nodul ating the individual
[0002] vﬁ@%@g

g\odpi,aélpe ff |t9e lﬁ'?hfaﬁ%‘?"ﬂﬁ ehistis|the lcgﬁn%upg i H'QPS/ beam propersties
such asdif&H é)&imﬂ@dw\&éﬁsht?rbr dcﬂ)&%horﬁ\lwhtﬁ)@ ligRdwheé.i Qrwetekdueds example of a

spatial %?‘{: PI?&FE&D&%NH B%tantaﬁ:hve grrlaarélll)bé%tp? y Saaﬁtdgﬁ ga%ll\éLCD) operating in an
image dnojgbtmméymemt wbmhcmnsémrmsdlnmgeaqaa iff linselestreric b@ewumento a visible

image on a d%ﬁ%&ll erfh)ée/-l\MEbf')e Ié‘&% 9?&1‘?{&@%‘(@ Még‘f' BXnthth%g;splay applies

accurate an ten resu I N
for eacrdeamee typ@lnrae@m@ﬁai |asr§rya>y vg't%@@ls agErss ey e ¢fi liayid crystal materiat which

induce ; r{%ecﬁn‘?\re%smhgleaﬁb)?ro@‘i‘z‘h%ﬁbé’é’ il ﬂg IE:éﬂ brﬁﬁéﬁ@&zﬂﬁi meHQrﬁ,Bto spatially
% nodu] at i on et hods. &HO F]é % h u{d Lon
modulatge ﬁo'@é‘tma'lngythf%%‘ pheetieging bpc “E‘rﬁ’g‘fg Stfgrs]gq giftal. Gray scale
control Bpﬂwsatdh@ﬂﬂaﬁ:’%u@rmdd!ﬂlytlrfgafHeOldeBﬂul atdebnolfddels) tyfRMlly by analog
schenes ent ai |ngtotheI|qU|d crystal
modulafign oriary didita ngﬁ{az\g% pul se that is of %/I xed
anpl i tude and variable tenporal width (i.
[0003] duf\ﬁélb% )‘rthE%oHaHé%%c% M&Ethm&wlleerdanﬂﬁﬁ ddrdP liquid crystal

e entire frame duration, correspondin
microdigpiawg. bey ey PecpRlrBited teuiery Sightiaformation- Pyntebgﬂ)ﬁﬂ'égs This is so

becausé B SASEpREL sikdbegahgstuent difficulty of storing accurate analog voltages often
result in poor device yield and display pixel non-uniformity. Therefore, the microdisplay industry

increasingly uses digital modulation methods.

[0004] Digital modulation methods usually take the form of either pulse width modulation
(PWM) or duty factor modulation (DFM). PWM schemes entail applying to the liquid crystal
microdisplay a voltage pulse that is of fixed amplitude and variable temporal width (i.e.,
duration). The variable width typically ranges from zero to the entire frame duration,
corresponding to gray levels from zero to full-scale. Ideally, DFM has the same net integrated
duration as does PWM, but it uses one or more pulses of fixed scaled duration to achieve this.



duration as does PWM but it uses one or nore pul ses
of fixed scaled duration to achieve this.For exanple,
W b@7/mesbs signi ficant bit through the |east sipei/ib1ame12959

bit pul ses, each binary wei ghted, can be sequentially

presented one after the other fromthe beginning of

the frame period to the end of the frame period. For

six bit data having a 101010 pattern, there would be

three separate pul ses of different durations. As those
For exarﬁ;ﬁl@cﬁh&Qﬁ’odtrbléﬂﬂﬁca&fttblkmmgli hiee | leagti signifigaritabit puises, each binary
weightedy ﬁ@r? % Séqscé%ﬁ@%& %rgtgé)%t geog&g%{erqﬁg ﬁé]rul%rﬁ t%e\é"i’rﬂt’r?g Qf the frame

over 1he response
period totthe ehdqﬂlthb fraly\st;zdrtode six I reeada baying Iaomﬂ@é OEQ@’E'@F'T éh@re would be

three se;%é%%d)uzs%s of d éﬁt‘%fé‘cﬁ)n@r Bs 'tHH?s@rpﬁQétlc‘éd WO art Qh@w the liquid crystal

cases er gray scal e val ues
directors desmd tp the rquﬁg@qn O %‘QM]S valvges thg a@pl@dn\@lt@gﬁ @p/gr@ged over the

r Qe
responsev‘ﬂln? Hﬂev CH d;cglswm&%mﬁa%a@ prBdfey@kdeisniadray BEale results and

are inhorally mansions PagaUsel 1l 4 EA4EE, IRERGUBI S 4o g draAfecty to longer
duration GARBL X at Qnél@'ﬁﬂtﬂ@ %ldl’ﬂlnaotrualbvagls gplea\srdee RMSS sabiestdfighe applied

voltage. fl?\é/%%ﬁlg rp%%alsgommér;zlgﬁﬁlsg é’\%sftahq{{nge %ﬁ%&tg ||WtﬁéqLEhﬁlowever they are
very comipléx mamplmmpmm aboakdisplay Shecagist oé fertimingrasitiepa ef tedowest order
bit with tWSlflr'EnQe Egﬁoé @%ﬂlﬁ%lthﬂ‘@ bt Sk Ahe VS BN dMSe P6sitioned in 512

1o acconno timng resolutjon.
different Afimer fealions méthio d8e ofraien PEUPhg TPAWAERIRY SWRIER Snydd) be able to

accommghét%ut’ntst GHAMB! R¥bluoRt AltdtRatRiepeBERds fof exchleingl W ghn reduce pixel
SR e Ol g
practice, uPQViinstnemesd acs yginetallyi woodifisplitaps expensive fADUSRI @ellg,wd crystal
mtcrodusa%&%%%%&g@gg \ngggftér}cQEMSﬁ@e”es are the nost wdely

dirgrta ation of liquid crystal
m crodi splays. In DFM as in PW fixed-anplitude

[0005] VO' ta@@Mp&l, %saéﬁeeﬁ%oln‘xc%@ vi@ell Nl for@dbs Blgd¥l modulation of liquid

wever , re is one voltage
crystal miprociaplayse M pEE Kb PV Mo BETHPRE DR® RUSGRPHISER P applied o the

mlcrodls‘.&La?gtHc%Veeﬂer]Eiﬂ bﬁl\/ﬁﬂﬁﬁé 3y &she Mlta@El\A)uliehéort ehatl 'Hddithewdata packet,
il ons 0

dependipg 98 t%p@l}tlﬁylﬂégra}yﬁ%\/e@& 9e PEBF d bl%/w Eﬁlﬂ\g tbg}t?tl | gcﬁ&lr(fé durations of the
-pulses difibéd IbtySthequtiavaiamet tlmHBjeta‘rmms TFieedyly datterrsf met vp!taqus and thus its

qu:vale@?y&sng\faﬁ\g :j e Fq%?e%ﬁ{ tmtﬁgtm%pédh%ﬂ%é %rqgéi rc%%éed# dril apticdily addressed

ator Is it does naot
liquid crs/stlaeSmattamuammgmlatones fhaniit doasi R takﬁjlrﬁ%ﬁccwn%éee gipite rise and fal

times ofttES nh%ﬂ%&kt&l&%é&ﬁbl (makRUIAY of ﬂ%’ia‘c@‘tﬂaﬁtﬂey £t offea diferent from each

ften different { ? e{)
other). Neyest asOuroT 1T SRR TFE £ WL AR Al HETing s witin the
bit plan@é’k&‘%ﬁ‘achm‘arﬂé fload tHeowhiet @alw tehaclh thbecdd Natybarmg)tcb-generatmg device

(so thatptﬁgyf SES%WEF é%?o(%n f(grgc?ﬁé%r{eq ;? Sridds hogttfn‘?%cﬁhls%1 GelHad b%‘%'ry @ve%hted pulse

evic ey affect the read
positionfrgr ofdhé weite Mgvpemam@gutgﬁn a.n@g)moqqﬁg@c oplifaltrpsroNse Rd the read valve.

(The op%él%%&&wé%uﬂo§909%hfd' PaIRG RN %TGOW j bat MadtMér way the actual optical
I'n a non-nonotonic optical [ espo o{ ad
responsggingy differ from the theoretical duty factor calcula ecp ?rom he vo?tage pulses alone.

This error depends on the number of sets of rising and falling edges, and thus the number of
pulses, which error changes drastically as a function of the desired gray scale level. The resuit

is that DFM schemes generally produce non monotonic results at a number of gray levels. This



(The optical response for 100 could be less than for 0O
11.) Put another way, the actual optical response may
waledo7a43103 om t he t heoretical duty factor cal cuPEr/@s2007/012959
fromthe voltage pul ses alone. This error depends on
the nunber of sets of rising and falling edges, and
t hus the nunber of pul ses, which error changes
drastically as a function of the desired gray scale
| evel . The result is that DFM schenes generally
is a seriddEQHISIEMRA EELRNiAC nureber bissattensesnhavecheart dgrelgped to attempt to
levels.. Thisis a seri r I hosh of th ire
correct nﬁUFFB%'?OtS?'C'éych%%e%or}?aeglﬁ%eergﬁgggws%g%a&t%yf g:ﬁ empt to o
substantialincreaseninrcost wompiexdty tgr, redugtiondmdagfrathem is ful ly
satisfactory, and nost of themrequire substantial
i ncreases in cost, conplexity, or reductilpe%? ip dat% Fig. 1 is a
ooe]  rat eAN[Q6EEM p@N ORSIANP A3 Sithple rapeMISHIog; Philection made. Fig.
diagram Bi; ety @O?i@bler fé‘fl:e@!g\fé @V\S:CIIF}'H&%O,_ Whigh idclidesaanlieEgtramptic material
~of a current avai e reflective [ :
(e.9.. liaiel YRS e Pedid 6. @bﬁ‘?r@cﬁ%tﬂ"& BYFT (‘g%‘l“%cflgaﬂ%“& &hsem'“’”d”"’mr
material. Thesderhidorndigesr MAedad irmthihetanpe eyire welecegerom4 Yasietedf materials
nusual Ly, of een r hlhm T Sr?ﬂ} 8P dishBle, amorphous
absorb'nﬂ'j'tgg*’ e Y'ﬁgﬁﬁgoggﬁﬁ%‘ﬁ%?éd’@é‘f“ec??g rom a varleet gm PeY
silicon, acforpleusrsilidos caeide bsingle Icngial BinSiQre S/ioonbPeARadePedfiyt HdS- Liquid
erystal e o R e oo e ey ansparem
| y ) S . .
electrodag 16 26FCHS SURRAMACoR respREve AUDstie e 7y 1 Ysible output light
(read light) Y$ tetlecle@ysi a kielagttlc phirbo24nisi the wemnsayssiorl todeeboth the write light

positioned between, optical ly tr n : :
anat e B Yo SEhE ESE FEEER! o GhaTRERY Bk ThgBLAEgH1 B4 anc e
photorecEpeveviagémnl £must ghsorb trghwriterightiand piss)the seadlighéct ed of f

a dielectric mrror 24. In the transm ssion node, both

the wite light and the read |ight passes through . .
[0007]  subs thaatpeciecticanerhenase OASLb sHHeEst 3P @AY 9356 Wi 2 getical signal

[ ' tdr\EcUrdHay al4ildmus bropstion Bydtba 3@, iid @hich input images
or 'magﬁt' ?&?ﬁg%gﬂ@%@@ (%fhe rread?lai ht.. IFOOO?é E:(;r [ oj étt:t i O ode-rav tube
are formeg hiopexa ep1cetasier Hriesar Y LRl TRoR S @ cathode-ray
(CRT) 32Phhd aherfisgdataneferictingsto fhegphdoieseptiveti myeami GPASLM 10 by optical
componéﬁ%&ﬁ&}ih&u@% %h{i%ﬂﬁ%gﬁé%{ke%?Eg'f)ﬁga)!zérqrﬂgﬁteg?}:ggoth! f\‘/lo\f’é1 'sEQciﬁcally, CRT 32
operateas hodeputimape soerve adweingen drput fiwage thad ds gangferr ed through a lens

L ay. g , ,
2 oo 8§ ATl B T SHctnd i repippietnts conod o
OASLM déniserie e SPeNalichPas e A I TPReaton (G5O Sansinisgop 1  transmission
mode of SpérStton) Xt tRetlectMsRicaPRBidrial Qé.b.y,lquBTc;rﬁé&at)payatoésh@QASLM 10.
an | nput 1 mage source pr.oducl n n1n
he S eRrskel eoPERER bR a4 1R SRR PN b aE skIepls rouan <
condendeayéris 40 ahlies BABLMdLAY pdlaeziph beemeswitier 96 fpr iveidgsce on the OASLM
10, whq?? rdmse%‘gﬁﬁ%g:étons %y iﬂrﬁahlemé, tehetRRt badk ef8ngehebolarizing beam

| ON t transmssion In a .
splitter 86 amsinfisaliyoprofasthsl ONtx e 86TEBR) DY R PIKIECEPR JEND 48pi(Tiaey P polarized

compongﬁf @frthélr?a(dati@wt propdYetdd BFdhalohdbrsrnedt 40 BRd PASI skthight through
e S polarized conponent of the r ﬁ‘d I|[.Lgar't .en]tted QY h
the pola@jﬁingrq?aphﬁwlttgg BEr‘%}Sja'aé?% IIil m%gaﬁe,g e optical sighal propagating from the
CRT 32 to the OASLM 10 is essentially of analog character. As a CRT pixel region is
addressed, the CRT beam current is adjusted to control the pixel brightness. The pixel phosphor

is excited by the electron beam intensity corresponding to the CRT beam current to produce



condenser lens 40 and is reflected by polarizing beam
splitter 36 for incidence on the OASLM 10, where it is
woraahistiesl spatially in real tine, refl ected bBCKUS2007/012959

t hrough the polarizing beamsplitter 36 and finally

projected onto the screen by a projection | ens 42.

(The P pol arized conponent of the read |ight

propagat es t hrough condenser | ens 40 and passes

strai ght through the polarizing beamsplitter 36 and
light. Thel p%rl:n@@hcé of thel pHigspharsafter the dapll ticel orsegeiapixgragniglstthagluration of
the pixel %{n gt%#%weRgE% . ‘theAéﬁj E@EM 4 wﬁteQ%?&ﬁhéhéMt &f the OASLM10 s0

gifon i s addressed,
that it crfahge:ClRTe et ofirthe QASISM ad) ustl“@dfq-rm gbhghtdpﬂecﬁt@npq%éransmlsswn)

changes eI 1 tE’ nt%ésrast-gp%c %8lurP NP SRARGT CRY jmsgl @fe l%/rrﬂé&ﬁ‘ the voltage signal

on beam intensity corres ond| to the CR
that is applied enthetttanspaient eleciyades Thang LISy mﬁa@y 6 hds of tme
perseco,mﬂosphor after the dwell tine on each pi xel controls
e duration of the pixel light. Correspondingly, the
CRT image or the wite light is incident on the

{0008} OA@EM%Q S|ﬁ1atgaatw1tﬁ aCORWgﬁSfefrsh drooutnparty disadvemtayest ncading a high
0
degree o& ﬁg\%@ge a@g1 aeeg elirﬂc@ Pgﬁl néeraF {;’ ecsa%ccr(;]% rg’eérh?raé §§fuﬁr§9 and footprint, and

operating 8BgRighatottager med, the voltage signal that is applied
to the transparent el ectrodes 16 and 18 changes
pol arity many thousands of tinme per second. [0008]
Summarform ng i mages with a CRT suffers from many

poog) U 3@% %asiian&s wnthrlﬁ{eUQké‘rﬁplar)hE@mbodlﬁga”rﬁes pfowvidyal Btroetbod of optically
eonetri cal

writing tq,gwg% ligitdvaot BH ﬁtme ﬂfi %‘63?)%?Vi(lllccu ct%rpeqﬁ ﬂérg‘aurm%a frame. A
selectedWﬁk}l Vo[t B ad;meacmer ol e decalhohmfmeo;@tpc@hyyrlw yalive; after the pixel

location fsoataap g)g)gtca} ﬁl{é[) g%d tﬁe %h%aﬁ% %P‘II' ﬁ@rkelté(d \Wdhta Modulated: light

| ow n
source p‘:ﬂl(ﬁel anss &y emitairroem twlxeigoqatrpnmntepl@é palseetNdiie \gr%e light pulse is

directed Qi fi Ioé’eﬁ Izé@%%rﬂo% tff%?ll él@&r@&ptﬂ: IByéreJ)f Arpééﬂdaofba@!f ligh valve. Still within

ter the | ocati on
the framepthec%bqv? @j@@sn@ @ta@pé'mgt H@%P%&g ?%8‘1’?%‘??9.%3 'sBqfently repeated

for a pIuPallﬁWé%?éc@éﬁ Whitehceh vBRaEsAdrRimotilighd IRbuso@cpplLBesso as
enmit fromthe pixel location a wite |ight pulse;
and the wite light pulse is directed to a |localized
(0010] IOOflhI sdropdarks witle cinbthen pixeondiary eembédienent ig ipceNidede gl optical write

valve th@ E\M%l%f elgﬁé?-optlcw éJ&: tbla%kélgm’eﬁﬁlng pﬁ@‘(@catlons of the electro-

| imha irecti ng
optic layeeguiigittisalitcg arspead dyoptinal gorpmpmap@@wgh the eleeir d)ptlcal layer and a

vl g ol st o seporit
dlscontln@uﬁ}yoqpmé@ %{Hrabb(t gfsglegipd WalE, | gel{lgolﬁg% ae% néy pigLIC 2 atm:ﬁ bt an optical
write vafRk€&hd Qﬁ@rpﬁwecbnlefﬂ}&étlo@a&aém aneptlha‘lly istaide pﬂatﬁafor each of the applied
write ce‘g?\(t:cg{algggs cﬁﬁtg&iﬁ%& ecthr RORS I Ee ﬁyagcorc%nl:%g:mh #ties at which the

ATTUR] Cati on W t
selecteceve! cali-voiagenarel @}oéﬁq and a

[0011] In accordance with another exemplary embodiment is provided a computer program
embodied on a memory. The computer program includes computer readable instructions to
perform actions directed toward emitting optical write light, and those actions include, within a

frame: applying a selected write cell voitage at a pixel location of an optical write valve; after the



controller coupled to a nenory. The controller is

adapted during a frane to sequentially and
waelr@cosmidhuously apply a plurality of sel ect edP@F/US®07/012959

cell voltages at a pixel location of an optical wite

val ve, and after the pixel |ocation achieves an

optically stable state for each of the applied wite

cell voltages, to nodulate the Iight source in

accordance with the tinmes at which the selected wite

pixel locaﬁi%h'ac%@vb@%sopﬂ'bﬁllyaﬁﬁble%iate[ M0Aldating the poet moatomivth a modulated
- light sourﬁﬁ &g”l&rﬁf’:‘%‘(&? B¥r8ﬁ1n;§0dl %Epci?a!n%grvgr}éé ﬂgiq’( eﬁJI&g 'Eﬂ‘g&ﬁ{g the write light

pulse toi acbuslzed cpcmuuh eof aeaelabtreopiitstayect #fons @r@ilqaérrem! rhght valve; and
ons d|r |
sequentlgﬁ(d'e{)ﬁ%téng he &p %?Y rjfg‘o }Q@JH dﬁmgv\% ré?aghé fH a %l’élﬁ/ bi $HMoted write cell

rame: applying a
voltages sefi enackdated light sogrde wafliqsage at a pixel location of an

opti cal mwite val ve; after thepixel location achieves

an optically stable state, illumnatjin e pi.xel . .
[0012] | odREFDAN "t?'”é‘sﬁ%Cd%lea'i‘”@d“‘fGi”&H'f‘ aé%a?téé‘g?)hgwp%'ﬁ‘ ptipyarity.

emt fromthe pixel location a wite |ight pulse;

directing the wite light pulse to a |ocalized portion

of an electro-optic |layer of an optical read |ight

Brief Detgibtien ofithe Iregirmst i al | y repeating the applying,
[0013] I ! l z?% ' n@ia Rty Gk eﬁltlérng fdb'ﬁcé\ gpéé’d'r@lsééd/ s@étla‘ﬁ@ibﬁf?hﬁﬂ!ulator that
ta es and u ate source pu

| mcludes[aowlﬁqtrWWaWﬂaUﬁY@rarﬁ*s?a@‘&‘?tgs%’ﬁ"‘t"ﬁéeﬂﬁ?fé’muﬁ% "é?rt‘é”aS1 layer.
detailed below with particularity. Brlef Descri ption
of the Drawi n ram_of

di a
[0014]  ar tFigpR |SC%PI%99%B&L @chqé% agpog{)]egﬁnorl ?3@%? I{%amogfed o‘?a attl%de-ray tube
opticallylaBSbdisted vath & estically apdriessethstinblight ayeiulon a
phot osensitive sem conductor material |ayer. [0014]
Fig. 2 is a diagramof a prior art projection system
[0015] Ccormoseds af sat afdiniod sliagrgmeughoving FTMU{%HOQS@'@@CA?%'CS of a spatial

light mo%%{ﬁg%ﬂg% r‘ggléh)érg%dgd'c%ﬁm n%ﬁﬁ&di@lanb 'aEBFeSQB@ Wltﬂtd?ﬂferent amplitude

set of timng diagranms sh g
and differegubiise @ndtamtﬁ.gl[ rylpes, |q?§hdlﬂurg|n§m gferqaqtdmatlon of the read valve

spauwlgpggbg@@ﬁxmorklng in a charge accunul ati ng node and
dressed with different anplitude and different pulse
VVI dt h optical pulses, each illumnating different
[oo1e] | ocRy) @nis sifilbhéo rFeagadS,vhhtvwhsmatthQalthJ|agmrei’rﬁjmjpal59$ are integrated

together[agg 6]sa gocaQ'Ph%fﬂerg A5 Iféq‘ﬂt ﬁlog lagor. DUt where the two

e ng pul'ses are 1nt rate toget her at the sane
| ocati on of the spati al Ilght nmodul ator. [0017] Fig. 5

[0017] ' Sdlﬁ\gSS ek 'sfd’n@lﬂleeltﬁ%k (91!3 FrﬂB? & oéfl"ba‘l]?tald@ﬂislsyd spatlal light modulator

systen 1 G RHEMSERHON & Mt 2FoKe R BJY S gparacterized by
substanﬁéltynﬂbn&banb@éps¢a1@abslpysnsejbst antially nonotonic gray

scal e response.
[0018] Fig. 6 is a set of graphs showing the results for local liquid crystal voltage integration
in response to write pulses (10000), (00001) and (10001) patterned light pulses propagating
from an LCOS device.

{0019] Fig. 7 shows an example in which data bits are spread out evenly over a frame time
to reduce bandwidth requirements for an LCOS microdisplay device.



[0018] Fig. 6 is a set of graphs showing the results
for local liquid crystal voltage integration in
wo e®posHesto wite pul ses (10000), (00001) andr¢1/08D2)/012959

patterned |ight pul ses propagating froman LCOS

device. [0019] Fig. 7 shows an exanple in which data

bits are spread out evenly over a frane tine to reduce
bandw dth requirenments for an LCOS m crodi spl ay
device.[0020] Fig. 8 is a set of timng diagrans
associated with gray scal e nodul ati on of an LCOS

m crodi.splay p)lum pated with. - I [ ;
oom T FREB SRR o RELRS e st BRASA: 803 5bat @Bt of an LeOS
microdisplag llaminatediivith dpacecrapat light gulgies atithpiifarpnbprdspwiddhs.

circuit conposed of a wite data latch and a read data

latch. [0022] Fig. 10 is a _graph show n% | gcal . . ;
0021  phéicreseptedic giftihgieeramm & Gedaita)Packeisns R yalisHiy spaposed of a
write dath 14teHThA@LIresy BataS&c dths for the case in which the

gray scale data packet is ( 1 111111111). [0023] Fig.

11 is a summary timng di agram show ng the nodul ati on
[0022] WaVR{ AONE of Gaphr@opingebcalfphetore@foretiages anativced by LCOS binary-

. o[ respondi ng _pi x I [ O n.a ' [ i
weisred L RERARRG PSP il SRR P0ARSEORL RS SR e paciet
(111111te9ur ed grey-scal e transfer function or EO curve

showi ng non-nonot oni ¢ junps between the MSB and MSB-1
bits. {JOQZS] Fig. 13 is an EO curve npdi f(lé(gﬁi from tegat f
(0023] of F@.-glit s auyMany ke agram sNWRg dBe i 'eilpERYdorms Tor one

pixel of BRARCOS] 88R&] ahtidts ddrrdspoRding Qyikeli lagatiam onitani assogiated spatial light
net hod steps in accordance with an exenpl ary
modulatefithodi ment  of the invention. Detailed Description

[0027] Enbodinments digitally nodul ate the electro

optd.cal, el e Sof . Vdtey- Matsth f@ndtibR B &6 ¥urve showin
[0024] corﬁJ%':Jpzo'ﬁ'qal ﬁggbtﬁjo()ft%(@%%% Sc%%%s C?he ar ead val 've OA\SLMLI ?
non-morfatenie juntfrebetwabe theoMSgrand MEBHEP#S-t s for each read

val ve OASLM i mage and t he nunber read val ve QASLMs

addressed by the wite valve spatial |ight ul at or.. .
[0025] Al du9- Hhisaan EFheHYe grgsiies, frem t mf?g@rgg%atpﬁﬁﬂg%ﬁag fo the desired
responséisffge. is applied across the photoreceptor layer and

liquid crystal |ayer sandwi ch of the read val ve OCASLM

with frequency, about 100 tinmes per second, of the
[0026] OUtFIYL 10fs aiflew eiadeum oufihimgrraeihod cltepsaipartaostanse pyih an exemplary

.uni.t .t he photoreceptor and of the liquid
embOdme??/ts%fgthee%é’ REat}&rrr'?nes, t he

Detailed Description

[0027] Embodiments digitally modulate the electro optical elements in write valve SLM with
a frequency corresponding to the product of the read valve OASLM frame, the number of gray
scale bits for each read valve OASLM image and the number read valve OASLMs addressed
by the write valve spatial light modulator. Also, an alternating polarity voltage square wave
signal is applied across the photoreceptor layer and liquid crystal layer sandwich of the read
valve OASLM with frequency, about 100 times per second, of the output of the readout. The
ratio of capacitance per unit area of the photoreceptor and of the liquid crystal determines the
ratio of the voltage signal developed cross each layer of the read valve. The initial voltage



ratio of the voltage signal devel oped cross each | ayer
of the read valve. The initial voltageacross the
WO p@paiteBles ystal is set | ow enough for an of f sPEX/ES2007/012959
(normal Iy bl ack OASLM operation). Every voltage signa
pol arity change at the read val ve corresponds to a new
QCASLM franme period. Dependi ng upon the specific
mat eri al s used, the photoreceptor may operate by
phot oi nduced charge separation or by photo-induced
across tr%hlfalﬁd eRRN G by Ibw drough.focan rdjlffuma’@UanrrdaIIinIS):k gARLIg]operation).

Every vogggﬁg @%P@@?& ﬁléalrfgel %t:,/ g:rfag V%a?ﬁr)] c—?slqto?wﬁﬁ%' a’fiew OASLM frame
period. m@@eﬂomig aporf ote smicifmahhtxenaidmsedstm wpmneaeptpr gay operate by photo-
" induced ﬁagtg&% %tl ?I ca 6to-uﬁc§m;{ad\6‘?1|n'¥<feéond:ﬁlvlﬁn(e?%mlhﬁﬁﬁllﬂde Cds).

propertres of the crystal
mat eri al of the out put device, i.e. the read val ve,

oozs]  &r %nﬁ%@ﬂﬁ@ﬁteb&f s ilBHiiorP Rl @Rl altdreamle fab@rmaah Wit ¢he prior art to

al
spatial llghtqﬁq?@@tw:f;)gpbggaglgég%s%%ql ggelﬁg(ﬁ ht mogul ?ors %Rs';l_rl\ﬁsa I light valves.

For an dAQWd{oﬁéVSIﬁéﬂge@ﬁﬁld;ﬂtleélrbr(abémé)of timo liysit| drestal, matedial of the output
er

dovter o5t 5L Fably S BDEAT o S e 6Pt S L. e
image sSicecdevideisgsu) as TUEY opes.atiquidtcrysal a@aysiglgglud@gclw-crystal -on-

silicon (L%rb@ébeﬁ? )‘%qlﬁc%’n and Fi'?%h]hltlhh B &@Hsn%?%@nf:é@ dd rﬁkﬁ%\‘f&b/from most of the

stil ave features that prevent mI
drawbacks @meigleahfgejgrég GRT &ﬁlteaﬁcwrg@ (Flga%b Thr) eeerple &t Iow voltages, occupy

small sg=@BE] gHd aldnd Righl b@émétﬂctlh@bn@hO\MbWéWeFl they 2stillFbsve features that

prevent g';(q?gjrogw i)gpnqLEEecgga%} Iaa%o%rlmlagén Lﬁto?.lgcelnﬂ'\/a co%?’éﬂ%?gn _Ishfﬂllar o that
shown lﬂ\-@@ 23 Fﬂﬁreb@ﬁﬂolé),%rt LEDI srealy msayabsrhahﬂeddngprt@ﬂtn@ewmerray size, in

o8 ey AT Fo AU Al o, i e o
that CanIdﬂﬁfﬁﬁ'ﬂ!ﬂb&&eﬂ“dmeﬂgﬁ'-l”@fd)rb'@péwtq’ sregte @Wrﬁﬂa@‘ 5¢5p0nse Note however
that the ﬁgng%rgétécirhgetbr‘éfcﬁﬂélb\ﬁﬁs an %x@ﬁ*pleﬁy lelrB dd@rhé®of the invention and

During an frame, | ocalized
not a limitaetheretpi ght of the appropri ate wavel ength on the

aﬂptgrecep}:ve | ayer produces a charge separation
om0, ST ERASEHCRRR, B HE hRE OB SH L SobleBHER vovclonat
on the [Sepaeedpton layert dsred@d:&st achagpt wpagion whigh|lecele in@eases the voltage
across th(g I%ﬂ% J:l%%t#‘ cbl.?é‘ | efidcPBf IO\e@higd%bé’%@bal%thQYH &e photoreceptor

grey scale data plane is
upon a mta@erace@a ihgrd hql!lv\@n@i%hé itwa dimepsienal grray qf Wit fight for each grey

scale ddtd pLQ@e |d GaHveriel Yiatodd W@'dtrﬂ&@slc\MHI @Bra@rc@ﬂlﬁuieatei‘ﬁs avee liquid crystal
ol ari of, t

L
e PRt gt onen
voltage isfgriahiid chahgerd ta@dqaldn@'wstbi ghltagentselgmatlxem apera OeWi Ig;ht integration

period |§/ 8faalrt§§d ngnrﬁ%tge v\égﬁ ﬂﬂéto%e ﬂi ! 'IC@.L(H %5/5151 %olté%é‘lrﬂbé’c&v%éﬁ %blanty changes
is to setGASIOASOM \ecgtegslsgpmll te zero 8PS Gof Hsiminele the phPIRkGEPLafavith the write

light for BE%hQF ghm&rébéd?@r Withd & ahd G&Uldfcgfstéﬂvéﬁ .gi ng

bot oreceptor voltage and liquid crystal voltage.
[0030] The digital modulation scheme used here entails iluminating the photoreceptor with a
series of pulsed light images propagating from a write valve, in which the durations or the

intensities of the pulsed light images and their positions in the frame period combine, when



[0030] The digital nodulation scheme used here entails
i I'lum nating the photoreceptor with a series of pul sed
WO p@hiti4iinnges propagating froma wite valve, PeT/ub2001012959
the durations or the intensities of the pulsed Iight
i mges and their positions in the frame period
conbi ne, whenproperly adjusted as taught herein, to
produce nopotoni c vol tages across the liquid crystal.
The wite light originates froma light emtting diode
properly ddiEdd 85 taldhe heim|to prstRics omirfoddrie doltages\acradseitie liggidtcrystal. The

write Ilghtoqqgmqtﬁ%hoirh%?gm::ﬁrﬂgtmgfcg?c%e ED) )Cc?r +tﬁels¥\dnél‘ft SQ ceﬁtr&@g or switched
light soure@nif rtiod iveitle sigothsaure¢ is Reifchaadeor mntithﬁ taen ;ﬂﬂe/\hmmq fplethe write light

pulses is ?c‘?)?’l rcheac} ggcghwﬂiatt qh%{)ﬁgye efnfitedord v@fétn' el assbadte ﬁFl@t @alve is in an

rce 1s a tude controll ed g
optical statay state.f thecvsefight srarica ﬁ»earwlltv@ F?rgtfﬁ"eaﬁw PeYRIdungd off, then the

write hgh?%mlﬂllﬂjdeeg &&tﬂ:ﬁl@@’LtS%ré&hc%séﬁrgslséhtféﬂyeéﬂumé@érﬁ%sult Both methods
net hods rodfuce a train

prociuce # bS] PR o BSRS Gy 6 £2Ph TRV BSOR 1T Faiio orisa e scheme i

low in coSCARITBfficent Mdata wividindTiedréfoce eints Wwell-daitesd foandeivdthhspatial light
modulatoTherefore it is well-suited for use with spati al

[f-ght nodul ators. [0031] The gray scal e addressing

scherme entails operation of a OASLMin a charge

[0031] aC?H%Q}? s%gler gg&ﬁé@sntwgrs&\@@% Lrai® dMerdtidnher br @iABLef in a charge

vol tage pul ses such t
accumulathe rsglmeoﬂbr @aeiafrﬁmwﬂb eé@@hoﬁgrﬁﬁc%é’ét inage a@%@ﬂ%"'t&‘ge pulses

such thatgtﬂé' ﬁgﬁbgﬁﬁ%ﬂgﬁ@?dr%c?lf%@ﬁoéﬂ Botpdieed ecepkiatum whcwhulation time
of the phﬁﬁo&f@pt@r \gplcgggpgaﬁ%ngﬁ ﬁ}ﬂsp%ﬁn‘\tﬁt%ﬁ%&ﬁ\ga il FUreI'g %gm%ﬁevﬁroper gray
scale mdﬂmﬁtloﬁaﬂlm‘:‘fjhe alrity vatviet that aaist sbqtdrdiady a\y|tq; catle djjthe gray scale bit
planes, |€|§ 6@§§§%3§Y t(IP]SSP$ ﬁg%sseﬁg%t&mg rﬁ?@&%ﬁg r}?ﬁﬁuevgdfﬁdlé]ﬁly that the write valve

ficl val ve
liquid crystajuiath eyl stebla stefac(lgl\'ﬁﬂsthgtv&ﬂiﬁ@e sriites togithgiofenig receives the

| f\)(,ﬂ{ R9E il thi fOnt Qurde. before it receives the pul se of
pulse o vvrletggll |rgt %rgmét%hé i ght source. [0032] Thispis

conveni ently done in one enbodi nrent by devoti ng equal
0032) Peri ags fscbo%@érlﬂeﬁw déredm driveemBEdinEing b fdevatitg biual periods to each

bit from Ng'ﬁgstg%grgl?%glg h%gn E&%fﬁﬂ gsg‘n éng LtgoB% l#h)ei?%gcg ﬁ?gy scale data
packet. F&Qdi)@mpﬂéle‘od 0 dits @h gfayr scede; they dasatioo dbreedriht grfay@ﬁ.gle bit frame might

be 1 ms %{%J{ &e?l frlaé'ges Per?(?ﬂ a\'h%g e nidtﬁ%ﬁ@?rhggfjlm B%@rére EhRed with respect to

i mayges respect t?
the Ieadmbeadgeaam thg reakgeyakve QMLMmlnq@w@angggmlagmh multiplicity of input

pulsed |I¥9 h@%%ssérg%llftedalﬂq"ﬁ@‘?elmet ’dopéédh' étYleprédhp;bﬁls@ld’f g6tk light can be

mages are shif in tinme ive to ea ‘
adiustecolcngr dfEORs aISESE WRNDENP bTES ERHOBO AT St Fas Hit plane. or
adjusteddiof 4 QUfRNER lhﬁenélﬂj adri tsh \Wutdtion driveinfiensily genibedadjosted ie provide the

s f e 85 SRR G Tt ook ' Lo b

adjusted to provide the proper gray scale effect, as
[0033] t aughAn rE?'Fﬂ%(fi]rnent system using OASLMs includes three read valves, one each of
three colors (red, green, and blue) of read light. The photoreceptor in each read valve
determines the two dimensional array of the fractions of the total OASLM read valve voltage
signal developed across the_multiplicity of pixels in the read valve liquid crystal material. This
array of voltage levels developed across the liquid crystal result from time integration of the



[0033] A n enbodi ment system using OASLMs i ncl udes

three read val ves, one each of three colors (red,
w@e®@en43tend bl ue) of read Iight. The phot or eceptDUS1007/012959

each read val ve determ nes the two di nensi onal array

of the fractions of the total OASLMread valve voltage

si gnal devel oped across the multiplicity of pixels in

the read valve liquid crystal naterial. This array of

vol tage | evel s devel oped across the liquid crystal

photocunreﬁﬁ g}c;d Jcde@Nht fedBohdt €9'eakh q.apfscbfée B Qilaedl lof éitmination that, in an
uced In re onse, to eac

cmbocimEnt e PR 16 oS RsRANICERS) TP lretec by o
train of gaa)l b@é»léd)LﬂHeESﬁ@h tha veite ilighhs¢urOO%e.gni @1 oliayisletyUV LE , or other

ai 1 | e pulses fromthe
swtablev\xvpyg?qqgéﬁt %ﬁ?c(geu |deW\eQJ\"i‘3f1 g |o}oet W LED, o r
ot her suitable wavel ength source outside the UV band).

[0034] E ggB?ix]rme%@ﬁg%‘Sf‘?ﬁﬁé’é il iS8ded bSMolhﬂBi&%Sarﬁ@Mtrd?|hblhtﬂ@czdent on the

o et o . bt Sl Ebiy f e reac vive

when theslﬁ@nghy ﬁﬁ@amétubﬁ )bf e Whe Ii’gﬁﬁdul‘d@é ls%dMiEﬂé\d thtaught beirt. yn the case
of the oﬁ%féﬁ%%g auide Mk 9aued 8t 1M LRES bR y&%ﬁg\?ﬁtgﬂ @ the LCOS
mlcrodls@uy sied writg halveyagech modtnhtBSWhe toeltnutgmﬂ prbphE& esofhephght source

crodisplay (i.e. wite valve), which
of su'tabt?o"&ﬁegos llinthe out put from a UV LED or other Iight

source of suitable wavel ength. [0035] . Thus the
003s] Pr obhems Ghe ‘b?cSEIérﬂ' ol &ﬁutrbhﬁ%l tlﬁ@ﬂ@ﬁbr&%bm characterlstlcs of the OASLM

read valygéggﬁjtgg; :ggntt%g ngg?tagma?f %/hnq %%yg B;tjt ?&r{rgfn t\ﬁnte valve. The

same CO%IH&I%’[M&!‘: Wcusdea dbave v@mrrss@kmt & trmrm)pdicamhisgéanabgv@gltal PWM, or

digital %Wl naﬁdSLE?et@nt yet% ?%ﬁl}/: gﬁbonlstr%’\f‘g aa@v@hogﬂlov@vg&@le problem of
modula’uag el dutptionk e Wrttéle/aqbleobaerﬁd@fthmgtjgp@prqxgleﬁh@ Mar the UV
|||um|nat53n %&ﬁc él&? r]\qé%ldﬁﬁ hPé aiichié®nahd Qﬁ@'ﬂh%‘@kétlr@schérﬁctenstlcs of the

'um nati on _source Q. nee
OASLMbrwedolst Pel el 1aRI2EIRI it @Prwgt%m%defaéﬁof‘sﬁ gigyThe present

embodlrﬁﬁq QAshiNbReethid Qo@%utrﬁ}ﬁeaddlﬁb Gigtfienb tostnordesngexitygto the system
g nodul ati on sc&z qIggr"ﬁ)resent eggt%% NShe OASLM.
and, mopRQYBhkRkesRVANE9g SA SOt UIGF SRPTer§h ante cos
or conpl exi ty to the system and, noreover, takes

[0036] O%éLnt ar?%%seffs c%ﬂ&a%n E}hﬁe%g % SGRRLPACLSAE 'n%du‘?a%oﬂfush@ean OASLM

principles of operation of
structurs oharipgoin dheyacseriwationdmogei eh 0 ngj’t%'ﬁeﬁﬁ"@ﬁ\ﬁ Slectric charge are

|llustrate§itlﬁ¢9§§”3ear¥c\pf§ ki @93 LRowd @ha@ﬁ@h’c@ﬂlﬁsi Bﬂlarﬁﬂ)QE oﬂfhet dﬂﬁerent duration and
generated el ectric char rated

dlfferenq:aggalltugieérhtgngrlty resut i rgqug iﬁi‘?p Flfeg H’Pﬂﬁ% gg%regaes Sé and 56 at
differenBidcdtfont RRrodisfthe igud cew;téitrrhalénanﬂuei td fherdiffierent start times t1 and t2 and
liquid cr\\ﬁr}gl %gﬁiﬁlt@g%%tté%rmm aenggé ) ﬁ@%&@?&rég‘r’]sﬁ) ?50%22!%%?0 different liquid
crystal astioas sedpoesés @BlmctGQSteﬂpeqme@f i Aylrelatiypdy ffastt ljgwid crystal response is
shown ot UsBL i ioR (R hosks 88 ifnprenitit tie efbddiments, it is not necessary that the

read valve liquid response be fast. A voltage signal 68 applied to the read vaive OASLM
working in a charge accumulation region produces a step-like voltage increase 70 and a liquid
crystal optical response 72.



liquid crystal rise and fall tinmes, the incidences of

i ght pulses 50 and 52 lead to different liquid
w@eoostiad1odpt i cal responses 58 and 60, respect i REl/yS2047/012959

relatively fast liquid crystal response is shown for

vi sual i zati on purposes. To inplenent the enbodi nents,

it is not necessary that the read valve liquid

response be fast. A voltage signal 68 applied to the
read val ve OASLM working in a charge accunul ati on

[0037] rﬁQFl@SBRBQQ‘H&fSaI@e%ﬂ’{éSbM@@w mggcent ng@@%aﬂd) bantitveo input light
urd crysta cal, respanse

pulses cqrfﬁgpp@faag\y;t&q \1,§ e@g%&gﬁlcﬁ&q gray; §° %eraerﬁe apggﬂegent?’ocatlons of the

OASLM élﬂﬁorhent@fofﬁlm $mmnd with gdtpeputiodbs Ieaulmgegc!gmm n@amnﬁl@d yolage signal

68. The I&h% Plélp%%gs Nhg Bt |ﬂust¥£§%ﬂé\g§§§i‘ﬁ&eﬁ( Jdr¥ﬁ‘oﬁ"‘£nd dafferent intensity, in

Iocatlons 0 nonments of ti
practice, Hithét o diratiorr @rsipteosity or beib dusaiifineeiiRnsiy OBP"%Htﬁ pges relative

to the othﬁQ%; eoesé éd@? roUit the @Rbraprb&esit wlighttd 52 as

rate ave he different duration and different
|ntenS|ty |n practice, either the duration or

(0038} | ﬁgerlﬁmwtr%shaé fbdﬂrhmﬁétloenofarghtlprmﬁs;sw yandf 5D riieatt dreive at different

moment%gcle{%e%glrﬂaﬁlgttgppﬁ '(5'pq ff%‘liegp é It% n%gngﬁ@p gfaggjggfa 'E_gckte%lor the same pixel.

The comibldaltlsrﬁ baligts pulsesEndncha2 poriucés higgay sgale g@eg;)ogge 8Rdhatds a result of

alde t driecl by both th
o ol 4, P 1O TN o 464 o o
arrival of ieessapwises e |diffeTarl m@mﬁn?ﬁam gmepfand @hﬂh%mtébgu%‘g%ﬁﬁ write light

photons ?}%eQﬂ‘P t?‘i/es%aﬂe Sttﬂ@é( tl%aérméseﬁm&t&ega vbh@tpnké& régivesial garticular, the
rent char ccunul ation in

contributin & 2eeasAIP M bYSFEnTIEBL PUBS 5 olR AUy GSFicfpsponse 82 i

similar td {P\%&%nﬁm&‘lﬁﬁ 86tas§bé|ﬁteﬁerﬂth firsinmies50 o thermeraligrap pcale gesponse 82.

While thﬁﬁ?’rgé pylﬁgbs%r Jower lng?eml%l‘tgﬂé tr%lﬂgh rlﬁé? @rﬁ){sesgé‘llsemder than

rea I xel 1 ON.
pulse 50|W thatthlearst effbet anotheliovaliage 584an&st§©<bicaieéaowet §r@dm%&'9“'f'canﬂy

dlfferent TQ\ lng%latcég c?@arh,%émoeeﬂ ficH llnagrb%)’do?féaéye\/érﬁﬁé@hﬁﬂlttﬁﬁ pulse width,

ut1on 86 associ at ed
or as shown sn Flpuresé bp@afing AEOHPEREPM ORI %e%v%tefse%fﬁeﬁ%'sgz
VWiile the | ater pulse 52 is lower in anplltude t han

h I .
[0039) tsd/?/p}?\egghql E'r@fepfgpeépfrgéltllp ing, r?s[pgn]s_%%?,rw: qq'lg é)él qg.% arP%h? eat%rent times
can be ﬂ%ﬁﬁﬁé‘r@a@gr&&&scﬁ@t respgmBé dzcemM otdidulssiseartiving it fifferent times can

also ha\/;ea%ﬁ z?ﬂgqlrg)? rI Xlets % %l éﬂﬂ’el[g?ly |r1& ngﬁ/n%lgé{s wndths or both).

or as shown in Fig
Thus, hghtbvulees wangmgadtfferﬂmt remerg:mv@ﬂemnﬁ yalmﬁe%ﬂgfeaenttth@es during the

accumu%l%ﬁ erli)gg,%%] halk écﬁJatl %rrgéécfn@ﬁr@n@%yl dtaleefddpbhses. Moreover, a larger

nse r1o0r | U se arrivin rent tl
gray scalen aRBODSR P bEr el 3c¥ea” e@?}‘sﬂsé‘ G gy Tioht puise as
compardd abt thaul sres st I(?éialnigr)atlomrf Beergyt lightmpselseadhel OAIVA eproperty of

accumufaﬁlpg ﬂ?éP tg%gﬁ$r1%§ e %hg%e ﬁ‘na(rgg ?ah'(%vt/ét ﬁ% é[}ﬁgbfjb%};ﬁ%ﬁ% ) guersatlons of the

pulsed ﬁ‘gntlmnggeb 16 be enucresmatisr. var asamalad farrtd bit mixe hdata presented in even
length tﬂrllef hRI-GAE obLIES rrknd Bgrlcydq%na‘ﬁ?wméhaédcﬂmgﬁﬁhﬁéﬁé $LAdE represents a bit

equal” correspondil ng é} scal e respons
plane of\/tblpeqw@rtheampge @gpphtude or ratlon may vary over an apprommately 40:1 range

for a MSB bit to LSB bit weight range of 512:1.

10



gray scal e response can be achieved for a second
(later), higher energy light pulse as conpared to that
wW@b0oa/143105t (earlier), lower energy |ight pul SECT/Tk®07/012959
OASLM property of accumul ating phot o-gener at ed
el ectric charge allows the range of anplitudes or
durations of the pulsed light inages to be nuch
smal | er. For exanple, for 10 bit pixel data presented
in even length time intervals over the frame period,
(0040]  admbst d@h*eﬁhd asimbd@htior sargendsutredaime pedse rargieaditfiérence between

the MSBM?%%QS[L? gﬁs Hﬁ%li,eggh' Hﬁ{e‘gﬁ? S dﬁ%@&%ﬁ%%gg?tgrbaﬂﬂk@h Qé‘?lﬂ@ﬁ'\ents For
conventidnaBsitémemiightO bisngfareedlutid? tie MTR1O)] L$$| timssperiegrditigrence is 512:1.
The datagﬂa%p\tg%lghggsogs %%Ji Rﬂh%ﬁ@?ﬁ@ %lﬁ@l%ntzé E]a:‘n BS rdr fFi’tQJItr BMH&hage. The charge

ween and
accumulationi oreintegratint of de @botogensyated rﬁhééﬂ% tck%tﬁﬁﬁ/l ‘ﬂ'ltl'h use of pulsed light

images Ja%q}%dbggqﬁé %ataF Qﬁn&\ﬁﬂiﬁaQighfﬁeﬁrhtlysmtsﬂ&sd\ﬂbbball& briet abibly to create

ut1 on Btine period differe

pulsed thmagesrﬁfée%?a rBaveRs NERTRIEDET APedERAER 1 Fieaty 5‘?{56@6 change for

each grai ddafy Fﬂ‘l@@d GrABg® grofh tiid tmbttaken lmwag;sa bRhplaokaywen the write valve
accumu

images (| giewg QL& '8 ctrilan%r??gr ast .Ieup nform gd k@ta%%%r@gseﬂe OASLM liquid
crystal ch@:ﬁ@ﬂse(ot‘ imeglates) bamdmwjtvalusngﬂﬂ rrslmamrrﬂynalmutae iillmjgation level and
width of E}e? CS*]?maagﬂhEI' Eé{ncg %\%’net‘we?e EHlt SR lcgdaggéd bUBSfﬁéht the voltage on

reduces t'he anpbunt of time needed t
the photcmeemter Nﬁm&_t"agéo'tﬁl’ﬁ%ﬁge for each gray scal e pul sed i mage
fromthe tine taken to wite a bit plane. Wen the

t |
ooatl i1 Brie AN HGD K e oi PE A8 SRRl G, Sunich digital
modulati®h )i’§§:§l+|e6 baﬂ@ﬂ@crﬁeme a ngr&giumtﬁshaltaotealzaem\$ab§ltentl¢1bitm©@0t0nlc gray

scale re?qggp ‘: %Qtvs{)shéeo e{fh:glrlyﬁg %ﬁ%ﬂo‘& eérﬁ"%m@ﬁ‘iréﬁs%& iH-mode OASLM,

ere 1|1 sn
so the whmwgm seurcplarsiehe iphhtoreaetonaperaiget Y wayelengths o ) 3void interference

from thepnlé% QPEP egt Eflecftﬁrg%g%er a@r}ﬁ%g?ﬁg{r?y &eg%ﬁw%ioygd @ising the same principles of

Fig. § d%ﬁll%’nb@p\gl eben ABEPAGIONAYRoEHR PRES GIASS Séﬁtﬁﬂbv@b gefines a write
optical pattdhb2 QHQ BUleal RiptiaatRith 264, WyitssofiRhpathal 02yis mongiosed of a segment

along Wik paRAGE, €% TG Ertiten Beftn o EETh T Ar e puised LV writ
light beahfi sbérck] THd palsed &/ ber eiittqshinerordé bEDCT0Spepagateathrongh a tunnel

lntegratc\}l\ila f&lf'l ectlar&alen% @'\58&98”%%5]:36 Slgﬁﬁn{; rb%'gHstﬁﬁttéreﬁ’Fb kd EFdee uniform,

rectangyai iluiniadien dhatringtchgs dbe inbaa as@fp%wa%/ @O &0 '2%9%25&% Qfligplay device
112. Th&%vﬁéléﬁfi%i in %@ﬂ% .ll%%ﬁb%&@é@ tia@&g%&hb%ﬂiar@sﬁgrbéeen splitter 110. The

ath and areadotlcal
s-polarizgten (pgﬁher,gymquj@n ig r% r%rpcaargérgqréﬁ?maquﬂﬁr !\IALC?E gﬂto the LCOS
device 1ARODRBBERArol Mgl SRS dl%f [;erVltiE@[D UVAIRD A0Sy BEDNIroter 114.
provides a pulsed UV wite |ight beam source. The
. pul sed UV beamemtted from UV LED 105 propagates
[0042] t hr@©O§exiceutifeprovideegnaeenonsedo imagefaiy dedivared s lGOS device 112

by contr%gér' 1%{]%\‘7‘ VAL BGhE hAerRE AP LbIEERE cbld} dongUneWt BBthe primary colors
(RGB). The modulated illumination reflected back from the LCOS device 112 propagates back
into the polarizing beam splitter. The p polarization of the reflected modulated illumination
passes through the polarizing beam splitter and it is imaged by an imaging lens 140 and reflects
off a tilted dichroic mirror 142 for incidence on an OASLM 144. OASLM 144 is preferably of the
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rectangul ar illum nation that matches the image aspect
rati o of an LCOS m crodi splay device 112. The

w@2@ohadzati on of the illum nation passes thrpemiS100®012959
pol ari zi ng beam splitter 110. The s-polarization of
the illumnation is reflected by the polarizing beam

splitter 110 onto the LCOS device 112. Light
controlling signals are provided to UV LED 105 by a
controller 114. [0042] LCOS device 112 provides, in

type desérﬂﬁe@CEHSﬁgi 01-BragearitatB afdhieveatiodalt ApihliCaBom dNa. d%_Cﬁ/lU§2§95/018305

The modeat%cg ?g%wé;ﬁéﬁ{ oUVth%whrl)ho?ore%%HBr LﬁgH o I&%QC%% ﬁéﬁ@é\?&éﬁéja voltage
across itgmirlid atysthl iayeu ﬁﬁrusavcpltagem@ﬁ’s@ﬁca @de@taeftelﬁi rqmntaﬁlen teghgorresponds to

the mtegr%??d ?fenjsgt;?ﬁ{h%pﬁg@{:ﬁf%ﬁ%Eeﬁt@\@ V\Irlhsehdm'b@bhildﬁﬁ\trbw&m14 provides a

arization of the refle

voltage singeica DS T14itn20ABR piesEBe amine IGh It RESL 2SR Rproer tming

SRL iddidehcadftid UV svritémged by an imaging lens 140
l'ela,[mnsrmﬁ3\m)nefI ects off atilted dichroic mrror 142 for

i nci dence on an OASLM 144. QOASLM 144 is preferably of
poa3) t RebM Rﬁ)tldﬁlsﬁéthbﬁllh intiJdegsan Arc3|ardpA 146,d whBhoémits randomly polarized

5 h
white llgenrtD rg?v hg %bh@)(?pa&a Oeenﬁ]%% ;S:J %%ggcé&f%ﬁgf g;}gr ?or];ned as an
integral ;ﬁ‘kaMaﬂMsembbfl ofpity'saeye lenglgé ag@y@§§0|qr§j 152A0¢ @,egpﬁft&r through a

focusing Igﬁ/ 4-Qﬂldsa Yﬂéé@&&aﬁféﬁ% @ PiovRret IWeaflyQJdﬂanzed light in the form of
at| corresponds to the inteqr

uniform, FastegsdarysvInglRE 6t BEFEEdT IRoAGRRPoO T e grye OASLM 144.

Tilted dlg%ﬂ@ n$RBt rabl Qépér&t‘éspfﬁéwmﬂﬁé Rghtointaadiee séegeréd tpimary color light
QASLM 144 to, _ena

h I
L N
Dependih@ohdea dfagd défiredlby tvei W\e write fight t{e@fmgjne p@lgdhgmtqomonent is either

transmlttga tlgaBl% %ncéglgrgég%%[wcaﬁa%% l@h gw\l\}“ tede:ml tp?oxnmlty to read valve

OASLM prépeagailtieg inhintugity awmlaéuphzcétth@rvocréﬁwct@ qu@s image content. The

{ ! a od4 fik ydigecRate through
modulat\IrcP I@F\P b@gmagr%ﬁé%ggﬁgﬁ thﬂ)@gﬁ @gﬁd%tlﬁi?g&a@t—lgr t?] rloydl e3e through a

h
projectiondenssi #Ryta QTS G THa0P FRIArIgIRL 91y 8 ISPy Tegeen (ot shown).
provide linearly poI ar| zed | |ght [ n the form of

[0044] . %grro&ngbiﬁf Ezs nglr@?%‘r thP é%@} nat %k/]l“ﬁﬁ§ %$§.F{a h\32 in accordance

with thedh(é@l'eoplﬁnéndata)rthé4tx?2msgprﬁrmﬂmi ng;m mhls&enmfgjmn U\WWiLED ABS, and the
analog I’P(P]%LE Cherﬂ o%roﬂgﬁ;r%a 8&'95 oAS h\% 1QQ%’ R&IEe 3shId bh81BE Tnodulated output

Fou e enses ( not s own) to read val ve
luminatiDASKA1a4, SDERENEN aTPLeTe gr@mg@alaerﬁﬁmeba henhrgke “substantially

monoto%"lg %SEHQBt é&@mattﬂh@reqy&ralﬂnbgth% élﬁfm}@ﬁﬁm gi#/ Rivélhesponse. With
ransmtted or .absor bed

digital dyiSe TRINRRF- Enblb PUSI SRy £5°% Bhl 1P JRPRERGP S, T0 bis of data. The
addltlonéle§ With | STt alr@tueaa itd yactmdulfat varousf nertieeaniiesespdnas e nonlinear

electro %qtl(gptgag:?r? %@ f ﬁ é;ﬁlsljtae ah >?aLl"Jw &gfﬁy%wgﬁé arcecg{)tagle that the 10
bit data transfagtunatigr log ewinotemid f@nthel%mqswgelﬁ@arﬁtbéSa col or

i mge for projection on a display screen (not shown) .

[0044] Controller 114 coordi nates the dj
[0045] O ATROASHMbfthe coiareasress neoph %O@GEB‘PE{L\%‘E% crystal assembly reverses

polarity at the end of each frame. When voltage polarity reversal occurs, the integrated charge
built up in the liquid crystal is neutralized, thereby eliminating the previous photo-induced
voltage across the liquid crystal layer. Thus, liquid crystal voltage integration restarts from zero
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with the i mage plane data, the timng of pulsed Iight
em ssions from UV LED 105, and the anal og nodul ati on
weonrned10of read val ve OASLM 144 to produce viBCDUS2007/012959

anal og nodul ated output illum nation having a

substantially nonotonic gray scal e response. The

phrase substantially nonotonic' is used to nean that

there is or alnpbst is a nonotonic gray |evel response.

Wth digital driving nethods, 8 bit pixel data is used
at the bé@nﬁmbata# @akPatate ! Q/oﬁa@ﬁ @rddhobdt by dhe diategratidne of charge in the
onctoreceuit BGe gl b PRI R SR ND g oley e procucee

I near
until the &fd b ther feprae! Veltages drodwned earlysnghe fname asea@ffrclively pweighted more

heavily t%%ﬁﬂ%eeeﬁ\;/r' uncC{ Xee‘?rctgg%é‘@f ﬁetf%‘- the 10 bit data

€ nonotoni c ?or t he 8 nost
significant bits. [0045] In an OASLM the voltage

ooss;  2FL O%Slstggefgpbpipﬁges@lbﬁﬁr{d {reUicduls bﬁbﬁbto@&ﬁmby charge and liquid

S5k KBy Ao e 0
propagatﬁ@aﬁcﬂﬁ Lzo$ devie iN2tdiend begiting oy teatea svaheefrarak ipzgdd produces a
photo- gegeliaég%t\ét?zﬁlg(la m narl]t | n&flﬁgﬁwqo hq%vé gr&gtagggl{a%e' H&QHI‘B@&' in'g k/&?él_fe level 202

cryst
that lastswabétagehe framgrpmnlodnA meie pulss mﬁmtmam dpf?élOb@@F rhWPH%;fty as write

pulse 20@ ﬁ)g?gépear{ng'ﬁth rl\é BB RIIHSSsh P%dbt:& !h@t%eﬁﬁdLﬁH‘c%tal voltage

hot oreceptor |Influence therefor% Idy ite oul
level 208 et hasqmlaid@rray@n affor thg erllserwirihsHbopfgr Wil PYFg 200 and write pulse

204, the %Kx@%%ﬂﬁcremeh{al ii§@d eRgstafvoltage fﬂf’r@f’ﬁhce\@lnt tseg) @6: 1 p As ducledvaveforms

frame are effect
202, 206ahe 120 SHEETPPHOS L Qrumca i peviels ahg ! Godip{dpoy and (10001)
respectn[e@f)@]a?t@r Qtffeﬁenoésfm ﬂ?d \xaﬁvegrqgumlﬁsrysthnghagetdale heeclmjamgd by reducing
0 ar nd liquid crystal voltage
the W”telpﬂ%g '&87 %ﬁﬂ’\? g\goﬁas”égﬁ@%LCOS light pulses. Awite
or illumnation pulse 200 propagating from LCOS device

[0047] Jv?o d@é %@a#&%é pé B8difNe, ta@@nd’xé‘ﬁgd ‘b?'tN@llcﬁJIé‘EBysté) letdgia level 208 for

es a photo-gener ated char ge V\,hl cg rmdlf values of
a write flspPE0 cey/SHENingo CAGRNPRSR P! WAL PH=5® v (e P B R Tms

such volgag;% WhAoln®s s gBR&HI, Qo idiedtr 8meepiquidadystal thdaErqspbes’e is related
to the rnzgéolgqﬂe %%Egggﬁ%sutgt?ntgtrﬁ'gs gﬂ%ggpvg?evnne OH g 1%’[ elc% dtR/Hl A&n monotonic
behawo:pd&élﬂldl eescdivebsasrit] Tiguexteptiyss ate dicgat ag@emtelvﬁlang%Slnge frequency
wavefor% ?P%h%;r%\omg%lggg é&rwg\%forrntge pul se wi dths shown for

write pul se 204, the average

incremental liquid crystal voltage difference can be
[0048) 1Q—I<§we\7%$s@gpﬁcm‘f@vﬁfaﬁbé@szcﬁgb fo?%tuaﬂﬂwsZ@BwﬁQhrm&mﬂdmummatmn is

ool sttt BT o TR0 00050 A s, e

resultmg}’ﬁbr\ﬁeacldlrﬁt}ltﬁé rﬁ’fsyﬁdlt%be\h@ldeagﬁe cah sbiiciebtlyalangzl tdolgad to non-monotonic
reducin

gray scgle ﬁ%spo[\g% J Ss %rtpg u Sr%xn s, 'émpﬂfgggq‘né&létgﬁ shl&BBvave voltage

ve orns are
on the liqnidi agstet] Ane adantagpiod congantrating dia gt Aukspeneaz (e pgginning of the

frame ISa’th{ héﬁap Echlﬁc? g%%gairv%ﬁ S5 RGi AR ®aNRE NabhioRpragdrlies of OASLM.
0 e rnms val ues of
Less |Hum|natlon is required to achieve a given RMS voltage and a lower OASLM signal voltage

may be applied which may allow improvements in photoreceptor characteristics.
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such vol tage waveforms, in general, do not add. Since
liquid crystal optical response is related to the rns
waoolovagaoand if the resulting rns voltage wavePOr/Is20aT/e12959

not additive, non nonotonic behavior could conceivably
result. The exceptions are direct current DC and a

single frequency waveform and harnonically rel ated

wavef orms. [0048] However, in practice, it appears

that for situations in which nost of illumnation is

[0049] Cﬂﬁl{ﬁ% 6ﬁﬁLﬁﬁlnbﬂér@détar;ﬁ.‘ls'ﬁslf&ﬁ}vmtrfdl@ Féadpeiieichayeaasstines that LCOS

fquid cryaUAEreRBS? ARACE B EbBaRIe! SFE (- SEBY o) Blfofs B umination
puise stal&/ Dfs b@nﬂnaatéstt@ tho switehivig speed! rgraiyervesisdor @gﬁ@ngﬁecrystal material.

In partlc% i} pro \?oﬁ C|(-9 'tﬁ?«% ﬁosf tFJH qigéht&%ﬂermgldl é\ﬂ/&‘al director settling

age o st al
intervals ady amtfamt tlme footﬂrehEDamls,qa@ qrhgtepp@hghwe§erer§@gi;tlvﬂye in the frame

time  (for : ae%rB“ﬂ Q}?ssté’r%gt P@vidh J@Wna‘t Sthl"sh@huff'érgeﬁtr is! @i ghyc typet & I|qU|d crystal

t ai ne he inte
material GAGUINL be CRPIPTNEIT AAPERPI P&@ﬁ%ﬂ@ PiEcRPERL rtelis witn 200
mlcrosecghéf %Wt%g\/t%ésagﬁngnd G5\ e v@t%’@elyl ati fmebgreeb teagtignade would be

suitable. FM%T(M eq‘aéuptv&rtm@ﬂ%ln%%p%q Irgetlv%%lg F gg?yéltﬁl Hétenal wnth sufficiently fast

switching firh&gfon@blop Begladrtiapopbesatiornt are alga avaigble. read vaI ve
i mage assumes that LCOS |iquid cryst al rrateri aI has
reached a stable optical state

oso]  bédiboeght Hés |pps=utnhartatusgrprmwrgéeg%v‘?%gfafﬁrﬂ Slog8 ip1achisygdne correc
binary wégh{sh‘?héwr)@ bE@ mth%ljld @\686&6 bfeQJnrhb“&ablyqlhigﬁ because of the

stal nat
R Lok 5 e e goes v
spreads Yul &5 QbtaSAEW Idsngvannt as \p@bslb@ndventhé|fcaremu)etlo¢teTlﬁe)|method can be

accompl{sﬁgd L_ l%/gﬂgam{ul?zﬁi\g ﬁﬂglr qltgﬁq%{tltg BJ,]QQ htuc%S p;\?/ﬁgé \%h% dlﬂy factor, or
various ddmtﬂnaitmmeldfmmnm pepeEion tartlye by p@lgﬁts pf quglr@.} 3lgt’[%“y encoded gray
terial should be applicable. For exanple,

& roel ectric liquid crystal materials with 200
m crosecond switching tines using 1.65V drive voltages

[0051] atFlé%Sﬁ?ﬁ@@ﬁé&Sﬁ‘bl@f@ﬁﬁchﬁé dakebisubteadpread bat ewnnly over a LCOS
T A R T R
pixel volCézjeOﬁatéqwnaas i2a2b, mo@hahltenn parieds P82 an ardvidedfor [tomBw| off the pixel
LCOS |IPHI¥12{8’?§?| g}?t%rllacl)n?ﬁ% C?%t %Hﬁﬁgk&h%gﬁs‘?@eﬁépr\/anes with the datum bit

ieve the correct binar
being prasémiad 40 theheCOSOBIaiadispiByntivi ARRIOWOIANR reialbe 'ﬂ'BmH@t'OH levels are as

indicated! {H %ﬁj'?z FRLYcd t%cébe?lep@sfltldrhﬂ therfanhé ﬂﬁhet dmiﬁéthe illumination level
resolution needed t |st|n ui sh

provndem@prmr@ardmghtﬁ%@t%eﬁm% BBl Sf?ﬁg ‘Hﬁ‘(‘s é&‘%@e Shown in Fig.

7is congtéﬂﬂBMrn@ng e@@*S&It hrhten@vefvetlmmg arerige anddall dh@ermum@rystal material

osoret e o OB A B 5 1 8 e i ot

matenalcenﬁbllngttlmermﬁeotftotd@ecmnnperpa@pdp[ |‘8me tesulting |Ibqn@|nq\’;@ng?ﬁtgern produced
by the PESR Po?sﬁ'\éeﬂxg' b abil ¥eGaRECfo @@y 05Fal howd HE.read valve optically

addressed pixel data 228. Although the liquid crystal responses in Fig. 7 are shown as having

scale va

trapezoidal shapes, in practice the rising and falling edges are S-shaped for ferroelectric liquid

crystal materials or exhibit exponential decay for nematic liquid crystal materials. This is not an
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[0051] Fig. 7 shows an exanple in which the data bits

are spread out evenly over a LCOS frane tinme to reduce
W b@7L006 bandwi dth requi renents. The frame pePCDUS1087/012959

divided into twenty pixel voltage data periods 220, in

which ten periods 222 are provided for turning off the

pi xel LCOS liquid crystal material. The LCOS

illTumnation intensity 224 varies with the datum bit

bei ng presented to the LCOS microdisplay. The

lmportantae%hﬁét{diﬁgf& !h@ MatN&d isirlcanit rast !mplieevaldaffereet agjustment of the bit
I ndi cated in

7 The .co
uminatio i iee ke 9 s ZR Vo T o St sher BeBrBaT L dos
the binary wei ght photoreceptor vol t age Ievels The

[0052] ;dﬁcrgo %?tL s ¥ g&?é@tn%ﬂ%oél@r & nt‘?al'rﬁoé‘é)rﬂ% ECijMUStneﬁaquenhally

erva he rise and fa
address ¢4 b theititee rgad wlvemd @rrrigaqeaqhefsﬁmﬁs'@*@ perlies "f'ﬂtait‘e é%%ﬂqva"'e frame

Iength is QIHrIee tﬁn&qmélt oy trif ll_@étse@h SyeH Q%yéﬂeﬁﬁ s of ahd tﬁre@Eéach/alves frame

o oo ok B o S B e S THEC e opeas

addressély @8%"8?%? %léeb&oﬂ-% feRid vahe tai Ixelocdaicamkihe sseyupart of that valve'’s

frame pemogeﬂn @échcgztgls %H%Fﬁ? ﬁ \élgra\ég gR% rrglg iv tl?{ﬁ’f‘?%@&&?q\at optically
addressddpixegdaté ;an@ssfwmcasrehawarvg aredpeztei! dwar ém@pégmnm of that read

valve’s f 8?8;: é' §&1 5 Bifi hﬁi mjm{nga{)ﬁ P%ﬁ@gea?\datb%ﬁrrﬁﬁéﬁl%j OAELM applied

[ECt?ie erials or_exhib
volitage. W(lﬁoﬁr@nq;pt@pilwg@@rysquﬁ phéﬁgﬂqq@tqq ﬁ%l”)ﬁ'erSf%{T‘e penod the amplitudes

can be a{ﬁ?ﬂﬁf rhéﬂeﬁf bﬂjé]r‘yswé@ht@@tasatﬁérféﬂg NdsaéredH |ﬁd;!1hdmjt|h Ql‘ie fras value of the net
I's nmeth a differ

read val\@jreagpmlfy e Qﬁ%‘-%"’t‘tjefgﬁt“ﬁmnggﬁ WrghigA Stk slee?s or

duratlons on order to achleve the proper weighting.

[0053] [ 3’8‘1%‘11? %g? %feng &ped b ez?wt (lnﬂghé Ba@ deth but does not reduce

ITUSt sequentl a dress
the bandidih tofa trirgmuhy mea freatgz tina¢ vassthete ?Fﬁga@%wf%/ Pﬁr@ta ¥lipryals required

for oper%tmﬁl 'Ir??%(‘i Fé“ etat&ﬁ Ja?é‘cgs\éélld/seesféf%@ﬂvé RA0Brutios Helaé@@ of a rise and fall

such a syst ch of tt CF
time respomsseot adiovisl Uysiak maksiah&UrbaEPiS: Hiiai pn grplitude range may

need to Eé%g\%gé%cﬁ%émfg rn@lf:rll ke 9123¢$§|rhg’ég Wﬁadewﬂde\ﬁmm'ﬁbtlsn amplitude range
e i R TRl g o
be switcM8d 8icklyl LBDE opesseodiodkbs apy thetmost likelyi s@um/f@ntmg siod f illumination.

The LE%&@? ég}é%\eg lgqnceg‘n?&du\{aqﬁé a%?ort%h == gcfpeﬁh& ?étb)’As an alternative

a ses each val ve are

to electrboncaﬂmbnmmg thén dlutm@thm g L&FOP ipatica! davgls,anee epfcallysampled.
peri od, tohm ?)lAm ze the illumnation required and to
m nimze the OASLM applied volta WIh the opt L1

0054]  ackiBeds 6HOWEI 3P LEPSAISPY HUHE R 8‘3%'% the LED

amphtu&eh@f tﬂéﬂ&del glemireaibn 232ap pelaxconetaet gndthedrED we:h\gma ¢ulse widths are

e Fuky b bR NRC R, B S F B lc n  cc0s
iiluminatidre 2@8 ghised vibith patiseswitt] 0bs3tatpre hietieiny dspseied tonthe LCOS
mlcrodlsrp %{ T?1et Z)?%)fﬁ%g{é %I‘:ﬁlvé %%lsg%latkgaeﬂg\@sqﬁ@c&% n‘ﬂﬂ%ﬁ 8NThe combination

a mnimu

of bit pedidereirathe BaAEtiremanddne ilapigation 8P\§8|“§d{h§dzrpylgas 'thé Binary weight

photoreceptor voltage levels. The illumination scheme shown in Fig. 8 is pulsed after the liquid
crystal material response 234 is stable so that each bit has an impact independent of the liquid
crystal material response. The pixel liquid crystal material response for the pixel bit sequence
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for operation. In addition, each data pul se | oses

effective illumnation because of a rise and fall tine
wo e@posHes of the liquid crystal material. FurtPEr/ns207/012959
the illum nation anplitude range may need to be

changed over as nuch as a 512:1 range. \Wether the

illumnation anplitude range is an i ssue depends on

whet her there is sufficient control and whether the

illumnation | evel can be switched quickly. LEDs or
1010101dﬂ3i@,fsh@w¢|d@234 earidn@e resditing Keminasion mattefroprodhced ky tee LCOS for

e e G S BRorASoER §Ale BRUSH BbFAIHE RRY aoa 200
al ternatlve to electronically sanmpling the

[0055] i l e[lglgg}a%r@ FLI'&% tﬂﬁtllbﬁlﬁl crbﬁéﬁﬂn%te‘ﬂ%ﬂré%@oﬁ@éé 2@4 lVFig. 8 are

del ayed LLCOS p d f
shown asl tramm&iloﬁgﬁm HOdPraCﬂC%F%h“S’(”He aJEDf%W&H |e(dl98é %ﬁe renaped for

ferroelecﬂn@qiidlé |dﬂ\?§t£‘lama@éha%3%r|é<ﬂ’tﬁﬂ dxgaramtiandesayd forheekbc liquid crystal

divid pul se wi dt hs are va e fra
mate”a'Sr é"QHYGineﬂe*éanHF% tf"’érﬁ“ﬂf‘%l"f&dﬁéd@eaaqog PO or%eseg?o Bt the Lcos
responseleh‘-é 4t86¥rdd, langibeakisen 23 2isp ahd éallirde$ areaessestialivt instentaneous, any

errors resfﬁérl{ga%};%)gﬁﬁa@o rr(:f‘ss’eie %’18 dfaﬁ chntl&e Iae%oi@aer% %rﬁﬁfonlc c?ray scale

"ati've pul's hs are _as_indi cate
responsd betidvipr @&n Gdexpested.nAlsd @s \M'Fh H’Iet medict plofigi A, fmaractice the frame

periods {f té?éTganaé 'P@ac?OQv% Srd dhAHEHIRd O 1124 SBe Wintd hﬁorﬂéﬁtﬁ ﬁllﬁfiv the LCOS

nary wei phot or eceptor vol t age Ievel S. th
modulatipn | tanPeGHr|i BEars @gm nea,gh reag ;v Iv&ulrgagl& a']l'tegrmlmmlzes e

|Ilum|natlBH?e\JeISQédeOﬁGYM@Ita@&é eédu&bdfesponse 234 is stable so
at each bit has an inpact independent of the liquid
cryst al material response. The pixel liquid crystal
[0056) W&h@fﬁealpoe@smonﬁﬁatfo@roﬂ the Li@@ldrivirtg mqwanﬁt_g@ylns that the

own. as,
OASLM Bgﬂ% crepbcp' uc%% rﬁ%}ﬂ{\% t‘%:%%u'# %t'\é}g?]e pdlj)f(ﬂgrﬁéta)t@;nsbel time than if the
impact of BpUSROS resparisevimesswersaayoidgdy As Ghevean Fig. &daw&%ee preferable to

present FLXI‘?{ZO@&A%BZ(’:%Qa ﬁr%@@é]thep‘%epﬁnhfhgterthgﬁ‘bﬁ@d/aﬂlfe frge périod for LCOS
crystal terial responses 234 in Fig. 8
reSponS%tﬁt@b&l%ﬁm‘ 2y ?"Pﬁﬁ’é%b’d‘éﬂ'ght%%’ﬂ“”q RNpractice the

rising and falling edges are S- shaped for

[0057] ;%ﬁ%ﬁ%%{ %tg{s'rg:g@a@% est EEFDe{ d)%lag ?q% a‘ﬁfg\.& %\X/ duty cycle, since
LED 105Tatet ibel Sirnddownk\fer potbemau:me ttdd@nrr@t ked tbe bty Rjang dgiregnd the time
required r}? a@g%ﬁ% dérogta,‘rlﬁgteeglghbileuigg delA®e 1”9%89@3?’&)%& the bit plane data. In a

and rise and fall tines are
orojectionswoten af & yporissaeaEaBl ETetE19e & PHS M 490 b RaFq!dese two times

can exchdlf 4bEMRcFdseBordiad Fhakdn bilges thisCostivricied naliseduniae! Brthere are only
sca res

5.56 mll%qc:ﬁngshéotﬁleqwgblgfforl:ﬁggres,smg tq%ag$lg§ﬁn’& g%%@e%pe&ﬂée?a@(ﬁw) then only
1.5 milli§sion@d arefeft fve pulsirge LERathsy dhieesag req@e faishiighepalyLED power to

aCh'eveﬁﬂﬁ'S@Eggﬁ?{éﬁangPi% @5 gg finth raﬂ!: ow the LCOS nodul ation

’nni each read val ve frane.
This m nimzes the |IIumnat|on | evel s and OGASLM

Vohﬁ q?eﬁ QUL BRGws {r{eoé_%ﬁi tPOWIREN Wﬁfé' ;ﬂkeﬂ alt bﬂ‘hér@tdr MEs even rate.
[0058] % % gnw ng nmet hod shown in g L s, h%t t he

To allow more time for the more significant illumination pul es, the ime between the lower
significant bit pixel data may be shortened as less time is needed for the LED illumination

pulses. Another variation would allow less time for LC stabilization with the lesser significant bits
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OASLM phot or ecept or vol tage may need to be higher due
to the LCOS rise tinme than if the inpact of the LCOS
WO e@posHes ti nes were avoi ded. As shown in Fi g.P@I/U81007/012959
woul d be preferable to present the LCOS MSB data pri or
to the beginning of the read valve franme period for
LCCS response stabilization and start of fully
wei ghted illum nation. [0057] The method shown in Fig.
8 operates LED 105 at a relatively | ow duty cycle,
than the $héit ignifieah@ F- orusdanipde, ttbe eadr alldcatent tolld® Istabliizatiom®or an associated
takento t plane data and the tine required
b'te)(posfué? n{aﬁfeb ﬁ%%dw@}tg? mat eri al of LCOS device 112 to
respond to the bit plane data. In a projection system

[0059] OfFlgf‘ d ¥ %elog%%hﬁ’@%tg]’!rﬁ R E%ﬁﬁ%ﬁﬂg&pﬁﬁegfb% Mrd@dP256 h%t implements

I mes can exceed m cr osecond

a var 'at'%f’” tﬂ’&q}pbléﬁ‘é dumingiion pabgaBEoWN i Fig- Kb EOFRI SOyt 2?91&%“163 a write
data latcBB2UHYa Pearlddth Iatkls 26PNE RAwodighalay 8t ragh & #vate the column line Data

) addressi ng th frane se uen tion
o e Gefa/ 450 A5 bt ot HEoBsce St |t 8 REBL el B8 e gt
latch. A [badsignyl is @Qplnécﬁtof iherrbyd baghatohak paEDthEodata ctrothacdut;m/te)f the write

data Iatc%gggl CI ﬁg &g%é) g%ta %th?ﬂt ﬁnéaggfd Egkgﬁg%ﬁahgﬁt Q%O%ﬂrﬁepixel circuits

in the L@OSelrraa(t whlchtailgwsplm@meguemrqwéattommfahe awangnixe! datgeto the liquid
crystal. Aﬁr tﬁ@ﬁogﬁ ':ngn%i Qriet !o@@@@e bkt aLf é |Hrihé’%a??§atatl$l§htd:&%tructlon of

I ower significant pl xel data may be
each da%@ﬁq@ﬁ@g ke ap sdraplg; qlfealgasgé@a%doqq)pr twe tr@Egstors) and if needed an
inverter it\lvblﬂr&hgnafdré)n pul ses. Anot her variation would allow
ess tinme for LC stabilization with the |esser
significant bitsthan the nost significant. For
[0060]  e>Rixgdlobrcuit 260 eatlows vaitingctae duhage pladesdatbitbithateimen df qixels of LCOS
r MSB bit of dat
device 16}86@8%%%H8E8€‘ ifllous ?‘f\(%\%?—zg I'—ﬁcir'rég% fe dm@g%fxﬁfo ; gth'?e@.e ISB bit of data
to all theppizgipliartke pnxgbarr@y ﬁ@rutatkewoloméﬁ thentineigs ensta response time and the

LED pulgé‘rvsh&h'p‘}lﬂloﬁg The redL&RAhE! Bé{'Wtﬁﬁ iPN.o®s edics o\ AlitBrnatively, this
Pixel circuit 250 includes a wri

Fig. 8. ch
method ozyp bgwaeﬁ t¢ ngepasat Be K bpyoiesel LD ﬁe@ﬁ/agpgth%rebv@o‘@%tng the peak LED
powerrd&fuﬁbdto wite the colum line Data into the wite data
| atch 252. After the Row signal is set lIow, the data
remains in the wite data latch. A Load signal is
(0061] apfhei cﬂdcassnmrnmaveaellatirag to Fugtch ahd 8pmssmtelsehaldha freme tiree of LCOS

device ‘FTL% %hha(gffd qﬂﬁo Vf% 3&&37 \gﬁt% Héﬂégp%rib%sr W?MQ&FC@ there is a

Slgn 'S connecte
significapi agyantagecifitoe emhret tee- mﬂxgsnmu@yompbﬁmal gamnee completed in the first

half of th%' ﬁ@bé%ﬁwmer ﬂ%@rﬂ @4 bé’ééu@& Iﬁ\?@l’tlﬂ{; kaMicPhX et th@mrgpof LED 105 to

S After
the photpirgepisy & PASRA~H {TRscr SUITERNCTSICH s HEBPURS PRt recuces the
peak-to-aferage hoﬁ@geara‘tlatabl‘bmye DSV Hiquip ey st aadpAsSLigathetoreceptor liquid

e j r
crystal s%{naxgwg }é?g{\é?}g 53%‘8836%‘1@6"%? %:It %‘Sgtlﬂg%ﬂanﬁﬁﬁkése{he photoreceptor
easier tqudesigng Hohevem@ecgntemlego@lt of the dlh@lrmtlf)a_\,putﬁeswxféesﬁr@if part of the
frame plég@a limitation on the longest possible illumination pulse width of LED 105.

© [0062] For example, if a 2.78 ms frame time is divided into ten equal subframes, each

subframe becomes 278 microseconds long. If the settling time of the liquid crystal material of
LCOS device 112 is 200 microseconds, using the disclosed scheme, the longest possible
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device 112 in a nearly continuous manner. For exanple,
the tinme for witing the MSB bit of data to all the
wp@rooehs31idh the pixel array can take as | ong asPe€T®S2007/012959
l'iquids crystal response tinme and the LED pul se width
periods. This reduces the bandw dth of LCOS device
112. Alternatively, this nethod can be used to
i ncrease the duty cycle of LED 105 and thereby
| owering the peak LED power required. [0061] The
xllummat:dhspll;lSéi@fﬂLEtDO\ﬂesr el 281 mgrésecbhgs. It7cam des dificuimes impart enough
v [ .
nminaip by S SETE- b MGpE B RS A Lt Midsotuton o
" this probldmeiies irsthe fecytiief theanweademht ag@acmatlmeoewaumlech shorter ‘illumination
pulses o% EEDOH#]SS ??MH!@%@‘E%&R@%%B it 7?_91‘?9*0%%@&@3” This, the time slots

his I's so becaus
for the lowesayeighidits £anibershertened, tyniealvrie i oyer %mqyssqcenf’ﬁeand the time

saved caﬁh@é Q5&S ?d)feﬂgth‘éf'n t@ﬁhMl%@)n';ﬂﬁe@QﬁQEd hes afrfies Ubperaesght bits. The

of time weighting and, reduces t ave
table belpw PIAGENP AT SFALRIBSL Dith GnEASERN § 5@%3%?3%? filsg {goduiation schere

implemeQthsd- Y ridbos (’M‘nﬁa(:@:tb@énbdgw d cr yst al sandw ch. Reducing
t he peak- tre—ayergge—veltag s the
phot or eceptorBéta ier \Bdt‘g% l',‘._'%ﬂ?ug?'éWlHﬂ{\ ntrating
all of tha illum natjon pul ses [ n(mrer@secrqrsis) part of
the frane a Ttz om o the 43ggest possi bl e
i 'l um nat ilompggsew “'256 LI:P lﬁﬁm—%r
exanpl e, if—agy78 nE 13 t 'S diggl ded TTnto ten
equal subf ranegg ©aciT SUughrane) DETOMEY 5278
mC[OSGCOIUb |ng [llg?ettllﬂg timpg of the |iquid
crystal mgtertgy of FOOSgevice 1127571200
m croseconds, Bgi Mg [ e d§ SCtosed schege,” The || ongest
possi bl ei |[tomggtTon put sg of LED 10535 78
m croseconusT Ry Tanbe dpfficyrt to Kympart enough
i |l um natijomfgp the[ VBB, gVBB-1, andty WeB- 2 Di |t
wei ghts i n—this amount of tine. The solution to this

problemlies in the fact that the | ower-weight bits
actually require much shorter illum nation pul ses of

ooe3] LEDFigOfo &@grdph%h@fvﬁfgethe d‘ﬁéorét(ilfal F%?vaﬂhﬁhcfwld! bry&6il voltage waveform
proucef e FERiTng SPLOULIA i bRCa TR 13 2 PlageREnptrgosmigpiauic oveta

combinativerof 200V rfitdr (Becities 2Vamtbe resutts fons thee daprpitiveadividereffect of the

drive wa'ilgfolrr%rlglt llﬂ

perwei g

RPB

Hﬁ"eéédt

Its.

L

B

biSigyertontdithtibdd for the

ow presents an exanpl e

of blts and rel atlve times for a ten-pul se nodul ati on

[oos4] Schg

read val{//%gllgjq

14 @'aeémﬁhbﬂgtn‘ﬁﬂfgl &Qb%nwrshb@m@am@ Redulatisn waveforms for one

N iEEBi Srare 06T SRESHATEt PP PO ARy PRdscnnical and

performauida piobiengs sistusasd ahib\bh§heablllc®v1a@@ieecrﬁbns thenmubedtaoh of 10-bit gray

scale m%ﬁlﬂét?{ne\&%ﬂq? rfbb

| GaSL it

ue resu

12

nation of SL
m t he capacit

di vi der effect of the drive vvaveform on the

[0065]

M 144.
Ive

Phohgh GeRPERe BNEids! GUAKH GRY BlcRd dr@VRy beL PR kkéRplary gray scale

sequence depicted. During each frame period, the image bit plane data are written 10 times,
once for each gray level so that at the end of the 10-bit sequence, each pixel has its gray scale
combination of ten weighted values to provide a unique gray level for that pixel. The following
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[0064] Fig. 11 is a sunmary tim ng di agram show ng the
nodul ati on waveforns for one read valve OASLMin an
wepirngs1dF ane of an enbodi ment i npl enented to BOI/US200TI€12959

techni cal and performance probl ens di scussed above.

The foll ow ng describes the operation of 10-bit gray
scal e nodul ation with reference to OASLM 100 of Fig:

5. [0065] Wth reference to Figs. 5 and 11, there are

10 bits in the exenplary gray scal e sequence depicted.

descriptiomffiicag thsgegh theatibiparaysgalerrnadylatggectinne pixelpé LERSdeiee 112 and
its correswriomge@xéqoéansﬁ%f SPRrfud or each gray level so that at
he end of the 10-bit sequence, each pixel has its
gray scal e conbi nation of .ten weighted values to
[0066} prAtvtingke tg cbﬂt'rqm 1g na;aubes/abplfoaﬁori bas Lpbkd algnal trteread data latch 254

of backp!gne {)&&Y‘ &%ﬂ% 250! (B (; on‘Lé %gﬁ %&@%ﬁgé%’% @"ﬂ%&%[}%ﬁg pixel datum

B9 (MSB)IftQm ebxer wstao@da mjcfp RR2(Fig o@)atTrmiada WSk Wit info08188 |25t at the end
£ th {iblB frhfe (RBNEHRIA)Er 114 causes application of a Load
ormepre ’I gnar to( reaéﬂ%}lata | atch 254 of backpl ane pi xel

circuit 250 (Fig. 9) to simultaneously load into it an

[odsn | RO LARDNRONR 1 1da§a\mgb58pﬁlhﬁﬁbn of arresd xel Dave wtggé across the

onotorecepfy Sy mgb ol e o L 118, B b Ui S hiton rom -
Volts to +{/O6 tidd t1 fonetart the thntwsordree pelidd.causes appl i cati on

of a read cell Drive Voltage across the

photoreceptor-liquid crystal |layers of QASLM 114,
[ooes]  whithenliquid eeysisd diectaridetrige pixel fapaten b hCOSAevica/dl1 2 sesrond to the

logic state Mob&e?l cﬁétuﬁ'l' B8 td prbdlife at@krbshORiidP Oh/OB Vrid EeIPBkéOfbitage at the
liquid crystal directors at the pixel

pixel loca "?ﬂ:aT eoll‘ﬂuéq C'D’et%dtf@qpf?e‘ﬁltfﬂé AP (YieaR GMawst PBEjme i3 fgge a stable
state corr@$pqridk®] tolileWVid Cled Rixed itiag8, SHuwWreaPpOREsHehs@Tikdef at Figure 11.

ater the 1epbfee B 98V aprBelebra* GrueRe Y Se 8 il and (fpnation putse
of specifiesf widtivdor iocideacsh oa LIQD[devist at1@. doisr iesyhonai axytitne ti e that Figure.
UV light-c :gtrf;; ﬁ%?l n%g{éeirnfo 289 o tﬁ@g\&@l ﬁ@)pggﬁl%@%ﬁ L-B de@Fce 112 and

t he respons , contr
reflects off dickraiss BTN 4ZD HISCE BeokVt ight FipnamriaHagh 1|9a|f§é insidence on

OASLM ﬂﬂecﬂ‘fe' Eﬂoth'&reBtd‘rQﬁuidn&*y%nTeﬁ/e%‘ ok FERI d/%WeC@A%l_K/I 115“@spond to

hown as 1 gure. ? ht-carr gI

locatized h?éé’%”ﬁé{;\é “BHff H’Pﬁﬁt Q%P?rﬁtﬁst‘ﬁ\é“?ﬁ QQP %F%ﬁ?ﬁg%\ lipgmi- voltage that

correspondedb tiske vpiie! pdRepotitheadV e.EDSmOffnfnadbﬁ pUBeCand Writd CéH Pixel Voltage

for pixel {Saﬁg%ljeggghénrﬁ%éﬁ”% volﬁ%eg llﬁg 8 eczt I{jltlr:ll'lpﬁzs. far?t[;lcfsme 12, when the

illuminatioor ygseilcolragpersling ta eawnvaw@msm pupdese spseribedoabove continues
ith th g 4 DS Ld Cg{@f g8fgpat es charge and
" ealé'?éé%tggééaa Igc% ggéﬁlq}ér 3 é%'teﬁgt cgpr esponds to the

optical power of the UV LED illum nation pul se and
oose)  WriHeetirbe lihte Rialeese péphtirdOsest @aja@bmetoabablgﬁmaﬂffeﬁm fReasliise widths

of UV LEﬁl@m@%&o‘ﬁ%Jlge%epr58$eesg{vglt Ic%n GG, BUSSr oMk

above with reference to Fig. 8 and the LED pulse width table. UV light pulses corresponding to

t2
crease in sync romsm for {he reasdns described

the bit plane data for all 10 bits are completed at time t3, 2.8 ms into the frame period. The
Read Cell LC Voltage stabilizes at a corresponding gray scale value at time t3 and remains
there throughout the rest of the frame period. This process holds true for each pixel of LCOS
device 112 and its corresponding pixel location on read valve OASLM 144.
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il lum nation pul se corresponding to datum B9 ends. The

process descri bed above continues wth the appearance
woRoov1kexl signal for each of pixel data B8- BOPCT/08897/012959

The tinme intervals separating next adjacent Load

signal differ and the pul se widths of UV LED

illum nation pul ses progressively decrease in

synchroni smfor the reasons descri bed above with

reference to Fig. 8 and the LED pulse width table. W

Iight pul ses corresponding to the bit plane data for

) .
o34 by P TR B g B 1918 408 i
light pronaaratlm pongi tegdpall) 19daprd ngidest gn @A%{eMt BanadewRas i each pixel

location ﬁ&gﬁfatrbhrrg%lﬁﬁuéoﬁé%?oﬁ&% of réAE deliare \Rﬂtég@dTh-Ehpr%duces a gray
rocess true for each pixel of LCOS device 112

scale 'm%ﬁdeﬁﬁ@sl?&rfr”@sﬁﬁ'mﬁ light fareisP!Yocat i on on read val ve
OASLM 144.[0070] During the entire frane period, which

4. visibl I
ooy L2 S ST 8 bR gt Bl PRk oS
system, il #4neredearyoescharacadde thexelitel lrgd:ratllhtrﬁﬂqi@harhazmtémﬂilc_s (rise/fall time,
output w{tﬁ tb? ﬂ)!gne Wé@ﬁ‘@ﬁﬂﬁ% 8. s:grgué:f'ﬁég gg altrol-rg?n\éohe i atu-rrc%“cﬁaracteristics)

ces a e response
write valye gt rerscpnsﬁ éfpﬂeéf?" trws7 op w:c'ﬁ thrayshpruioand sgpisast) and the read valve

modulatigit Péstp%ﬂgé 2 ke RIS QR GvelgRY of Grad Wrri@SQIQ@Sr%agés t(JSlrﬁrcal throughput,
S stem 1t 1I'S necessa racterl ze

optical eIy, SB[ AT PSRV BHE 364 F3CG0 RE AL Ph G Epponse times). I
may be rdcBBsarpt Phdravietibe fhd razidarsvaeioghibtidr redppgse at each read valve pixel

location ﬁh urg ne%;él%\%'u Lcenf togsgﬁgréaq Pﬁg;gt?r atr?uar }/%gé; gsd)to ’ Esﬂr& %z)ntroller 114
comprisitidh o6 g figd t prapchnuoal e agdted aamcyt FRGAeard an &mpfbcmu qulfﬁh integrated

circuit Aélé%ﬂgg@% g?aétg ({ehr ourg%c?r%%dv\l‘%\\@ >§i| ‘Eghﬁrgﬁor‘{‘@étraeor‘é%h@ér%te a control

i cal sensi ti vi n%
sequencesr | tesfl patmm at@|Q§1ﬁalbéhweré>rel\Mai'brét'%d’araeazﬂeﬁ limgriPh&ealg the LCOS

device pr’i@%e’ft&&p&@éﬁcé LRESHN pikd! t9BKePRaB8ERETRENOMSE.
aracterize the read val ve nodul ati on response at

each read val ve pixel location if there are
[0072} Si gmirhateRnin lr@CQrodééﬁicﬂt irpRemértinghter eamtbotiaderts, one must make a

eres o SRR 8GR TR 8 o e s
gray-scakpemidilation rif egr SIARILN iascdescridst On ey prsdows disouesign. A number of
approacrqu-:‘est %rr %é{ﬁgdé er?aQ/e t?ée\f\ed@éc)ﬁﬁlad Gk RoRt LRd il #l i@Fature, which provide

rate a control sequence or test pattern to obtain
Fatlonaleﬁfﬁ@m&i&m ﬂ‘@&ﬁﬁb@@?ﬁon data over time for scaling the
LCOS devi ce pixel data to produce uniformpixel to

pi xel read valve re S 72 timately in the
0073 br Sueanl 5T PN RER PR Rt SREGHT HERTS Mg ot i pgter resuit
than oth@rsSef Itersnstof Cuhieniry fsofootlﬂ';Dvwlr@entoinntdmg: gtay-sddl®meodulation, and
generallyng%lwli Lgen { lcl:rlr;ev%E)%%rfl\}% ed?c'irg Slvgl ti‘r% bed! ?é(su‘ﬁc @io@vever when

escrl revi
these algtiriduus sreoappliad rh@rrﬁairphmrcamys’@g@hegch 3% amsd hgh‘raq;@rne used in a

rear prorggtfdrh %?e?ﬁsrdrpﬁa’ﬁptrthrsrk%'n%néﬁ% bBsd0& thatl BE AR medtuFdy gray-scale
transfer tFl)Jnctron (EO-curve) significantly differs from the predicted result. The variation can have
many causes, including:

. Nonlinearity(s) in the integrating characteristic of the OASLM

. Asymmetries in the integrating characteristic of the OASLM
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rational es for making these choices. [0073] Cearly,

in practice one will find that sonme of these nethods
woee@duerodbetter results than others in terns oPCT/US2007/012959

achi evi ng snoot hl y-varyi ng nonotoni c gray-scal e

nodul ati on, and generally one will use whichever

nmethod is predicted to give the best result. However,

when these algorithns are applied to real physica

systens, such as an OASLM | ight engine used in a rear

o PreR:§Hsetinelfibtiohdm HE Wite-vaive $’|qO|6 romptaltroatelisier ve
that the actual nmeasured fer functi on

S an
e (EYeiafionsyn tegiantrestienrty- O%rrﬁ'%’(%)r‘é%? Fh[ %r edi ct ed
o I eRBhlideal RYit¥AinNG Ahafittérdiics 37 endranie-valus e particulaty éis ng function of
Nonlinearity(s) in the integrating characteristic of
t hEPMBRERM® Asyrmetries in the integrating
o Chamndeg eF betént cohtrblerddA\BLINE Reipeatye iltunmsaticar L&R1 ons
in the wite-valve liquid crystal materials
Variations in the contrast (on-to-off ratio) of th
00741 Wi t #heakfezendidndisclesuireswentidnsng S@ﬁéﬁ@dcﬁ%rﬁ%ﬁ”&:g"ﬂbfth's variability.

This stra(%ﬁpi\éﬁtbt Gedalr }Ié_eche%tchﬁ}él & it Bfgé sf;/éﬂﬂﬁﬁ' @in@lone of the gray-scale

ture I mng or current COﬂtI‘O erro

modulatiqg (redhcls| afehpicRURNA dherpronstacts Foingp! t*rft‘fésf‘?réf’%?tlé’ﬁ‘c‘éghe desired bit-

depth, sk@p@@ngscl%rtﬁrrﬁe Ftriaﬂjﬁa‘{)ﬁeééﬁ péiegyn frieridesatznsgerwiridiioh fone chooses the
vari abi | i is stra is to th

value froa} “t%%“’f‘é\"é@t g@fé‘(@n{h% é?ﬁﬁ)ssﬁt to a IStF anf?eg(lj%l&w V&t that point.

These chbited airé aecoreieloidsa olbomhmtabea \&hlehtllaehfneo omypternentedain the system

electrom%snge%a% angf Worl{ Lb%ﬁe%rgﬁ iCfis t.ng)oFiS&' b lﬁbt glgdﬂﬁjé‘l’ EBNI&RPe have a

olnt ont
significanttiyahighe bif-demthi 'bAP e cenlesh B¥StGE @A iooRowh glentiul choices for

each pou%’?éﬁ%%sﬁ& B _¥EvE Wﬁtprin&p@ PRestatégy ditrdsdeal a near-perfect system
ansfer function at, t atr@BOI nt

EO-curvg eyt e feRulss PR AEOFAONEY-SHRICROT S RSP BT AR el non-ideal

|n the systemel ectronics. For this to work properly,

(0075} SI gnl?_fq"@% f&%ns}q?t&ﬂgéy Eilggs glrglﬁt or?l if Eﬁg ﬁl%ra%tgrgpﬁé’e(g c%rve contams any
significafd@azitiveepoldrity furhpay qlgamsi Figure ha|at@g/sfmch€q1m¢a§g[qqlt E@ncurve 306.
Here 300 t}.eth?ﬁéﬁr?%oﬁ% ] Pﬁg?\sur@d %récf?r%' cFBt%alt rekSofde, 8h§ 2026&the input gray-

near - O curve even if the
code. quresxuetr@vefthtaqaesmwﬁganﬁaumgﬁ@t%%aﬁlowtﬁmﬂir%q 563 304, and 305. In this

exampleaécﬂoié'atsg%lé‘tre@ At 8h )érrBPﬂTﬂh@QélSB d%?@lsé"f%ﬁb%ﬁse arfai ;Sonnts 303 and

505 protome e oraod e s b e e S F oy e g o Trs i
typical k$aRs erfor §oleRpdd?, mhmvsm shec Bffective asior etthEMwer bits GO6. not quite equal
the welggfggmeon%t ?rtggf rﬁp E(S:s gglrvle dcag'lggt %%ﬁﬁégqnto a smoothly-varying EO-

response,
curve regamyessde. thekoak-we choives riadee siicgiherecarrtng awplgblﬁ datppoints in the

gaps to B%JQE%OWEFT'%@, S83e RQes ANGhitd InodUlatidh Sgorithms may not give useable

results because these gaps are large enough to create objectionable visual artifacts.

[0076] in order to avoid these unproductive choices, the following strategy is useful.
Instead of making choices for pulse timing, width, and current that are predicted to give the
desired EO-curve, choices are made which are expected to give a deliberately non-ideal EO-
curve with non-monotonic jumps at some or all of the "bit carry's". (Bit carry's for a 10-bit system
as described above are the transitions from 511 - 512, 255 - 256, 127 -128, 63 - 64, 31 - 32, 15
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exanple 304 is associated with an error in the VSB
pul se/ pul se response, and points 303 and 305 probably
w@omraspend to an error in the response associBCEUS20T/612959
the MSB - 1 bit. This is a typical kind of error to
expect, in which the effective sumof the [ower bits
does not quite equal the weight of the next |arger
bit. This EO curve cannot be sorted into a
snoot hl y-varyi ng ECcurve regardl ess of the | ook-
-16, 7 - 8, 3ot @ anigitlial 0B At - EhdivecrapinchhissdelibrEleX f@&tfﬁ%ﬁ&?fﬁﬁgo curve,

it can be éé%uﬁé?ﬁtlhgfi@r% doptifd $RRegy b:@%ougﬂl&scﬁlﬁéﬂéwEIW§@§w6ﬂd even if system
ial no n a use
vatations ok RS e o bR Per A Bt HoT o e raging! Predicted

response.Obj ectionabl e visual artifacts. [0076] In order to
avoi d these unproductive choices, the follow ng
~strategy is useful. Instead of maki ng choi ces for
[0077] pul Sihet ingtheg, fonigdnératiag the: pulse Aimingiav ol @ngradicptetp aehieve this

dehberategj Nén- fd@gl é@sédr@éj ISE% bWE: NB{éo{h%@ﬁnﬁ\éﬁ]eﬂﬁﬁ’gEtH@'&rbr@'r&her similar

I ber at el non-id Ocurve W th
method, regHrafo N 8RF & j Qﬂ@egﬁvesé'ﬁwlaspnatqd ovhiphanpeglculate the predicted

integratedCéifeel ofvarioliBipliseainfidg Sduratiord ah8 phise &Vr‘éhemrﬁ}‘:‘snes It IS fairly straight-
descrlbed ab e are the ranS|t|onsffrom5

forward tg gfeat 92‘?,160 Using agy of 41un:3b %ré)grafgmm Ia?gué%es and the
usefumessorsmh arl B dbviousal one at 1 - 2.) By creating this
i beratel y, non-nmonot.oni ¢ r re
+ FiupRihEaC BEBIEBNEhaE, Su il et S tpBEe i Ho%tny of the
praviseyly-disidsedeovethods vaym simukhrqesmtum rsful-ssaletvajue of approximately
S&ﬁnﬁi Her f’r@nevﬂsp%lr LR ek, [EHe! GSHONSR {oF eéﬁect for the

e ori gi nal g cted response. [ 0077] The method fo
C\Q@WQV\@ ef,ﬁ@;’q A Thﬁ@dg.@tmpﬁﬁs scr\mqﬁ iR th%mmymg(séﬁg)§ Thg 50% number

isA&spr&YdMat %pgﬁﬂp'rlafér firahy o@@@ﬂe@@:ﬂiedEﬁér@UDtﬁeﬂ ¥al@ss may be used
follows. Lﬁl Ierren ng this, or any other
derending iﬂf’dg'c %q% €S Wi use of an effective
o SEirfMy aith mrga L?fah 1) vdu? miml@aheceﬁbcweameghh@f guobdiucteshively higher bit
i nt.e ed,ef fect o r n,
oA S ] B8 L AR S g
e Thier m;ara;be@atedcioea&aehssmdmessmétg-hmengmiarqndofg withutineeMSet Thus, the
ei?%gﬁ% I@g@%rg\%hégés]rg f@gﬁ? é\qﬁl QIH lS@QH% %Hh@?ﬁec‘c%l&gd M&ht@ of the sum of
ali thei layer it ok ajjaghataly werras S@B’ éh%‘htbg digitasvaig taalye@fo e 12-value
pREEW S5 loy 1l &g FRGGHE LR UMY sOnisMesindineas 'él'éaté the11-value.

full -scal e val ue of appr oxi mat el y 50% hi gher t E°
* I praglisey Adiystonesis glotherrifan oo S gl ba BS%@@@%%& % will be
ehSUigh Pesc; lagﬁﬂnahIpVﬁ:t@éftﬁ@ta‘BjjL&iméﬂitenaydpulsrtri&ﬂtts be applied to a few of

d b d. h b
i TSt Ryt Bise e pBs Ry 1AQT 10 R BHTRElY ihagted by the
validtiens vatedezbavay be used depending on the particul ar

e K° F? ?gw\ﬁ\g ént r§t é‘ﬁéden %e%érn:et 'ESn L r'EP&?ﬁteﬁB ‘g%e dm‘?ent initial

each ccessive
conditions until a deSIred full-scale response and the deswed non- monotonlc bit carries

are achieved.
[0078] Figure 13 shows the EO-curve (310), which would result from modifying the original

algorithm of figure 12. For clarity, only the transitions associated with the MSB and MSB-1 are
shown. Note the non-monotonic jumps at the values of 256 (311), 512 (312), and 768 (313). ltis
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about 10% | ess than the sumof the bit weights of the
bits below that one. This is repeated for each
waeweasHadvel y- hi gher bit, ending with the NMSB.PANUus2007/012959

the effective weight chosen for the VSB will be 90% of

the predicted weights of the sumof all the | ower

bits, or alternately we can say that the digital

wei ght given to the 512-val ue pulse is 90% of the

digital weights of the pulses which conbine to create
clear that i E®-durvey gbube sorted tr arebicce smadfnisvarginggesfonsehand that there are
always eltﬁgca{‘oﬁg% fos $9 HhS& G & %snr% gr@d\’\‘els borfR.

so again in pra ice this adjustnment my

only need to be applied to a few of the

[0079] Fguire S1408hdwE antexenigiary shawedtlbe aranging rtas twrite Kightytd the OASLM

e B SRS TR, A SRR RN e of
OASLM reapeaﬁved Tmesdnnge wifeperiemeld for theHuetiodiof itk &aoet | At lock 1404, a
selected vgrﬁé'\/oﬁg p'éﬁ'%eltg o SRA90S KA CaLIFG;c\)/% gﬁft% 8%!5/% Tll_:us plxe! voltage is

-non t carries are a

allowed tqgtapﬁ@@s f\hé‘oéoﬁeﬁ\ﬁb"Q"BHI)UTCGAHVCIFE%%I"Hm‘r“@%tﬁpta'”fdr 6‘r’ﬁ>Ct6d to the

(front plad@?@lé‘dﬂo&ﬂntn& e Ik et oS! Mé A lidHt 88l elifumingfion of the LCoS
the transi ss ciated with t

s only st ol Raples RO AHICHB SR EonT O ToR] SMpliedty mposing a
response ltinge \daalayeBet@feeESﬁe(fﬁ'ihé)the5ddht|(03ér2}1ppl&rsdth'é680|(a'@la3¢nd lthe time the

controller 'n’?&&u‘?%% 'i @o%rc%QOCBNVﬁ)r ‘fl@en ?ﬁa edﬂ]g ﬁ‘%ﬁé‘;‘% of the time

I'ng response, and er e are _
delay reqwmmglﬁpqndﬁr 0'2 thye wride-valge diguiss erysiab feristatignyanib oh rtbe liquid crystal

temperatumaswéreférwo%feemasr?qu.& Q‘P}E&ils ﬁh&umel&e@W%ﬁ wb@ml %0’ and 200
for arrangin e wit to the OASLM

mlcroseccmdsm dekveitg@ﬁy-agg peMatis pna@g_a!q §“§6‘EP|°§H gaps elues of 200 to 250

mtcroseccﬁidec hé\%_rgi@%hgdéﬂnbﬁé«tl'efie@r yPlaﬁ'la}-ahW n@égrfeh@ il Mrj?sﬁé‘id materials
i rjve vo

require g2 SO Sratondo dninotad uen (g eY8 tosgliafns such as

twisted-neapitid eeing @llas psiaitialyosiatvean VehileatHe€o Sinve ideayy aparéicularly the ones

' g ; _ z "
sssocired i 1 oS MR Sot s B Secrfl oo b, oy are
importanttt@asme(rmmmmq)bamaaoorém twtreedyplvec | ayer of the LCoS.

Note that the light source illumnation of the LCoS is

[0080] Re?“rnﬁwgi gt ?—é%{rhe 4:,'[%?@?:6:1 ZB&S?I %E,f)tgg %@ak¥% babl Z c?t?cﬁévrlte voltage
applied, theelighy fioet tveesoutdeecausae atwrde dghitputdd erbeagpltieddranithe LCoS at block
1408, whx?{m%@%%tgdqgn eti F%aWar‘éQﬁquA%lerAmg% "1"&?& at rEﬁtage develops at

source e sane
the L.C laV%n dlethef OAREM prigpodienalyta E‘Gulﬂte@tﬂatéé peitediobh pv'ﬁ@ incident upon that

layer andwwst smmw@ dfltﬁélcﬂ.v@wowagle fpasmatéﬁ wmé fgt Qsdé the frame, the
addltlonalc\fz% Iégrgr;%/uiﬁt qu.%gp%ﬁwaiéwggé f tv el ect - C L %HB the previous

voltages inmtity Bhs@e @udso pfeiousante dight yuigdd. gned nerratl c cryst al s
and thin cell gaps values of 200 to 250

[0081] Across the frame, the gaps between applying the individual voltages for the bits of
different significance is constant as seen in the timing diagrams of Figures 7, 8 and 11, or at
least exceeds in each instance a predetermined value. So long as this is not the last pulse in
the frame (the LSB) at block 1412, then blocks 1404, 1406, 1408 and 1410 are repeated for
each successive bit (block 1414), from MSB to LSB so that the more significant bits are
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m cr oseconds have been denonstrated. Planar-aligned
magnetic liquid crystal materials require typically
wWQa®71¢31800 mi cr oseconds, with other types of PETUB07/012959

crystal fornulations such as tw sted-nematic being all

substantially slower. While these tine del ays,

particularly the ones associated with the

ferroelectric and vertically-aligned naterials, seem

quite short, they are inportant to assure nonotonic
presentedyepdigr by therfrarie ang dntegratadeovdrGOROPeReeniactiong highefFihjtuweighting as
prewouslyl‘ﬂes&*ltféae N&@m@héle'lwei@htlﬁ & bidRoddstidi i %tﬁ%ﬁ@' LR the light

tage a the light ffomthe source causes
source s (R BAHGRE B §nscvlnh (1R e amuTie cotudiane i pelied) pulse

amplitudel dépficaivbuvit dfsthdisoarieeiiht @na/dr akélidveedr Biecapsifedtvitte cell voltage);
a_vol s, at

duty cycle?%%l's éqr%%%#gerog 68';1[9 %‘%g@bﬂﬂe h'gp nﬁtpgé]slg%&fcause the same
Controllervvr1|4tcw'ebtsgm’th e 1seo$ hecigdarte/wptercell lvattageggplicatiah ddtbthe light source
anplitude of the drive voltage. For later wite |ight

pul ses in the franme, the additional wite Iight pulses

cause additional integrated voltage increases fromthe

[0082]  pDeee Ghis lasy|guage it flamef haﬁfbedbleer’h@teﬂr@/iaOWEthéﬁtepulse to the

onsu, el eok 0P S bl R ok R0 Rasy o iz

such as byfa Wi fzerew!tagegreribd ca by eevessiog pstagiht ofdbe sidea voltageheNote that the

OASLM fldnfa mla‘“k erglg%eqoﬁot':fbw ﬁﬁm@dla% f‘%ﬂerlt]n'e dlgét \P!titell‘f;@t'sbulse is written

exceeds 1 n I nstance a pre ermne
and integraigg é‘s@ daipied abaws: 'ttlﬁ@dV@%tﬁgmusS@ ¢anstraie alk ehide(write light pulses

within théﬁg} pattiol! QCrsLAdIR of tREMaPLO6K Jorkf 84 thd $0ke VMJ% &Mstill properly

apoty e S ERRRT et B Db ek B S e end of te
frame eveni theugit &pthes aniteckbhe aulseetre nottdaaet frrtheweadrel halt sfgh@trathe, as seen
at Figure q\ﬂ eét tﬁné ng{sop\?vﬂ% d f %{9 naF'F'teb\llleﬁ wrlgehs:t t'or%&eaesdifferent optical

evIl ous escr
read Va'VfPﬁ)dma é}tﬁi?drﬁ\/l fripesie anpmﬁm@elyetht&ammeh t_hel Ileggth of doe wete galve frame,

and is mnﬂuéh'zé'é“urﬂ%@g e?ﬁ%o‘irﬂ@nt%'dﬁﬁl ?f’tﬁr Jgir%eVWr‘tt‘ér?rénh@sl §r%| \ﬁﬁt‘i&d The response

te cell voltage Is nﬁ
time of thedﬁwdcﬁvstab\%?f Brthe 1RASN read I‘/?'gﬁt's aneeraHy ﬁ'ﬁén Pepirally spmparable

to or gredtérethapmié geadwhie) fenk ﬂa‘rﬁé t Algggch dblé)‘e&d_lf_ﬁ}t @ignar re‘éﬂa@énts an RMS
etall e

t h b h
e o YRR Sl SO B o8 05 ™ Pt Syigy v
continuoustyer %@Shbradmfeiale/ Wnd tifee cedltingoinbdglatiar there ahayobe apdsidered an

average ﬁ,ﬁ@u%ﬁ&%t F‘edér% ga,edé{g&] Once the last pulse in

rame eene tted as a wite light pulse to
t he OASLM then bl ock 1412 | eads to bl ock 1416 where

[0083] tﬂfé Réndodimhéite &f tHid1en@Ribi Hn§y'!ﬂ=l tiinglehffied 963’/0 bonﬁﬁut@y software
zero-vol tage period or )]/ﬁreversn ng pol ari

f
executabi oy o e s90l 1aees NBEATIERIRE i AEHONBLIA Bk ARFEware Sy, or by
a combinatitirt dfadoftavate and Ihxe&ﬂvaﬁétclrﬁtﬂ{d/ OWurtl‘Tﬁﬁid\I thisaeyamf it efiolld18e noted that

the varion,lljs ?oc > é)ﬁ‘ q%é l%jct, fl%Vv 8'%3'6?va\l&£f %ﬁs 4? gnai}yghee %%%rﬁdpé?gﬁ%g} steps, or

interconnggied Jqdia grqqltghlplopkﬁ @r@tfunctlons or a combination of program steps and logic

itself.

circuits, blocks and functions for performing the specified tasks.

[0084] Clearly this general method should be interpreted to include reasonable variations on
this concept, including applying the adjustments to any subset, or all of the individual bits,
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within the first portion or first half of the frane,
so long as the pulse widths can still properly apply
W b@7apprdpriate bit weights. In that instancePCT/US2007/012959

initialization is not done until the end of the frane

even though further wite |ight pul ses are not sent in

the second half of the franme, as seen at Figure 11 at

time t4. Also, where a single optical wite val ve

wites to three different optical read val ves, the
applying @ABlng bdjasendrds &ppeo}xibﬁanahg ddditioe ibsters of maultigicgtive alijustments,
etc. Al’chtohe \é\freﬁ%n e\séailg\rﬁt ge/ coﬁ{git ofﬁgrggﬁl\’ﬁ Qbﬁtbbg’rﬂé%rngg ||t in Bg%?f’%‘he_”t to those
skilled mTthe art#pd aseurnberecfohodifieatidnguind YﬁTWBaihaha?%ﬁO theseHeachings may
occur. Fgo‘%xMrf ?f‘@vﬁ*%l Yfechi &%‘ifsr tﬁ’%}\}ey bec'ciﬁrp\ﬁ’restey%dcnﬁl fh¥ contexrtng)f 10-bit gray

ara r greater rea val ve
scale reSPN*ﬂé“ these trashingr&ap dedsatisegarded odiderent wesalvtipussuch as 8 bits,

12 bits, MAbIS eQif ’ﬂh@s wmubag@ .Néatlom HadPbbh @btmeulamsi%dmoahd #8scribed with
rea n
respect t QR oRTiEY BUERG el RS Ll b7 HIHTBIRGH S OFed A n the ant that

certain rrﬁmiyfudaeo@s)ns bH@igE@ @ay meenhage thaell atthaut departhe) tlesi thekcope and
c 0 '

spirit of tfge I eﬁﬁuo as n%eq\f%éh a%rp lﬁ §h§n‘8§6je (gﬁ?ler nguolpéq\%ka?rgs.
executable by a data processor such as the controller
114 shown, or by hardware circuitry, or by a
conbi nati on of software and hardware circuitry.
Further in this regard it should be noted that the
vari ous bl ocks of the logic flow diagramof Figure 14
may represent program steps, or interconnected |ogic
circuits, blocks and functions, or a conbination of
program steps and logic circuits, blocks and functions
for perform ng the specified tasks. [oob4] Cearly
this general nethod should be interpreted to include
reasonabl e variations on this concept, including
appl ying the adjustnents to any subset, or all of the
i ndi vi dual bits, applying varying adjustnents to each
bit, using additive instead of nultiplicative
adj ustnments, etc. Although described in the context of
particul ar enbodi nents, it will be apparent to those
skilled in the art that a nunber of nodifications and
vari ous changes to these teachings may occur. For
exanpl e, while specific details have been presented in
the context of 10-bit gray scale resolution, these
teachings can be readily extended to different
resol ution, such as 8 bits, 12 bits, 14 bits, etc.
Thus, while the invention has been particularly shown
and described with respect to one or nore enbodi nents
thereof, it will be understood by those skilled in the
art that certain nodifications or changes nay be nade
therein without departing fromthe scope and spirit of
the invention as set forth above, or fromthe scope of
the ensuing clains.d ains: W claim
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1. A nmethod of optically witing to a read |ight valve
conprising, during a frame: applying a selected wite
w@eio/1¥3ab3 age at a pixel |ocation of an opti caPCTME1087/012959
val ve; after the pixel |ocation achieves an optically
stable state, illum nating the pixel location with a
nodul ated |ight source pulse so as to emt fromthe
pi xel location a wite light pulse; directing the
wite light pulse to a localized portion of an
Claims: el ectro-optic |ayer. of an optical read |ight valve;
and sequentially repeating the applying, illumnating
and directing for a plurality of selected wite cell

1. V‘A rtn@Eh%% cﬁ%?tté@l?%vrﬁlbﬁ% Ia'r??rﬁ I@Q%% dg%p?féﬁwg ﬁurlﬂa‘s frame:

d@Pa’tYMSr? spleetrd Wit el VC&‘B@PW ﬁgﬂ@l mav@n brn aglical writehalve;
ela@ef the- i ideatioy akhiefed AeopRfly kiabi sta V@nﬁ’fﬁﬁimg the pixel location

with a m?%l,é{at%paftah{] g%p% @5185 é«%%[%ﬁélez G%FFE’? Er{p'oﬁ?%gf ttlo?l a \Bnteqlgl'\t pulse;
caireetpotidl wete grapiulsako poeslizedf pdriien wif idreelecybioptic layer of an
: net hod of claim 1, wherein the
optical rEl[‘l']lélIf?%?s"al{;énan ulation of the electro-optic |ayer of the
opefieentiafy agpealinge thes appiyingt lomingting handwdiresting oot a plurality of
seuectedwlté%u b&taagg%e%&jm&ed 9% SRkd0sigds. ¢l ai m 1, wherein
lum nating the pixel location after it achieves an
opt| cally stable state conprises inposing a response
2. t imre relethay difdam f,i fushemgrhprisity, ac heoduratien setRClr&de, applying a

. Wt el | voltages. 5. t.h 4 wher ei n .
arive volfdls' B B8 sled Pl Bupnor e elHd|cbhy S e Elfasatfihat the localized
portion opther epiticalreafi lighf \@d:\teemilammet famme] Yoliagks ageespcﬁldm'ﬂ‘ke optical powers of
t claim1, wherein the light source is

he Wntegghp‘?‘gt ed in pulse width. 7. The nethod of claim®6,
wherein each of the selected wite cell voltages is

3. amabl rﬁéthBQ fof @aawrﬁtm@aelﬁfthé Iré@uﬁ@%@amaﬁ&@ thr%qéq@&trcs Bptic layer of
ime it takes for the@)lxe |"ocation to_ achi eve

the OPt'C?‘eraSﬁf?5V8£$|%/fU§P*£ﬂ o tae W faNiulsRE it TRRORR t he

pi xel location is illumnated with the respective
4. pLFhél ae?njt ? o) Vﬁ&éll{ngqﬁap{ﬁé yF tlllLSW(mltHét?nel% g*:gel fsugéﬁ{g&%{?oj{ g:gctarlhﬁdachieves an
optically stablme staiep bcmgd@eso'mmmm mmﬂpensmmér@meah@dﬁrstf apridngneach of the
selected ritdREN §oikgBBP! Yi ng the selected wite cell voltage

conpri ses appl ying an ON wite cell pixel voltage to a

first backplane data latch of the optical wite valve

5. amew@meawmum Atwhersial tR6 re&shdnkBRintd BBl 8¢ EbMaht®r each of the

plurality gqse\fwctecfwn{se cell vo aé;esvOI tage to a second data

We clai

6. The method of claim 1, wherein the light source is modulated in pulse width.

7. The method of claim 6, wherein each of the selected write cell voltages is applied for
a duration of time approximately equal to the time it takes for the pixel location to achieve the
optically stable state plus the time that the pixel location is illuminated with the respective pulse-
width modulated light source pulse.
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| at ch whose output is coupled to an el ectrode defining
the pixel location. 10. The nethod of claim9, wherein
wo b@7ogidtal wite valve conprises a liquid crBpGI/HE200T1012959
silicon device and the nodul ated |ight source
conprises a light emtting diode or a | aser diode
emtting at a wavel ength seen as nonochromatic at the
optical wite valve. 11. The nethod of claim1l,
wherein the sequentially applied selected wite cell
8. Vidhet mgthedafeciaims pewberdinathedight sherceris imeduiatgadn pulse amplitude or
-duw(wcmThe nmet hod of claim 1, wherein the sequentially
appl i ed selected wite cell voltages are constrai ned
towthina first half of the frane. 13. The nethod of

9. cthal Medhodvbresigini 1dwr@r]éih %_ptyh@l Weihiéteét}e@ Wiritp Well evoltage comprises
. conprises direct the wife |ight to . :
appiying $0ER| BEITIbR Fr ove gee 4% g reciacseli s ijeh Soe pptsgt wrte vaive

and subsepichtybt 4 saldcledgime trahsfesingams Ohherite celitdives! fvobage tosa second data
et o G5,y RS ke SORIRY B EL Mg 11 0 L1
14. An optical wite valve conprising: an

10. ell'lféc%ﬁgwo%p&f' GaihPY e%hen"élrpﬁ‘a‘ék@tlégﬁwﬁt%f \l'aﬂ\'/é"GorP'EK%s a hqmd crystal on
| ocations of the electro- optic |ayer squrc

silicon deyee é’ﬁﬁéﬁelr?f’q}‘ﬁﬁtﬁé HOhSHAEE FORPYISHS wllglﬁt %rﬁgtg ng dicde or a laser diode
emitting a€b@RivERNGM sl ad AYRGChremadat Bklopticaiaunt ediveo a
menory and adapted during a frane to sequentially and
di scontinuously apply a plurality of selected wite
11. Ciel methddagfesaiat 1.awbéneél theosegiuieotialiyf apmiied pelectdd writet gell voltages
Sdhe pixel |ocation achieves an
are d'SpePée{j\é% ?ﬁggﬁlesteg I ér state for each of the applied wite
ceII vol tages, to nodul ate the |light source in

12. aﬂ@h@%&%ﬂlélm ﬁh\ﬁhéﬂem?tr@t séé{ﬁéﬁhal&%p‘ﬁ@ﬂ eeleRtbdMvtileCeell voltages
vol t ages are The optical wite valve

are CO”StE?F“e@I t&l"}‘ﬁhi'ha f'f%firh?ﬁé’? r@ofFﬁfP? sing an optical read Iight

val ve in optical communication with the el ectro optic

13. l §e %\gﬁfodgoggq%\gnl { ewﬁ/earlen\lr[»edlreggr}% ?h:e\/wgtgﬁ gf\? g&ISQ ﬁ{ﬁ)riggs directing the
write hghtf pudseeio a latalizesd pmtubag:é an@l@n’oroecbm@tlayﬁraﬁtthr@el epfienl rehd light valves,

and wher&nethé’ %{r%a]g d GAg ééltwﬁgmé/ #Har & aﬂ;@oxnm?e@%hbq}%}d W 1ERgth of a frame

erein the resulting nodul ati on” of
of the ODTtCﬁbreéF’é'@f‘Wﬁb‘{ﬁS c layer of the optical read valve as a
function of wite light pul ses emanating fromthe
pi xel of the optical wite valve is

catio
14. rf%'hB?m?@’.r&el qvel’ﬁ@“BB?'? al write valve of claim 14,
wdreelectno-bptic lagat;rol | er is adapted to nodul ate the

a backplane defining pixel locations of the electro-optic layer;

a light source arranged in optical communication with the electro-optical layer;

a controller coupled to a memory and adapted during a frame to sequentially and
discontinuously apply a plurality of selected write cell voltages at a pixel location of an optical
write valve, and after the pixel location achieves an optically stable state for each of the applied
write cell voltages, to modulate the light source in accordance with the time at which the
selected write cell voltages are applied.
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i ght source after the pixel |ocation achieves an
optically stable state by inposing a response tine
waeletoas4rds er first applying each of the sel ectPCI/Wg100E012959
cell voltages. 18. The optical wite valve of claim
17, wherein the response tine delay is constant for
each of the selected wite cell voltages. 19. The
optical wite valve of claim 14, wherein the
controlfer nodulates the |ight source pulse w dth. 20.
15. The epicetafitawdlve of glaina o, fettrmontprisidgereioptiezioradfight valve in

optical co%ﬁ@ét%tﬁ% Wd BRcESbtiY %Je@gﬁﬁhé %vrﬁé)l%lv%d wh@Feif the controller is
uration of time approximately equal Bt he ti

further adgRiRaLo PBPIYL 96 15 LEPLTLELP IR SAIPEFIah P BpCRCHPIApIS laver o
the opticabiealllightvaie plus the time that the pixel location is
illumnated with the respective pul se-w dt h nodul at ed
light source pulse. 2 1. The optical wite val ve of

16. Cirel optibd) witeevave of letairhi ‘gﬁ‘ltwksamelndbeirssumm,l hratdetition of the electro-
optic Iayeeg{‘ t\?}% %m&%‘ {aea:é%%fﬁ{e %é ?ﬁérl?éfn% ﬁe h%ﬁte Q%éugr?]%g%‘ﬁdgt from the pixel

location otitemmntisalovride fvatvetis E(mob?néﬁacond dat a latch, and wherein
the controller is adapted to apply each of the
- selected wite cel|l voltages b%/-.tg Iylnl? g\l
17. RN Oﬂilcﬁb‘f"”'ﬂ‘f’o‘ﬁ‘@g@f clgim & where gicontroierrs 248 pted to modulate the
light souréélbﬁérqm%nyblkyl lla&ata)nsﬁimkecbrt bmg\llsg stdb@éllsfa%dté] bmmp&lng a response
vol t age e co t atc ose
tme deta e irSiaoonl A28 oo o B EE PR aetRG  ne pi xe
| ocati on. 23. The opti cal vvrl te valve of claim 22,
r |t
18. % Sﬂ»t[éat Wﬁteo?élgé(; %If }gf/dn C@ an Yé?ﬂ%éfpédé t§% gmjlé gﬁl'a? is constant for
each of th@@lﬁ%ée%wmwe@tag% ght enmitting diode or a |aser
diode emtting at a wavel ength seen as nonochromatic
theotlcal e va 4, The optical wite .
19. alté]evcéotg@ wits ¥ﬁ|\ie40¥ GRSy éx wpﬁrglrb’ﬂ:ﬁr%ﬂrg@beromogléﬁa%&tga light source
pulse widit i te cell voltages are applied so as to be dispersed
across the entire franme. 25. The optical wite valve
of claim 14, wherein the plurality of selected wite
20. Clglel optisht wgtesvaivecofagiaimi €4 wdereis ¢achod thesslerigdneile cell voltages is
applied oM Blifatidn 'oF rtlg{ %}%rﬁxnﬂat&lﬂ%qﬁélaﬂetheaﬁne R t5REPHr&he pixel location to

prog ram enb on a ne

rrsin nmputer
achieve th%&@ﬁﬁqﬂ@ staBlersiets elHs the tivs f'tﬁ*gg%dﬂ%g%cad‘iof'éét'@d"'”ated with the

respectivd PUBE-Hi@RIrhddUMge® AEhiGRUrcd pulise.| | ght, the actions
conprising, wthin a frame: applying a selected wite
cell voltage at a pixel location of an optical wite

21. Vidleveptical weite tvhl&emf?«maim_ MaWhmirgd‘m’ ghe ssoanceoist modiieted in pulse
amplitudesc}r%ltfcftﬁét e, illumnating the pixel |ocation
22. The optical write valve of claim 14, wherein the backplane further comprises a first

and a second data latch, and wherein the controiler is adapted to apply each of the selected
write cell voltages by applying an ON write ceil pixel voltage at the first data latch and
subsequently at a selected time to transfer the ON write cell voltage to the second data latch
whose output is coupled to an electrode defining the pixel location.
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with a nodul ated |ight source pulse so as to emt from
the pixel location a wite light pulse; directing the
wowrira4ippht pul se to a | ocalized portion of aPCT/US2007/012959
el ectro-optic layer of an optical read |ight valve;
and sequentially repeating the applying, illumnating
and directing for a plurality of selected wite cell
vol tages and nodul ated |ight source pul ses. 27. The
conmput er program of claim 26, the actions further
23. cldhepertisahyritef vaiva pkcldior 2. whersin haeopticalngite sigpleydomgprises a liquid

crystal ond&ificeh d’&}lé@gﬁd ttl% Riueh&s lig- éb%éé c&rﬁi&%es‘)& hghﬁeﬁﬁﬁr‘i’g diode or a
1 ght valve and i1 ntegrating, | ocalize tion

laser d'OdeGV‘T'Wég Gheivarelseifusea i WHP%OWE? at the qprt'ﬁﬁlé"" ite valve.
vol tages correspondl ng to optical povvers of the wite

pul ses. r cl aim 26
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are appliedespers tofbet disparped aaross dadtentad rem@s a function of the

wite light pulses is nonotonic. 29. The conputer

program of claim26, wherein illumnating the pixel
25. ITheaantionl witeetalvetof ptdiinelfe svhereio the plaralily eft sebgatedwiteecell voltages
are apphe@%FH§ e édﬁ%ﬁﬁin@g IQWItBRRPASENAIF SRhdahae af ter first

appl yi ng each of the selected wite cell voltages. 30.

The conput er program of claim 26, wherein the response

26. . WA lrmnmkaltary dr?g@aﬂSératbttdnédJrorea@gTeﬁw%ﬁecq@ﬁpﬁstmg tabnffuter readable
el.ec W e C e I ram .
matructor (i heitordt diali conetPart Wigin SouPec PEHohle. TR 8 actons

Compﬂslngwwepwfcﬁrm 32. The conputer programof claim3 1,
\Mggj[ﬁ\ed‘a sélggteﬂf uﬁtﬁ?e@ﬁ&lé&%@% aVHIJ(éI fosfibh OY8+V Bﬁg&ﬁ V\)n?e valve

appr oxi mat e
ahier tenrixeltlogatire achigres ar oplicadly stahiestatm llw'a@uﬂgetvé p'xei location

with a moamate@mgm@édrue 5&@.@'5@ a%ttéteﬁmpﬂré’rﬁ thd Bixki 1BBatidnad whiaa.gm pulse;
pi. xe ocati o th the respectiv

ﬁ’JP&Lﬂ"Qm”?;ﬁ R @chwcaoraavscs arhslecifoptic layer of an
optical reamblimwt/aWepamgr am of claim 26, wherein the |ight source

I [ityde.or dut 3 Th .
BalR Bhorind oS Codifihe o Wit Sl fnclipor oy o Buraity of
selected vy eetl edltagesw@donbcuulateuﬂlagtesmmqapwlsm appl ying an ON
wite cell pixel voltage at a first backplane data
lLatch of the optical wite valve and subsequentl
27. JheerameRyten preotama RS £BIM ZRgtherretions firrthes C@EIPF'S'EBX%F the duration of
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correspondingl toexptisas | ppeteesiofhietvaite light pulses.

28. The computer program of claim 26, wherein the resulting modulation of the electro-
optic layer of the optical read valve as a function of the write light pulses is monotonic.

29. The computer program of claim 26, wherein illuminating the pixel location after it

achieves an optically stable state comprises imposing a response time delay after first applying
each of the selected write cell voltages.
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cell voltages are dispersed across the entire frane.

36. The conputer program of claim 26, wherein the
weewaestipal |y applied selected wite cell vol tBOGEESHNE012959

constrained to within a first half of the frane.

30. The computer program of claim 26, wherein the response time delay is constant for

each of the plurality of selected write cell voltages.

31. The computer program of claim 26, wherein the light source is modulated in pulse
width.
32. The computer program of claim 31, wherein each of the selected write cell voltages

is applied for a duration of time approximately equal to the time it takes for the pixel location to
achieve the optically stable state plus the time that the pixel location is illuminated with the
respective pulse-width modulated light source pulse.

33. The computer program of claim 26, wherein the light source is modulated in pulse
amplitude or duty cycle.

34. The computer program of claim 26, wherein applying the selected write cell voltage
comprises applying an ON write cell pixel voltage at a first backplane data latch of the optical
write valve and subsequently at a selected time transferring the ON write cell pixel voltage to a
second data latch whose output is coupled to an electrode defining the pixel location.

35. The computer program of claim 26, wherein the sequentially applied selected write
cell voltages are dispersed across the entire frame. ]

36. The computer program of claim 26, wherein the sequentially applied selected write
cell voltages are constrained to within a first half of the frame.
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