PUJLSE W DTH DRI VI NG METHOD USI NG MULTI PLE PULSE
BACKGROUND: [ 0001] Previous nethods for nodul ating the
w@edoanizmat i on rotation characteristics (and t hpeT/UR®07/013069
net optical transm ssion) of a liquid crystal micro

di splay in a projection display system uses

el ectronics integrated into the display to directly

control the voltages on the pixel elenments. In these
m cro displays, the nematic liquid crystal t he nost

?rgan Q&@ﬁéﬁ%‘fgp@%ﬂﬁ?ﬁiﬁﬁgﬁ VO ages Y?nﬁ@?%’%r

to achieve gray-scale control of these displays it is

BACKGR ssary to nodul ate the individual pixel voltages.
——%@%rally there are two approaches to i npl erren

[0001] t hi s Piedevarmeshodsiri aeddpting gia RelariEaiirinotaling sﬁgfacfer'st'cs (and

thus the”ﬁ’&%é%da@rtrd?%mé)émn e 8 Walumﬂ?kuébla@ahl a erojection display
mcro dis oor

d .
system URegIFleaiETey MEoEHER R odle Ty Eghial £ bladin the pivel
elementdglilh fihead tjcrofdisplaysi g rernatialquidoalista, thel magtemmmidinly used type of
LC, respghésf Lol g%lé_eltﬁ(Mga E%In%%aﬁ'pmgc{t?aﬁ'g% Jalli @fqgé lpﬂfe‘l’ l/&ﬁﬁ;\é'selrfj&der to achieve

ecause O
gray-scath spiteyl dfriblesst digplaye rl@as”nemglsgvamé@gnmlgawaﬂhenﬂ@l'mdaﬁi piel voltages.

Generallyglﬁt%]@d%e 8 %(B%}oaghgé E@‘m Hh@f‘ig? s Hdaldi¥nt AkR8g bR Bigital.

elther pulse w ation PWM or duty
factor nodul ati on DFM PVWI schenes invol ve applying a

[oooz; Vvolt aQ%Id%hﬁﬁ‘iLﬂ&ldhhlﬁeth@stmb dBn@abnifi veed anipleatiledanicro displays.
varl a

Howeverf Fl'@% qjetpepoltrlgf V\Lﬁgt%%i %%}sctg é} é’pl%}f@recé% gén guer Qrp\?h%%lxel size and
dlfflcultygrfaa}omrq;/ebcdretmaﬂalbg Vblﬂages CHlie dlf‘mﬂil}'s@’tﬁmﬁsn@ai@s into poor device

yields aer ﬁgtgpﬁ?l %ﬁurﬁ’w E%chxsec‘gpltrgertﬁé icfo aggll_agrlﬁdustry increasingly uses

and ent of turn’on and
digital mpdulﬁtlolﬂfnettmﬂ@s. However, they are very conplex to

i npl enent in actual display systens, they require

s SLOT LGS anunt s of, SYeLerm TRy el g Ve, W lhion
or duty fa@t&hﬂ§dul8tlém@m}1 XM chisrads irioveohmslying G editags pulse to the LCD
that is O?Eéﬁ@ @l’?;ﬂléuciﬁ %\E{j Q%}IeglgF\%lggbﬁ%heé)%%?é}C%l& o W%QSW eesng%m 0 to the
entire frafmer penind,i cgrespondimgl to brayhledat fromatet fwthCFﬁi%thV\U\é schemes can
produce,e Mﬁ’&nﬁgﬁfs@éls rgﬁ.nl%rafﬂdl Xrel rdhiy hﬁ%onn‘?& aﬁd‘ﬁ%@zﬁbﬁf&’ent of LC turn

mcro are not w de
on and téﬁb@flf,l hﬂ@ﬁeUOWPM@OAIJ}eW V§6¥h§%§'eért@ ”T‘ﬁ@“?ﬁi%ﬂ” AFtyal gisplay systems,

they reqHﬁ@@ﬁrﬁd&h?Bnﬂiuﬂlé & sy'sfénﬁ?r%@@' rﬁi\hnd WerP"FM)h data rates and they may
fixe l'itude vol ttége pul se

require ﬁr'ér%ﬁ}’ﬁf@ﬁrﬁg data | eﬁ)ébé?ﬁ:i pﬁﬁ?éf ug f aF lf)léareglrxenk%laﬁ operation.

Alternatg)rragthbay edf hehibendi Bphayad, raéduee ethar pixel pircait lopmplexity but at the
expensesgfvr%r |r|n\éoé>zt|aegﬁelp W g‘cheaatfaqgte%r heY 'prQ:tl@e PWM schemes are generally too

difficult or expensive for use in micro displays and are not widely encountered.

[0004] DFM schemes are the most widely used form of digital LC modulation. In DFM,
fixed-amplitude voltage pulses for each gray level bit are applied to the LC. Depending on the
particular gray level to be displayed, there are typically several voltage pulses for driving a
pixel during the frame time. There can be up to one-half as many pulses as there are gray
level bits, with the widths of the individual pulses corresponding to the binary weights of the



pi xel during the frame tinme. There can be up to
one-half as many pul ses as there are gray level bits,
wowaoh/1sier wi dt hs of the individual pul ses corrBSPURINTION3069

to the binary weights of theindividual bits. As the

name inplies, in DFMthe total additive durations of

the pul ses divided by the total frame tinme determ nes

the duty factor of the voltage. The problemw th this

schene is that it does not take into account the
e [nite rise and f n »
incivicua bl {5 fReCGort APt 1 2R A4 o g raRbhe B LR pulses divided
by the toliaf firanentinfer detesadtesothee dutyThictorcefuthes V@'Fﬁgeac-fh?alpr%“ with this

scheme Ys Itt]iaﬂgi? dtog drjlgtft%kﬁ |F|QmaE&ﬁmtt hﬁ@rfﬁ'ﬁﬂecﬁée @HHYfaflﬁiH'\@é of the LC and

ul ate evotaﬂeaone More seri

partlculatlhw;f, tee fast thap&migse ol HiRSE S&r STtep 4'?%’?%%%%830“ other. This

causes tEﬁ'eldtﬁbg Fﬂ‘dg\%ﬁ)ltb erts BF6r fr@mdthtehueo@ﬁcbloawmamtopu!alsensated from the
ere are |1 C

e stically as a,f t
voltago 2¢ie QUEP,isogF by VGBS SeRfach eair nePVisats B Hadlating edoes
there ar@’lraeldgan§balHoyv ﬁ@hmﬂﬂasrtherea&reawhwhh@rangfas girasticaby e 9, functnon of

the des'i?éieﬁrade(s%%gﬁ? Pakty tﬂ Ol ?rBFl\ﬁ‘ JUEhRS S g&.‘i@ﬁﬁ? AN notonic at a

to correct thi
number mdngrapnievelsi o/vm@hasu@rserlmﬁepréﬂeﬂheéengméﬁég ghemes have been

developgdJ d Yttt téfc%?rregf Mhifhch m&htdrf?&Hétﬁﬁvléru Rha st |t|t'r>ése schemes are fully

reases |1 n cost in conp exi i n dat
satisfactpluas) mAS&;r@qemﬁéab%ran%"d%&rP%??s icodh &P%‘F‘B%XBV ahdin data rete.

ref erence and entltl ed "An optically addressed gray

cale electric ¢ e accunul I "
[0005] rmdul"'%\FBrownelgSaE? Wl o 5P p%fg’ ?%%F%@ %%c?%bgtlef 7An optically
addressed diras seslesagelrial chafrge hec@ﬁMatlegmgtlalymmvr@pdul@@{y US Provisional
Appllcatloﬂsl(lo Jgﬂ?tﬁﬁ' Q%%@@@?%e@&gl BekRe e |lé§Ue@at HQ\W/e@ére very fast LC

systens, ver Yy f ast
swntchmg\meecuﬁ Aod pplsedd ltem'@a on eée rqquuﬁf*n%@t MERY Qf%'%?ystems very fast LC

swﬂchm@%%%egé %\ndTﬁlﬁé@ iluifatisiedrd Abt posdbldl Mherisnetrieed fohai LC driving

Is less co icated th but overcopes the n
method i dars, CHBRUGABH 161 BV BRAPRGUTRG HHB. RS gonic benavior of
most DFIDEEVIng micthod Bad extsenrlqyiré astrein@ly fasplo@ sespdnsedimes.

SUMVARY : [0006] In accordance with one enbodi nent of

the invention is a nethod that, for a plurality of
SummARpyt xel | ocations of an electro-optic [ayer of an

0005} OPt ' Clﬂlad%wa%c%adv*ﬂ? o@n@derﬁ%&%ﬁ%n?%ﬁ‘?rﬂhé’fm\iédﬁbHrl@'d Héttﬁ’cﬁd that, for a
consecutive frames, includes nodulating a se

plurality ghpitelpeations b £4 ecieqtqqg@tlcdﬁbergfggc@ﬁlgalp\mltg %e(ﬁrﬁpacross each of a
plurality B¢ Eb%c@ﬂvé framb aieludes niddRiaig koskt df lixel idatt bigndcross a first and a

cocond STESURRIL S 5 BSE e s AT UL AR porios,

and adjdagnbpyise perads ofpmqluedtlal liemass aeet s¢peaated deppabne @ngther by a pulse-off
period tr{nag?%lgt{légsgﬁégﬂgl f F{é@aﬁéiﬁ%%% él@ctt@lﬁﬁflc %%1‘ &\erﬁ@f\hﬁlah no bits are
mOdUIats@p&Nah@ﬂ ip they r@ibw pRapeparataly B eaggHrame. \aﬁ*edw fSreyftput from each

of the plsn%m Rl .Jeh RcBlisHPhddoYdifg tPinsehod 4taH iphRs darantsdh g frame.
. ermdu ated pixel data bits in the frame.

[0007] In accordance with another embodiment of the invention is an optical write valve
that includes an electro-optic layer, a backplane defining pixel locations of the electro-optic
layer, a light source, and a controller coupled to a memory. The light source is arranged in

optical communication with the electro-optic layer. The controller is adapted for each pixel



[0007] In accordance with another enbodi nent of the
invention is an optical wite valve that includes an
web@ctinxasopti c | ayer, a backpl ane defi ni ng pi XeE¢T/US2007/013069

| ocations of the electro-optic |ayer, a |light source,

and a controller coupled to a nenory. The |ight source

is arranged in optical communication with the

el ectro-optic layer. The controller is adapted for

each pixel | ocation and across each of a plurality of

consecutive f I ta i .
location 48 561pFt BHEL s AT GST SRetubie B s T chpR iR 1 Yyncnronism
with illunsredtingfthpiliget solate sbidsstoanpddsteaa ket sft piagidiaia bie @etpss a first and a

S& ,%“ﬁvg AhL r th periods and

second F;s{géeon ‘It’ O%egfd? drramé’“:r3 a‘ghé an V%Faggnét&oﬁlljs‘i\k@% S P
adjacento:fu!@qa@mﬂ af smteﬁt’é@' ffa'r@Sséf?aF%Raéateﬂrfé?ﬂ“o‘?fée ﬁﬁ%‘?‘ﬁ% y a pulse-off

period thBYis 3t Yt 8q0hifto BQ'éé&Shsbhﬁﬁe bﬁth@telécﬁr@%pt@qay”ér du@mg which no bits are

response tine of el ectr tic rin
modulateﬁiﬁ,S e glegtré c’rPHB%JI'%X%dS aq:'ﬁ@teai 8 alg%teba% e(‘agﬂl'tralév (10, ou(fput write Ilght
from each @R ieepixel96RRI0As @kyortimgaadie modmated ;mxejuiqtmblts/\m the frame

l'ight fromeach of the pixel |ocations according to

t he nodul ated pixel data bits in the frane. [0008] In
[0008) accornlaccerdantdwith@nhther emimdimenitof dihe irventipn ind CERPULEr program
embodueg 89@%8 @7 %?Ball@a FH?@dk@da %nﬂ)u'?@rn”ﬂfrypétmn{’ rﬁjlmb@s directed to

orm ng actions_direct

OUtpUtt'n@Mrﬁ@t‘QM’ld“\Rﬁ"ﬁ ?@blofjtj;‘i‘ﬁm thg atCH?rgs R EAn ARt |{yH%j pixel locations of an

electro- oéﬁé Is@l@ﬁ ofam b}étuéaﬂ) Kvrie %Ivé éhd tagrash gaich ef al pmratmycm sonfeattive frames,
tro- opt

yer of iLe va
and the gefiatneitn Brodiie s et ey BB BBl piirds isE8fa g speond puise
width pehb@ ofthie rame, nmletedmenihﬂulaadj isacpral sldt;e ofidtpi pesioddaand adjacent pulse
periods ¢ t%g%%% nglsfsra 8% 'eér tse%gpaté? %%ﬁgggg %glhg‘% Vt%ydé 'Bu%%rc?]fpgeﬁgd that is at
least eqpairtocal sesrende dijeackiie plarkeopte jaygs d@f'neé%lu@hﬂpatr'ts are modulated.

The actlf)ﬁ@%gwer%auégpé’ép%tﬁgly lﬁoé'ﬁc‘ﬁn@arﬁéobth@ﬁttlhg \ﬂrltEUlgﬂiw@fr@frf each of the
that is at | east

e a response
plurality phr@x@u@catnoas @pE9rgingdg dhe H@PP'ﬁbe%W%ﬁa?%b'bﬁ t‘sthﬁa?gme

nodul at ed. The actions further i ncl ude, separately.in

each frane utputtin t f f.. 1 . :
ooosr ey ARy 41 BrREI pAEta Tone ‘Bl A ERTR Y Are partcuiarty
below. nodul at ed plxel data bits in the frame. [0009] These

and other aspects of the invention are detailed wth

nore particularity bel ow BRI EF DESCRI PTION OF THE
BRIEF DEFORPTOR, OF THEDRAWIRGSUre 1 is a tining di agram show ng

poto] WO RHh§R ngtéqtlﬁfﬂ{g @Q}"gréﬂht%d&ﬂh@@w@fﬁulwwmﬁtsp@ﬁm&aﬁmh pulse-off
t hem and at t

e fra
periods PpHRed meyngtagg et of gy Pgn%efﬁ'g%?ébq““f GO laver of a
display iFidgbb®ered.S a timng diagramsimlar to Figure 1 but
showing timng for pixel electrode data upl oaded one

rowat a tinme in a first and second frane. ) o .
[(0011] Figure 2 is a timing diagram similar to Figure 1 but showing timing for pixel

electrode data uploaded one row at a time in a first and second frame.

[0012] Figure 3 is a timing diagram similar to figure 1, but additionally showing
illumination pulses modulated by pulse width, constrained to only four unique pulse widths but

enabling a gray scale of 512:1.



[0012] Figure 3 is atimng diagramsimlar to figure
1, but additionally showing illum nation pul ses
woradaliagied by pul se wi dth, constrai ned to onl yP€¢DUS2007/013069

uni que pul se wi dths but enabling a gray scale of 5

12:1.[0013] Figure 4 is atimng diagramsimlar to

Figure 3 but alternatively showing illum nation pul ses

nodul ated by illum nation | evel s/anplitude. [0014]

Figure 5is a diagran1of a prior art optically

addr ssed pat_i d r, t I
0013 Gl ecFRBrDt 1o Tl Ay Ees gt PR O iR tvely showing
illuminatieep'utseadmmx:tubmtedmyeﬂwralnathylﬁvelS[aIOﬂlﬁﬂldﬁFl gure 6 is a

simplified block diagramof an optically addressed

spatial light nodul ator systemin which dig
0014]  noduFEUureR 1$ 8 dagranel agoT eg %ﬁ?'&\/%ddae?ﬁe&rﬁpaaa&'wﬂf modulator that
includes S 8leRGb&pitié RehtbialFaRF aAb bl fdtdseieitios esimicoptiastos cateial layer.

response. [0016] Figure 7 is a flow diagramoutlining

met hod steps in accordance with an exenpl ary
o15] enbodigieate af at Sienplified mldckndiBEFBAl IOERNDESERIIPTAdINessed spatial light

modulatc%r gysil%ral ér}:n%axgg%nﬁ%laﬁ} Isdér;éttlglgﬁlsdlcg”r ﬁl r?g\{/vl té: glgrglgfé hé)q%ht output

charactedzddvibyngubratariiady imonoianit graggcaldespansgarti cul arly

applicable to digital active matrix display systens

using liquid crystal (LC) technology. The new diqgital .
[0016]  dr i viFigreef HBd@ efmybcfté%gfﬁwept“aﬁlga"?%*e?ﬂ RPN rﬂfggd%me with an
exemplafyWriodindhhofRg ihvdheen pul ses. The pul ses are separat ed

electronically intinme to allow for LC turnoff. Even

in cases where there is significant difference in LC

rise and LC fall response tinmes, the pul se separation

DETA|LE§bE¥b§|§§|O’fGDn°t°n' c electro optic behavior that would
mot pe possi ble with sinpler duty factor nodul ation

[0017]  DFM dn irdanyrstispials SysEems giodalpanyao inetRdfRig) ePfaging analog drive
schemeéVPA/MeW LRMEI Hh?ng%@tﬁo@t ig dbcibhy d\\a‘iﬂk ?Erﬁ&ﬂémpphcabb to digital

el ectroni'cs to nificant|
active el RISPRYI SKSAIEL YRGB FOREbIRE bR G, BeY digtal driving
method fahléddé%rplkéldd@ta lhfdﬁtv(itﬂba e (huisd- \hldtlh oneduldtedglsseat The pulses are
separateéifelgﬁ]éonrg%e;ﬂ@gn gla f%r t(étnrunls X\ﬁju gge%g/}ﬂp&m% th%r%%s sugmflcant
differencpoint LOmiseofind W& dhll v&sppuis@ dalmes'.l'hlee \paiaeasepmatlcw pmelldes monotonic

electro A‘%ﬁé%ekﬁv.%%bﬁ%@d hl)yg}a%s's te Whth ﬁ |f'a§ﬂ3)?¢n$%latlon DFM

['um nat1 on Wlt varl a

drive mq;acpc;q rMu[tlpb_e aHsEiwidte Mmoduigtiag, MBWI‘ﬂyaIIQw&oW@ ﬁ@t@, lat,e &f the display

system QI@H?OHEF& hgdse sEgQ“ﬁ)ﬁc%}\tl f‘reabéﬂd g8bmbhedY t @indle pulse width modulation
ation,

oo 3o, Shle Pz S ool o0 Sl o inaton may
be usediwii RNERtweiGhtey-gatdes ohheudrivel mrisess thanngrlecusesutith higher weighted

portions of the drive pulses. The variation in the level of incident illumination may be

accomplished by pulsing the illumination with variable width, or by varying the amplitude in time,
or by a combination of both methods.

[0018] In digital light-valve modulation, simple pulse-width modulation would give the
best result but is generally too complex to implement. Duty-factor modulation is simpler but its
prior art implementations often gives poor results. Below is detailed a variation on pulse-width

modulation that works nearly as well as simple pulse-width modulation but is intermediate in



prior art inplenmentations often gives poor results.
Below is detailed a variation on pul se-w dth
wo@aligdiron t hat works nearly as well as si nplBCT/US2007/013069
pul se-wi dt h nodul ati on but is internediate
indifficulty. An inportant concept underlying this
invention is to nodulate the wite-valve with two
vari abl e-wi dth pul ses instead of one (as in sinple
pul se wi dt h nodul ation). As long as the two pul ses are

difficulty. % %@tgﬁg?tl cg)g%e 18 L JZIF? i %%vebngn "SQOrrﬁg %Qt%eché 'vﬂfﬁe-valve with two

as sinp
variable-Widkh pbises drstgad eﬁq@mer @sabamplﬁlwl%wm qu@gan@nhnﬁs 'Ong as the two

pulses a%aé‘é’ﬁ!}érg{ela ih Qinfe B}/ea\f%asll_:qp@@bn@%bénég tlh@etHe"‘hé%Ottlc@ﬁ be made to be

npass several techniques involving al so

about as a@o%aﬁtsemplegﬁWMnbwi Ay ARRVIER BRI /6 1RRk MURRI '8H'° '&id Benawicth to

achieve. f EHH&!Fméﬂltﬁpbf fings mmltlsﬁeeh@dmmsamévemr ta,*claanues involving also
or Nan

modulatla%gler yvmq Eg%t %A?m artcﬁtérr%mglqu ,fvg\ﬂ_f rg'}e r%m lflbaF implementation and
improves pétforesanicer AmvwltﬂmeabpmasuaOéd gomythscmlserlptrw\olpmw; therg ioa family of

possible &hg%ggzorqwogvelh%% f%p%}?gcélé Eﬂf&]n{g )@%t@bséé bbRWoSs a non- limiting

bet we ses used bel ow as
examplehdn-tbi g tdm@ecémtme@r) th%rfwiwémﬂwnepw% rHsRdt ‘P%iﬂwmﬁﬂlad ‘honlimiting

exampleP%n@Wﬁq@ idrR8afdn WhubR m&nagsponse tinme is

significantly shorter than the frane period, then sone
portion of the frame tine can be allocated to turning
0o19) the UGhen @pespdhte Wivichie wigrdficgnily shandr than ¢titramg penied, then some

portion Cﬂc}tt?lg fa b” gtggxg }t %I‘qc\?geucc{b fars ﬂéethé *Lé oH K Sﬂ‘r\m%ut significantly

reducmgpthies@smlayitdmghtn@a‘a alneslighub sase sois Hlﬂl"¢1 gen thee ulilizef ip| spparate two (or
more) p@g%-ﬂﬁdtﬂfr{]%élﬁétéﬁ ulée'%esd&H' RESthe U 'fMlyttHFr&' 8 b@Me%nhlPeL&lses Fully

ween ?sﬁar antees t he rise and
turning thﬁ‘r%b@eb@tw&%éh%fpu 8 w@ége%ﬁrﬁﬁdbe e ransy fal fhagzsteyiptics of the

pulses cQQﬁot'd%ﬂé)t 8h& sWidothaR afBri@eh@ath eadhi sthém THIE Th @uagamtaams that their
hat their infl ugnce 0

oo, e, Py bt SN Bl it oy R Seesibe, B g8 brleh wich is -
necessaREEGTHtAIHY fob PmsHotorae gfay- scmlmcrtoﬂnia@ogr'ﬁlys swadubation mode also makes it

much eag‘ggl{éfowgee%%‘gicﬁsﬁgg#c e Iepn qagjgg g?glrsﬁgrag%cfg Ilng%gges since (in the
two pulse sbseg eauddfq‘r'agrlayﬂ@/ed;d@egvsmec@ (hene ik aordysp @t é@a%d@% one pair of
rusmg/falfrﬁ@eg&%e%@é't l&se b%aﬂ*goyﬁs ‘Ee h@ongrgﬁrts tr\ﬂéz hb- p@ls‘éﬂ')é‘ée here there can

one palr of risi and at %N
be as few 3pa] Palr, 71 &5 meny S o PIvdRS fis AR PIFGH U8 el imi6 o (or more)
pulse-wu%ﬁh%dblaaﬁdepG@Bs bc%naﬁu[f)ﬁ}éhmwlretﬂﬁbé fth@nﬂem{y“rmtmd aa(sta rates in the
. Dividin e frame into two (or
display sy5iesy aBGP%’ JS?E?'%%I’BPE\AQ%’&LI ses can substantially

reduce the nenory and data rates in the display system

po20) 2> COAD ?h%g I&‘%l at'ggur%eQH%) eveﬁy\glay[ IQ\Q&Q]HJ@% @@sn?é%a'm)lr fAPWM using

assune esl red
ten grayN@Wbitsi thg daéavag&péylnlt@eélrsttﬁn@ sqqead P PES &5 P?Ch Mt a common

starting ?efér‘ernﬁé tlﬁ*‘bdp@sn%ﬁpﬁ’&@egﬁ PP 1R gRouds! Ba@R 6 bitgrblp @an be decoded into
mon starti ngwre erence .t| Me posi tion

31 bits angelReR HESEATIS BIBP PGP DI BRI SQECTIRDI 5 02: However,
breaking up the 10 bits of data into two separated 5 bit data pulses and splitting the 5 bit data

pulse into two groups of 2 and 3 pulse start/end times each allows the number of encoded pulse
start/end times to be reduced to 22; 11 time-points for each 5 bit data pulse. This reduces the



3 1 bits and related tines in the frane period. The

total nunber of decoded bits is 62. However, breaking
wapoorhe3s110 bits of data into two separated 5 bPCT/U81087/013069

pul ses and splitting the 5 bit data pulse into two

groups of 2 and 3 pulse start/end tinmes each all ows

t he nunber of encoded pul se start/end tinmes to be

reduced to 22; 11 tine-points for each 5 bit data

pul se. This reduces thedisplay system nenory

uirenments and the bandw dth or. dat ;
display SYRETYTSHTGY CONTPOPTS, Snis Randviglf &f ol Epltietedh, e display
controlleragupy tvei digdlay by 3 factort ofi sppedmplely. 3 [ODBI§xaminler t he use
of multiple pulse width nodul ated pul ses, the nenory
data rates, the amount of system nmenory and t he nunbe
po21]  of cWithuihe dsa af multiphesuisn Wigie @PS&@Pte@aFPP'%%S R}y essgery 'data rates,

the amo;ﬁ‘teotn'é Em ﬁ'fenﬁ’d&eéndctﬁeCHuhbglabﬁ draticies needrdin theapixel can be

Ion of data encodi |l er
recuced (FEM PRI EHOULTEBIS; PO REErdR 8 LGl i gpoocing display
controlleﬁY(ﬁtdﬁﬁﬁléﬁﬁuhd\eﬂﬂ’lﬂt&splé’ﬁ&orﬁ&dumdi severalcotber slst8m seqmements The
n reali.zi.n

recuio) {33 0 Bk ronBh IR BB el Byt SRy, SUREE

word can be broken into a 4 bit pulse and 6 bit pul se.

[0022] The 2{:% i BE MR 't lﬁf@%ﬂ%a@’aswbi@caﬁw Bétbrdﬂ%é'nSﬁﬁ) a 4 bit pulse

22 e uIse start Imes. The ten bit % d oul
and 6 bilvptitseo THELR SR BN Fol L ERE Bt WL F DucPlsip 2qenooded pulse

start/endb('irﬁeQUﬁﬁ;etetﬂflt Gé(tﬁﬂ/vcbrﬁ%%ndﬁi §ep(al§tﬁu|lﬁte /a3 bit @aes and a 4 bit pulse

e f ast.er
oroven oSyl 4 i ot Sy Hl GBS BRI osponse o
would retlitel fientdtal anllseLﬁrhe\and eotrhspdirding mlumataaondnue\waﬁ ﬂhfe10 blt data word

can be fggﬁr gtae érll ar ;éﬁ%ﬁtp%sespé‘n{gﬁ aﬁ(rjr%{r g,%lst%ﬁe &O%Hu%:‘es sta‘?lr/end times.

Furthernvase dtheaO it datpawatdecan ﬁecﬁq‘naveteq ipfiot fivgy P ik PRIGES | ferstust 15 pulse

start/enql§meg'| ’fﬁe $Hald /|§ Rek E'HES%Ieterhi%t P RiglsS plRE @nﬁlﬂﬁﬂﬁdﬁke Other pulse
tiple pulse conbinations. O her pulse
combma@@mamqscsrbée -are possible. [0023] Wth two or three

puI se wi dth nodul at ed pul ses per frame, the LC

e does not need fas
[0023) | o qus&gﬂ t\@/% per H“ﬁ% HU'(S8 H\{I(itg teg pH gé)t ﬁﬂg!’n% 'TC response does
not need ¢l bet asfast mstweuld bebequipéd for aesqncnorst Gy d.l@ng method Due to a

reductloé ﬁ?ﬁ%gﬁf'nl?eqlgf ggg s 2 808P ﬁéﬁ'@{honﬁsggggt iy g&)ﬁwrﬁ&faté@ed

not oni c avi or, se W | at ed
pul ses need to be separat ed aI low ng for LC turnoff.

024 W UTHh BYO PSRl 1@? hwdﬁ@%*caﬁeﬂﬂavmﬂ e SpulddRIdEn a’fcﬁiutawd pulses need

sets of rise and s aff ctln the S
o e sepcih sboving Lok T 0 Pl e JABY RFe pore ar two
sets of fidgesanansll fimkk dffettisg theegaiyf $oalec rdspohbe westmmseemdnse may not be

linear if tﬁgﬁggr%\tdm[s%(?ggaﬁe dht, th?%sg)o?'nse WnITE)é‘Eh ﬁ?ﬁ@m 100

play frame
period. The illum nation is assuned to be const ant .

o251 D SPIRYFGUAR, RERihG Diddtm 100 depicts MPWM having two pulses within a
display frame period. The illumination is assumed to be constant. Display frame period 101
consist of a first pulse-width period 102, a second pulse-width period 103, a first pulse-off period
104 and a second pulse-off period 105. A first pulse-width period 102 and a second pulse width
period 103 each consist of 5 pixel data bits encoded centered about first pulse-width center 106
and second pulse-width center 107, respectively. There is a first subgroup and a second



consist of a first pulse-width period 102, a second
pul se-wi dth period 103, a first pul se-off period 104
wae@7a4decond pul se-of f period 105. A first pubPCEUSZOAT/13069

period 102 and a second pul se width period 103 each
consi st of 5 pixel data bits encoded centered about

first pulse-width center 106 and second pul se-w dth
center 107, respectively. There is a first subgroup

and a secondsubgroup of decoded data tine peri ods

o GBS kbR S A REY Pl oo
weights dre ldebtrBiB)d Hepe msseasilsggnlﬁqaoahlt (LBR) tOviBet swmfh:adt git {SB) with digits
added ar}cgggtgtraaq;\;gﬁi %#J%Egﬁ é}é%&wé@%lp}dﬁgéyR‘éﬁtﬂ@ttﬁfjw@gﬁ'\ts are noted

hts™are not wthin al
within a lefbend rlghtpqﬁaﬁ@ﬁﬁlﬁé@ioé’v bel ow. [0026] In tim ng di agram
100, it is not possible to depict the tine weights of

o1 e YL 1 8 LIRS, SLOCE, LS LR DGR o n by

weight ddt8&imddSEin€d i) rangameldden thSB\ﬂSB(tBt) and the IJSB b)t i$ SB24. LSB (1) time

108, Msé\égiﬁf 1%'} ll_%-g? Q@Eﬁmvéq’ﬂ | 23 ﬂsé?hp?é’ ?15’3”@@1’88 -4 (32) time 113

are binad/OGeigBiadi llnailrhg re'@SB}lo (fipst pulgpewidgo censB-196( §5g)arlly, #§B+1 (2) time
109, MS%]16 5'8?%% 1465 %Qrm%% ﬁvléﬁ“:% (64)Tndl 144 and WWEB-2(128) time

|nar tedlntlrrere7lat|veto
115 are ty@@rurvtengmre@@ Wnatrﬁla&\eﬁ]toae@oe} putseo'ﬂefsh GO f i r st
subgroup of first pulse-width period 102, a first

e D25 i e TSR 8 1Sl o st i a e

begmnunﬁﬁ%}sttpum-\ﬂzﬂﬂh perigdi 62 oniliEh(10dimeen 08 ©6 MSB&512) time 117 or pulse
{

v Gyl M6 0 S LT 80 o o

(512) arefhigh.rAtsepond supulb ?feﬁ"lsbémfgzv"ij reriod HO2 4% set 'OW at pulse-width

center 1 éf ESMgt(Q) Grﬁ@tﬁﬁ &Q_ESB’M S;@ fﬁ\e(ﬁl)Z & MSBMBZQTtmhéSEiTﬂ The end of

(3
first puI591W|§t§ gﬁingpﬁogeﬁ @6@1(—:1\'5@% af sttquﬂsg lﬁﬁghlog g‘tds%lﬁ %g H%;B+4 bit and
the MSBS£b|t|éPéVallfhn HerHeSEhér bhlabelbSBediots in medsdcbed \éBBgrbupi dorrespond to

Th
e onedbSesthlsaPbR Eo BB R BETRsasEe |
corrbl nati on of the LSB+3 LSB+4 and the MSB-4 bits.
[0028) [ OOZE}J} tﬁ%ng@esuEgro%h do?%@BR&‘BuQE-vﬁ@ﬁ%@m@“’i@? é"‘s@éd?\d pulse may be

ul se
set high t?éghﬁmbnel@nm @few%dml%%wmt'm%ﬁ”%ﬂpéd“l%@ o (%_)éﬁfi&l 109 or MSB-1
(256) t|n{e2‘)1é 6r"6°ul§é)&|o% céﬁ@r 101260 bégnﬁmné-éﬁséblbnﬂ lﬁiui‘s?t-\)fdd"t ;bErlod 103 is set
nigh if b1 3-SFL( 13 ot AP BACHN O 18 (r5eeg SHherORRT pa g perioa 103
is set loWizdIpulst-wiaeroBentethQY @uh SEF+2s@) time: Pl eeMSH- BdG4)1m®e|1sl4 or MSB-2

(128) tinﬁ@%%@% st)e%)% %Lsze ltogr1 Okg%agr é‘?@ég a(s@coh?gﬁlse is set low if

the Lssmealtemstw lsteeoehdhffamﬂ%%-%@t afmali@sah hg ‘Pthﬁ%umlﬁbﬁ'eﬁ periods in the

iRatidd of MBB-SB42,tMSB-2 and th
second él%(?%ﬁp & éfpdn%l tt%e%tpglogqréé ﬁf]gﬁt éo?ﬁde‘ %t he‘rJ unl abel ed ana e
MSB-2 hifsr j ods in the

(0029] The encoded bit weighted timing positions in Figure 1 were chosen to reduce the
average data rate to pixel array. It should be noted that there many other possible bit weighted
timing position arrangements.



second subgroup correspond to other three on bit
conbi nation of the LSB+2, MSB-2 and the MSB-2 bits.
wQ 0®29)31The encoded bit weighted tim ng positiPBOEUSI007/013069

Figure 1 were chosen to reduce the average data rate

to pixel array. It should be noted that there many

ot her possible bit weighted timng position

arrangenents. [ 0030] Figure 2 shows row el ectrode

timng for a continuous illumnation display systemin

whi ch the new pixel electrode data are updated one row

at a tinme. Timng diagram 200 shows tim ng di agram 100
[0030] I epefigete assHowssbwlelacteodei tinsing foma ppmm@ugommmaptiqu@lsnlay system

in which {hreanne?w %%%g&gcﬁ'é)d% 3 t apeg u&?gted HhE Sow Bk aifnd. qﬂﬁhm@%gram 200 shows

secon rowtimn
timing dls@r@orndoe rramatg@@@rfmstrf@amﬁ ififgtrigwising Fs "EF rf%‘f%e §%%‘?5W‘dr°‘” timing

202, firsttifhie lsM NG irilg 23 se€&RINwarhé AFgE re@ @AMty 20Vahd secgndXiEne second
o UL LMo L\l 0
stightly di Crbvefirgt frahe frewsowomeg [20n darido séduandf frame, firsetamdiming 204,
respecti\%?yaiﬂge' rggl%%\rgg:ﬁg?c%r}f WQh glést? ée?r %%‘nd \?Baﬁ%gﬁl)\ﬂr% ?Iﬁ gfxéﬁérray The delay
of first fraimeskast mw tnmhgqgoatbdjatl\sa B:hbﬂ&hframebfershg)vd@nmam is shown as being

delayed %%Q{ﬁfﬁ]tﬂ% fi pﬁalfnlers%{:oﬁcf ATRLSRGOD. row tim ng 202.

om row access row driving it possible
for the delay of the last row tinmng 203 relative to

[0031] t he RQEh FohAEM Abwt Aecekt R &@w% |tabd583$ﬂle dor ewi deley of the last row

iming 2§ i e R o bR TS 15 56 SPpiiet Ao REf8ime. e came
time is $HoWM@s!fearae edriatt208. | Suabv delbp pvdiie cags®figstf frame lasty gw timing to

substant@%pgh@é%& 204 ng)?rgﬁ'%;jf‘ gtgrog'gs' f I:é|%4f b?‘g%éc{é?d V@éﬂ% frame rate such

extreme clefays andy m¢tlhﬂﬁe$a"abl@n and 10 bit gray scale data, the

time difference for exposing a MSB port. on and LSB is

512 to 1. This inplies that there is very i% e ;
[0032] to pr¥Wdbmonskast I_"E;B"'B%H‘%i‘eai“l’léroe%r&rabé"%'ree ?Jt?e It'm’?g lterence tor

exposind B@\/l@@)bbrthintarwa§B id §TF RITENthisl BhBlies [thatgharerialvent litils time to present

e L8 AT roiah Bl PSR e A E by DU & i, gpnera, i
implies bjatt\?Wytmanrdatmeatedeoralbbedwbm dsvstil 0G88pdFoil hisoreatement can be
somewhgg%ﬁgé% %k tve ?etcﬁ B%&aﬁ%ﬂﬁél@@t i Ilum nation, the

e prese e row pixel el ectrodes in a
sequenti al manner as with top to bottomrow scanning

[0033] as dei, Ch& cbldr FéeQHéﬁhaz sybfen%“%hdc&\%td?\@tllﬂﬂmhﬁﬁén the data can be
andom access row ad resseé}uggth%n be

e
presentqcbi 16 figh P! SleplgIaTing ¢ St 4 Sigh 5 pefiom row scanning
as depicéd Y Figud34it sﬁbtllerﬂbahbmeltyat fahdem atetss cam addressing can be helpful

for redugng %eenetlr?gy (tie(ﬂa testtg%eneaéigg\gy B])?é?érrﬁ}. ectrodes

[0034] Alternatively, pixel data can be presented to all the array pixel electrodes
simultaneously, known as global updating, if the pixel circuit contains two data storage nodes.
This feature is generally necessary for color sequential operation or amplitude varying
illumination 6r pulsed illumination. Pulsed or amplitude varying illumination can also help to
reduce the array data bandwidth requirement.



si mul t aneously, known as gl obal updating, if the pixel
circuit contains two data storage nodes. This feature

wo g00gamaral | y necessary for col or sequential OPET/EE200T013069
or anplitude varying illum nation or pul sed
illumnation. Pulsed or anplitude varying illum nation
can also help to reduce the array data bandw dth
requirenent.[0035] Wihile illumnation is typically
constant, with pulsed weighted illumnation with very

won {2 SRR BB Bk TP T Y Winton i
very fast EiCgtespordse, raeldmprralr@smamgoratmtrea@nd liispdayabadkplaine s#oplification can be
realized. %\“F‘Eﬁ%r&% el t\(ﬁ'\n% gggr@gﬁ 3H§'§PIQWQLQ qumﬂ HJ)L}HH: '?J@lts'eolfb driving method

consi s
using pujsed Jarmination. P@rﬂlﬁ)ﬂf@fﬂ)‘é pesiod @@émnﬁﬁt%@‘ @NT"&E HUB@M'% period 302, a

second p%%@wuéthf hdridd :{Uﬂ 25reff fulfebf Qérlé’d)éolﬂaﬂd a sse6enddulse-off period 305. A

of f period 305. A first eri od
frst puiskpita BB D BTG 2 37 T U 55 BHOROCHE) Ginely o S data bl
which arél@baodid Bitovn dlits 7 latteesideld équad diatibin ttisneopositiires. WheH-SB (1) and

LSB+1 (%é&i H?ijaldegé%t:o' eﬁ |B{o@atg gecoﬂaeor%%sn:{a%e 8bf§ngj 13)08%91 ref%{ence to the

I'ts are atine
begmmn@@ﬁ;iataomnamdzneomm the first pulea ddthocantay. Eé@hﬁﬁﬂ?g(%f LSB+3 (8) and

LSB+4 (ﬁ@tb"ﬁﬁgéggie?g éooﬁgcégéta tfzg@ Fgécfst 30 F9 mﬁt;tnz:@neegm and 315 with
¥

LSB+4 (16
referencejteig emndi qftd@tajam Rarieg ft?ofgstsé;fése ik 0135‘ Sf?i Mg?i‘ (32) and MSB-

3 (64) bitd ke d%é&déﬂdﬂg&é&amrﬁ@ pé@cﬁcﬁﬁwcﬂ Ttand HrEs endtivefto dad aeginning of data
ro

e e B0 P8 20670 gk ek FEiaPHRE AV e R o o1 o

are decopled irad dai6tima8 periads 339832Qal32l1t BR21323 ﬁé‘“ﬁlﬂgl 3% wigh ofference to the

end of d%}%éﬁg& P@%‘? ’%EI ?/5% ige%?gérb%las%g\ﬁ@gg %’g% > &L é?ézﬁif?f)f the data time |

periods re¢deeasdte idisptayddata ratede peri ods 319, 320 321 , 322,
323, 324 and 325 with reference to the end of data
tinme period 319, the second pul se wi dth center
(00361  equalllUndingian Riise Heing33P ¢4 t?)@%"&ﬂ@“'?%&ﬂ&“é? :zteﬂeggz 333 and 334

each haWh§ Blifeyerl utsel widess. TheQRGhinbfidruivet3adn 3pR) 33 ahdr3ag have relative

pulse w@%i ogjgﬁ :?é\s;ﬁ %lfad Esgﬁrsgggh\{e?yp ugélgatlo 3%vel ?;Eizﬁzuh t?h:?é)’ cgﬂ?gsponds to the

MSB (512),| M@B+lata56h ahe WS B-233 28), de3®Red 333 timd peBadhale 320, 321, 322, 323,

324 and rs‘;ésa ubﬁ@éf&'ﬁ%ﬁﬂ" Méorfgsgagtﬁsse ﬁ'lsng ‘”(‘@41) énd MSB-4 (32) decoded data

m nat |

time per@gpr@g}p@ﬁaSarld031&1elllw5|gla@gqigvel REB- ertqrgig@)) tgﬁd;eﬁggd pulse-off period

305. lllur%%ﬁ&n %Qépﬂﬁ.ﬁ%grgés%ohb% QQB#Q% B&B, +3’3(23®an81$|3+43(2@) decoded data
an cor

| t
time periogs B, 81563 aii i 411 825 "B SUBN AR s FUp L 8P Sipons to the
LSB (1) 3ha, LSB¥1 aﬁ)jdabeded:ddeuﬂmeaberMSIIﬂ}ﬁel3033@1<t)308ndblntlr¢atlon level 334

extends g&%e%&?& Pu Fc)eg gfkjégno %%AE%’ t'hggseﬁpf'i@gél H??é,)r}%g 'ﬁg&ﬁgg\izl

(16) decoded data tine periods 309, 310, 3 11, 312,

313 M B SRIF@BREAESen the displ
00871 to tr@%‘}\ggd?%gr%ﬁsodE%Hﬁbm r%gj:lé%(’t%at%ggod% ti r|re er.i odn © display

controlles g sodispin EFOBOTS PYER SRAEFURG flsy dptails out over the frame period due
to using illumination weighting as opposed to the use of time weighting in timing diagram 100 or

200. Each data bit is presented for approximately 1/22 of a frame period which is a much longer
time than the LSB bit exposure in timing diagram 100 which is 1/1024 of a frame period.



extends to the first pulse-off period 304 of the next

frame period, not shown. [0037] Ti m ng di agram 300
wa@e@nitiiicant |y reduces the data bandw dt h bet we€rus1ve7/013069

di splay controller and the display by nore evenly

spreading the data bits out over the frame period due

to using illumnation weighting as opposed to the use

of time weighting in timng diagram 100 or 200. Each

data bit is presented for approximately 1/22 of a

fra eriod whic
0038} pjt @ér@aqrﬁhm 3@3 ] a%%%ﬂ{;g%ﬁ%?fgﬁs@?éi?%hsy k&E‘mng faster
LC respanstr tee eeired . fy0088]9 |dragramﬁn‘gomuaagr%(?ﬁ 3'0‘0“'“{']% iagram 300, the
response t@gé'%ds?%e !Qs{%@l‘”\/gﬁ Ryt 'asfré’rjﬁé el thrhiﬂgtdlégrégsfﬁm and 200, the

onse than require timng dia
actional268me Werienimg AIPHGASIR 360 /S5FRESF o8 FoHEBAY RIS Kgiopiay dete
bandmdth %%etol?lafhelu? Pesponse fif@mugiesel mdch less thami %gheifraglemlod

0 and 200, the fractional frane period tinme allowed
for LC response is a display controller to display

poozg) dat albamehy dibbran 306, tbfef datadecode mpM@atlﬁmﬁﬁmﬁewnce need

ch | ess,dhany 1 d 52 Nriah{digerent data
v ve 50 b ool i el SEEF GRSEAd kOBl ey

['um nation timng
decode amelqldwnloetlwreta'ﬁlngcﬁtndb@elghtlﬂgw@ ratagsre R iecRs§ Plor t he

two 5 bit decode pul ses chosen, many different data
decode and illumnnatjion tim

[0040] arr aN&@l@eﬁ*m@gﬁ%graagé%ﬁlaowT gg%gj)r Wlﬁ"gﬁ{?t}ﬂg‘ R ataltlme gerlods data
time perlg@é)s@@w@uéh X25] thé |e2qtisignifloarthitatataltine pdriods gan |bgc$§10rtened by the

time not gra@%gc% ng’?é)%ﬂﬁ“?”%g 83QO aIE\NQH% ﬁﬁ forttn§ rﬁ@sﬁ‘%‘gmﬂcant blt time periods.

ti'ne periods can be shortened %
in additidréne bln’e/elgmtedﬂlﬂwmnby erfoe allcpqumq: iss@nnseximatealy Fothergyssse of the bit

weight. <d d%‘g? IL%r retspﬁ é‘%ﬁ%e%ogm the 9@&5 fd?'tﬁe idwE tgrdrdsord INC response time

could beatsediershe higher pisies Ritsrm g?ﬂéﬂsy té@ﬁﬂl@%r;?ﬁt?lé'l%g%“’&ff%f AS'PYG" LC response.

wei ght. So |l ess LC response tinme could be used for the

| ower_bits and nore res onse. tine r
0011 ¢ he. HiGHeGRGE e & T EBE FLUHREUES t So4RFfz 8. with use
of an opféynyaadare@s/eﬁ shélial éighiomsdulafcd @G L Mivendsarimtaaration rerige begins at the
beglnan?ft HL? glusé?p% seI Pn 'lllulcr:rgﬁ%tr@\t Bg‘ﬂ“@;b ngwesgﬂglsbsluilrgﬁar{c@ ﬂange may be

| ght
reduced rimdull 28:0rto @m«mmmezﬁm &he mw wgegr@aorb@gqq%tvaddﬁ feeight to the

data pregggferdn% Feafd' {Sbe AdnsE pbﬂodi | ih'éP@l:@aieldQmel tiengllse luminance
n nance ran maé& educe

range rqqg.geg tE@cgpgr@g BBt lgqnpm@goq YR éfbsg{er%r? pulse width or

amplitudB’cRRab e BAds Whitdgibtidroeffduts.dat a presented early in
the read valve frame period, thereby reducing the
pul se l'um nance range required. Each of the 20
[0042] i || uniilmaiation pedseseviiil shdves thah thi fiteinaiioniisas fipkale shorter in

duratlon(%%rotﬁlg%%x%tlégﬁ}llf%g t bits émlo%éLMr e RRIERSIHANCATtIRS! Mstead of weighted

I on sequence 330 shows 't hat q?ﬁﬁ di 400
pulse duraﬂlqnntm%@mhmﬁaloié'@e t“HHt'”aéPé ot Yy \”nF'SHrrea i tipge diagram

shows o 0€ ditt@slbls lpgf%bfLGQiﬁ'inn@l rhétt@ﬂd,lsluﬁg‘lgﬁfphﬁjde ‘angngolitmination. Display
significant bits k } % gJiBZG% d 403,
frame period 401 consist of a first pu Se-Wldt perlod second pulse-width perio a
first pulse-off period 404 and a second pulse-off period 405. A first pulse-width period 402 and a
second pulse-width period 403 each consist of 5 data bits which are decoded into 10 bits of data
and 10 equal duration time positions. The LSB (1) and LSB+1 (2) data bits are decoded into

data time periods 406, 407 and 408 with reference to the beginning of data time period 408, the



pul se duration, the anplitude of the illum nation

could vary. In Figure 4 the timng diagram 400 shows a
wdaookits3idoubl e pul se LC driving method usi ng aP@l/Us200®013069

varying illum nation. Display frane period 401 consi st

of a first pul se-w dth period 402, a second

pul se-wi dth period 403, a first pul se-off period 404

and a second pul se-off period 405. A first pulse-width

peri od 402 and a second puI se vvi dth period 403 each

d : .
first puls%rv "gétcgngﬁﬁdﬁi%%gﬁ gl (agur S0l t | rre%%%fﬁ é&%ﬁtg a]}é) dgbé&ad into data
time peri¢dsl30% Ad OL $Bi K122 % 18at 14 did 41%wish sefetried to ﬁteberwa?fadata time period

409, the E)Fs'fr%u&%;\}vfa céth@r Iﬂgﬁ @(%r)fég% %gte (&f)e&@r&i’é de@oti@ into data time

period 414, Y ewhAdP roPHes | Lcsﬁl@zg%dpnmagé@ti é')“ Rt fhggyocond pulse
width cerlf!é-*ut MSHL d.@g)OdASB-H r(QSG)Chi'tdﬂ\/IBBr(mp)euﬂtm d&08ded!ibly ddta time periods

419, 4204423, %5%42;3(9 %g@ﬁis W3 rﬁ}eﬁé‘?cree [oPiE G bOabd%rAE Befba 419, the

second d\ﬁ\ﬁld@fﬁﬁéntandr HeéSBy3al (é6v)h bf the cmte tickesc peréatlsi Wﬁgcefaﬁwg display data
bandw1dtb' me period 416, 417 and 418 relative to the begi nning

f data tinme period 418, the second pul se w dth

center. MSB-2 (128), MsSB-1 (256) and MSB (512) bits

[0043] Zrze ‘ﬂ%@ﬁ%d Eg%edﬁ\tnﬁl thf‘g@ RPEIsRdSf 4d&, dﬁf@fbnt‘iﬁir{nné&ih amplitude
an with referen

levels 43, r‘f‘é*zpé’r?’l?’o?éinqlJ‘.‘@‘1 tHe '%E'Hﬁfﬂo’biﬁvgﬁes \%%E’t ﬁggeﬁge 8‘1%4 have relative

amplitudslefh 28 es@thapll 1t hespbatively.i itempation desvet @édl de dimeheorresponds to the

s 58] o SRS el SR o B0 B 0, 21, 22,20

424 and a2p! Iluodeatioavievel 4821corre$8andsd BEMSFI3 4684). anthMSE- 4 (32) decoded data
time periold% GthIVCH?]dl £Y$)! Iﬁurﬁﬁﬁ%tlon 4&%1 4433 @Ms434nbBaéeond pulse -off period

405. umprion fte| 615 FevRsPonds 4 FSBT 2 b?ﬁe+§p‘<1§}\a§3 158! fhgpooded data
time perbé&zﬁog l¥$6 411,2hD), 4a8d4MbBnd 4152 R)untlestiteidvelad 3 tomesponds to the

LSB (1) Ialnldullﬁﬁﬂ ](g’n d?é/g?CQ%Qt'TSrQééQSSn@S ?337'\}%%1 %6?641 pmination level 434
extends {3Be4ir{t3R)sedeft pdot diatext frame mlpdmsm 417 and 418.

[l1'lum nation | evel 432 extends to the second puI se of f

period 405. Illum nation |evel 433 corresponds t
[0044] | SB+Drfel)appasiit +3dv@Egagen af (USBY aiiliudge ViYKW dm”%tl%'s the LC

respons{’%fﬂeo%uﬁpﬂot a4 té blalas 44t as4i1.i§m %ﬂseﬂﬂmuﬂmﬂzﬂlon However, the LC
mnation |evel 434 correspon bhe LS Jﬁ? ngl1 dat
reSPO"SEF;SB‘Vlne@E)tod’&thSt&éHI?@JO'E ??Pé%ﬂuaaeatm 365 SHjy hpg: e array data
rate is ad lowsd paddine foramieldriddg raxtheads to the first pul se-of f

period of next frane period not shown. [0044] One

appar ent advantage of using anplitude varyi
[0045) i | | unf et displaysdivess oG rdespOﬁééOtswmltwualynwfn pEchetrixels in the

array w{%\ Qﬁdl‘l@ﬁél e§<§erH§I' ﬁ%’\cﬁmhéﬁ%é !:Iét%%&@];éd)l‘&r td?'ﬁME\éﬁFthetL@between the

ponse faster than for constan

two pulsel isith rTaee dated pils e CoR 1REr efgingted; H‘et“éfr fegrding B"?C&F% This feature
would aliotv &% aH@NbRE 1095 FddilcBorf Brméibsy slid averggerataadte to the array.

[0046] The embodiments can be applied to other display devices having differences in

turn on and turn off times such as organic light emitting diodes (OLEDs) or perhaps even digital
micromirror devices (DMDs). In addition to displays, the data rate and memory system
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[0045] If the display drivers are designed to
simul taneously turn off the pixels in the array via an
wa@datiixanal external signal, then the data reqedT/@82000013069

turning off the LC between the two pul se w dth

nodul at ed pul ses can be elimnated in the decoding

process. This feature would allow an additional 10%

reduction in nmenory and average data rate to the

array [ 0046] The enbodi ments can be applied to other

a vice Ing.d n ape GLaHfll in other

simplticafjys "oeftygls 5 e el der bl BF ED6RInS, b ), RlbyoBe
application@zBD¥ll. or per haps even di gi taI m cromrror devices

(DVMDs). In addition to displays, the data rate and

menory system | |sinplification n also b ortan
0047}  to pAPrtaed §P§Y%n‘§‘e W%Hs;et@gecgggqu is HagtCHfé'Efp' cfi‘/a;ﬁtageous for
use in adARYsirRdn 6;51‘&:3&? am@ﬂebsecﬂ 80:id) II@BI moduatoa st M.t Rigure 5 is a diagram

a roach et a ar q "
of a curr]egﬁy lfé/@lq e 6{8 '§§|§é§¢l§&l 8@ %‘) aqu q?jrtpé% Jn éépe}écgl%%o"@erence An
optically |ddginésseddygtegt ecal@ASkblricFcharrge @QL@\l&atmgagpahﬁloﬁigrg modulator,” US

Provnsxor}# e/{plprrlllnELtYonaml lef)g)%(g} Z?'fe lnglgﬂé m%lﬁhﬁ ﬂ-@k@%sd&ﬁ{ %Ielcﬁ‘g dpfic material

cor por at optica dresse
(e.g.. liqwd ayystanlayeel @cnd @ pbRtRcgadyive ﬁ@{e&ﬂﬁn@r@ﬁgtqsgplly[ pbﬁ?mlconductor

material. nﬂdé‘&é%f?:ﬁndu% RaRYLE iARRL e&@rﬁﬂple&@éﬂe@élé&ed fOMEDTaridy of materials

e o ST E N S
silicon, a%rﬁlﬁﬂd’ﬁ&dﬂd@&uﬁrﬂwe Oélnglemwﬂcﬂl{és@zo,rmﬁtmnl &aAsTHEBS, and CdS. Liquid
crystal Isfyreénf % g Pﬁ?fﬁg%r})selt[lvlea ek 4 LS op%g%%ﬁ Eﬂ%;v@?ﬁ eé;ﬁf&'éﬁ}d transparent

nat erral s abs %
electrodes $6 lsind 1Gasebrtpdnon amc(lm@guhsﬁates7 0 m 225 fhe visible output light

(read hg meﬂ%gtreﬁmﬁtbgéié?tﬁbln"&ﬁ'gp 24amh8h%nﬁéélér¢%d%abblhdﬂhe write light

and the cems lghicpAGHEISUEN SUSERIELE0 A0 DR o En<TPpE Ty 24 and the

photoco%cﬁ@@laQ@ﬁM hRRegbdib Weewriedight ahd pass tiespad Gagiht.
el ectrodes 16 and 18 supported on respective

substrates 20 and 22. The visible output |ight (read
oo4s] |1i ghteuxélﬁataﬁbaohmj iofd framds ehe puiseovigin payiod24s dataitegeabove may

be used ﬂsgﬁ S'ggrr& gﬁ%ucrﬁggg%% Sal%”rﬁézo@le!té@% & $hferd BPfhe OASLM 10

roug and t e 'S no
and therelaafarafead put byi thegea@Ugh¥nd t he phot oconductive | ayer 14
nmust absorb the wite |ight and pass the read |ight.
[0048] Pixel data nodul ated into fr:imes and pul se 4 oul
[0049] i dt HA pEIe pagicyiar embadiggnLe R oK 6@5%%83'5% the, frames and pulse
width petolis Qvithird Bh, oveyalEytémaddibitgd BCtecinbogotate defenage WS Provisional

voptca A s HEE IR 300 £ MG e SR b€ tra o

an OASOMeBpdtems§Ea émwiscmgligitab niaduisionals dcatied euhitdtdghieve a light output
charactep %tlj %ggsr g%{aghgl fﬁ:oﬂgéhﬂg Lgagyﬁgm&SB%é eehASLM Bfstem 600 defines a

ference rovi si onal
write optlcal path 602 and a read optical path 604. Write optical path 602 is composed of a

segment along which propagates an image definition beam. A UV LED 605 provides a pulsed
UV write light beam source. The pulsed UV beam emitted from UV LED 605 propagates
through a tunnel integrator 606, a relay lens group 608, and a polarizing beamsplitter 610 to
provide uniform, rectangular illumination that matches the image aspect ratio of an LCOS
microdisplay device 612. The p-polarization of the illumination passes through the polarizing

beam splitter 610. The s-polarization of the illumination is reflected by the polarizing beam

12



Application No. 60/803,747 is shown at Figure 6. This

diagramis a sinplified bl ock diagram of an OASLM
weyaram1600 i n which digital nodul ation i s carPCEHUSIOT/013069

to achieve a |light output characterized by

substantially nonotonic gray scal e response. OASLM

system 600 defines a wite optical path 602 and a read

optical path 604'. Wite optical path 602 is conposed

of a segment along which propagates an inage

e o 48 ERCEARR 1Y, LER A7 B folibat Wiy Lo ooy

a controller 6m,UV LED 605 propagat es through a tunnel int egrator
606, a relay lens group 608, and a polari zi ng
beansplitter 610 to provide uniform rectan
ooso i1 | UbCRS Hevice 832 prexideRe f@ﬁ@O“S@a@ém&%é’é? 8%%"666"0?’ LHOS device

612 by dﬁﬁﬁﬁl%ﬂ @’f'thJ\t? Ry ry l@ﬁt’bé‘@?rﬁiz@r Ahslgttelcakr zatriponent of the primary
colors (RgS@)i tTth@lrJrltlngQLgatleagElgP aﬁ%&sﬁd’p%%& Bﬁ Eo&htga“ mgﬁngé‘g%z propagates
back |nto| tﬁe rp%fdrﬁﬁ’fg&ﬂeé@ry spiherpTharp molanzationms s teflected haodstated illumination
s kTS o B 95000 g ot
off a tiltet G@Brale wiger Wfomrmdétﬁ@g onj an PAShHhedA 1 @A%bgﬂjg&%[eferably of the
type des%ﬁl)%tyeafteﬁﬁbl% lS»CQSsﬁiﬁ}é' Ctﬁelrél@ byg ey rs@élh eét 6ig4. 1@( 4A and 4B of
terns for a sel ected col fﬁfﬂﬁﬁ gem on the
internatiaria Aplisalign cltiporPsCY/H@é905/%%3%dEP%t QdiiefegTiaa: 167
photocorfo%fcl&%@é} sraoksiosad ievéleEs adenliage £tdspitefigyidt @ystal Iayer This
o S 0B B S PR BECR Bty T e of v
assomat@nﬁ&ﬁﬁﬁarﬁ hnougite tigiet tpesnar iCantiglidre@it ppividesea valiepa glgngl to OASLM

644 to %q”%?eeﬂ t&y ga”elc'ap"?tgé ﬂau.heﬁitéﬁor%m fglrcﬁfetrstm‘?ﬂ‘q& Rlationship with the

RroTe " rror nce on an QASL
incidencé 4fitheQABMitSHghti s preferably of the type described at
Figure 5 or simlar thereto, and al so seen at Figs.

1-3, 4A and 4B of |nternat I t
os1]  PCT/ URSRS0Btisebazs 60FRc W&?%Aﬁ\%ﬁ E Whiihis pandp polarized

white ||gﬁh0t1%0welw@tnght bagp@gat@é tmﬂglhﬂ 6 4b\dliratbnpeneenal 84fgdormed as an
integral Brf)rlt é)ilséalrés?semb 8h llé?% zilenslﬁq aysTéBOSaP{cg’ leg.@g?n&ﬂ?‘?r@acﬁé? through a

£i'on corresponds
focusingi Ishe@Sat adl arihens polaripdr Gfpﬁatcaggcmgeit:@@aqynmlg@qd igpt in the form of

uniform, \’r\ﬁéétg ﬁgﬁ u|%r9|ﬁt %%m }(%? ?%Jtal.és%e GhdgP %Qﬂé&! $§t|c§9of\/r@l33 @Qﬁe OASLM 644.

enabl it to deve

Tilted dwhgm anirgs| 84y SeParaitofee Whitd Hght #1tat ﬁh6n§ﬁ%‘ean Pﬁ‘fﬂ?we color light

componéMChAe e cRf thehe th%u‘ﬁhlﬁé!dhélﬁﬁgs (r{di)%b]avnliaeadea@t\:aml OASLM 644,
pat h 604 incl Ufles an _ar

Dependlpgrgglotmeymﬁg? e '}eébbmet @qu/rgglhght%%arvmtﬁ? go[gr Elﬁht component is either
transmltté"doﬂa@ajrear td‘mrsou@h by ol analyzdri 58 @oritienédrin eztaxnmlty to read valve

OASLM ngﬁgF%tuﬂs rlgy@ e%; %o&%%éé s t@é‘ ¢ ﬁer gﬂﬂ n t?}lg} jE¥6ntent. The

modulatéd dight rigpalme msoBErtiag dheoughntﬂ,%d palvar PASEMs 64416 "drected through a
projectid' 184 860 td §&/hY LIS ihtRE fbi SHBlectith bR® digyidy Séreen (not shown).

[0052] Controller 614 coordinates the digital modulation of LCOS device 612 in
accordance with the image plane data, the timing of pulsed light emissions from UV LED 605,
and the analog modulation control of read valve OASLM 644 to produce visible analog

modulated output illumination having a substantially monotonic gray scale response. The
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uniform rectangular illumnation that matches the
i mge aspect ratio of read valve OASLM 644. Tilted
wale@hnegict mirror 642 separates the white |i ghtPCHUS200T€13069

sel ected primary color |ight conponent and directs

these through field |l enses (not shown) to read val ve
CASLM 644. Depending on the i mge defined by the W

wite |ight beam the color |ight conponent is either
transmtted through or absorbed by an analyzer 658

phrase §ug>§tﬂtn#?l S%Ohg EOXI n‘%éa/ tc; gwe{a%atﬂaym ¥§ %g:‘ IaMw@&‘}s a monotonlc gray

10h O corres
level respumiser Wuttag@tab:m\mg memmisnﬁ(ﬂm rixed glatq @msegésa@tagle looku to create

10 bits oip#wagﬂg'a'agltlbnéloﬂgfﬁs bEasta R M@e%&éo@ﬂf‘fdrS’aﬂd)tﬁsﬁﬁérﬂldeantles such

rojection |lens 660 to ener te a ? be visuall
as the nprﬂmg@r faﬁctm QP%PFQR?"E‘W af drdig) ety by 4k PGP %h'esmv Y
acceptab[é)%@]th@qmBlphbl%rtrzﬁ'géeﬁmbl@brﬂaé eﬁoﬁdiemdlfgn tteel 8 most significant bits.

| 12.1n acco
However; tlﬁ%ﬁeﬂbp%&]@P Blé%‘lgl?? REE le\{::rma &2 6 ey %rfas :21; &A@%Bgléfég nlg the frame
as detaildd swovdy LED 605, and the anal og rmdul ation control of
read val ve OASLM 644 to produce visibl e anal og
nodul at ed output illum nation having a substantj all g
[0053] m)noﬂromnc QfSiyMis the roltegs GwEsS ﬂmg%@@g@eptorlhqwd crystal assembly

reverses, EHQ%a ke |hdMBN YRRl FamdS Wﬂ%ﬂ\ tv@lté’@ia’irbotdﬂi&} revessl occurs, the

nost IS a nonotoni c S
integralegigPas De A o Rl HIRE SR i PoblR AT e Py TG e previous
photo- md@eba/dlta?é Herdds meelanm th/shil tisyenf Tlausa.liqUidecrystal voltagel integration

restarts ﬁ8'??| 17'?{8a?t @e@{ﬁﬁgs c?m f?gr%?u%ltgé)éeﬁ éﬁﬂ’d'ueé@ by the integration of

enonlnear ctro optic
charge iptrepeidtoreseptor rifiyence, dh?l’@fcah o thes i B/t faypa op the time they

are prod%ﬂ!:e?d"% |I%h€%ﬁ%fﬂhé9ratrﬁ@t Vbnﬁgésopr@dhcé’@bérli iRl B&me are effectively

e nonotonic for th nost S|gn|f| cant bits.
weighted-aes/Reavily g those praduged 6?§retpetfﬁf’é’f§?ee 2fi eved, they
are mapped and nDduIated |n the frame as detail ed

005

[0054] phot é\‘%&éﬁ? S‘L:ium rﬂﬁﬁ atn 5214 Wéégﬁlg\é%l&u%%evrﬁﬁrigg?‘rﬁatﬁ&edetalled above
are in capinatibn witatthé hﬁegmdom)fat treeclbC fof ﬂTEEOA\‘Hh@h Vi frage structure into which

the bits r%l r%tgcliu{ %ted %%%E%% a@&rcthé%n v&é?@\ n{@;r&gﬁ@tﬁl‘h irfloRt %e@ﬂéhbﬁ at the LC of

al1zed, there
the OASYNLni hatnm@grttahte agvmﬁa@ﬁasﬂf Phe e RRERTS df ttag%‘%’@r gsgore precise

responsé I?Fonh tﬂé“\grltErVa%@lgn}e?ﬁ/ fke aHaUfall fifnasiA l*ﬁéygbétlro \plit&gayer of the
ration restarts from zero i nn

LCoSMRBRVEr ciie Paos MBEAIGHFE sy #HE STHELH AFTORCGpe Used with the

bit welgrﬁhgrbgf?rdnﬁb tite, pixat ieforeqRiriduldryfdynerystic drhtemﬁheme only
he I'iquid crystal | ayer fromthe time they are
produced until the end of the franme. Voltages produced
[00s5] ear | yThenappreath afidhefams twestingelsyshayyint sdmmane at Figure 7, which

applies Ekgagél n ¥>J%?Wo§14?.8ﬁe rﬂ%{]‘?rqblé\a%ﬂ Bteﬁ’fulﬁﬂ@scgyﬂ%e&{tlﬁ%h@aﬁé?u@ a video or
otherwisgrciiety ofashod crtai | AG DRBE7B2R B! AUGBTLARIIEOR I ard in @ frame
as seentabglgdﬁé QGE)Iaéké?ﬁplét Sdﬁﬁe bahefpikd1@atAGkd\bf theaset sangecoded in order to
find the ac{uanu se starE an(w; op times in the first pulse width period (5 selected bits for the
example above where 5 bits are modulated into each of two pulse width periods of a frame),
and those decoded bits are modulated into a first pulse width period of the same frame at block
704, where the first pulse width period is adjacent in time to the first pulse-off period. A second
pulse-off period is then imposed adjacent to the first pulse width period at block 706, and other
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the bits are nodul ated does not alter the bit
wei ghting of the continuous integration at the LC of
wWo b@7a3zM  An i nportant advantage of the franeCT/US2007/013069
structure is to enable a nore precise response from
the wite valve given rise and fall tines at the
el ectro optical layer of the LCoS/wite valve. The
pul se wi dt h/anplitude driving frame structure need not
be used with the bit weighting by frane tine, but it

pixel dataéﬁ‘ﬁﬁgg‘&% gé# érfcaﬁ'!égcw%ﬁé)@erags' Stolng p% %'t BRRk 708 Qfimildr td it done at

ure own I n surmaéat
block 7041 Dhes sedondnpbiiisd wigipIpiegisd fepids efﬂtihthsl ensl off hedtarem Hrig clgqr that the

periods in \?ﬁ n %fatemé b&l%eﬁ%ﬁé‘%d%dflﬁ %@ﬁar@nfe @cHltlﬁ’&Qh@ frame begins with
Igitally refreshed dis

2 data pefibd end m@atéqs fN’tB@rﬁ’LB%P PY PeRpDs EHRPﬁP/ i ?é!??é‘ o Sucﬁri’e%ds (data

period anatquée%ﬁ BeAods) X e Phsbse80MD Bive beerpillusttatddiradétat or clarity and
he set are decoded in order to find the actual
"Otasa“ﬁ'l‘ﬂa;%'@”start and stop times in the first pulse width

period (5 selected bits for the exanple above where 5

[0056] B eﬁ IS ogéa%b%nggw?tﬁé%ds@&f S%A&bs@té&% WZ%QVWGH heed not be imposed

bits ar
by zeroingutevattage anppliedatof the $ixeh igosdoniof the E@Pif@,@ptﬁ (&%)elag%rngf the LCoS.
Instead, Jr[)BHﬁ e DhiRfs HO% to\’én%rﬁzérbﬁlafder Jﬁl;t b e @ thiedhbldptar-ad voltage of

acent I'ntine to e-of f
that elects-epliiiayar &5 th dunglien &H tqequlﬁ%HFf %8@%8“3@?%?@%?8 l%ypér to respond
with lmpréﬂﬁi $pdet aPetrigarati @ & tl’fmlérZe&dn@bf bieoaiktagé),lﬁqndazlsb provides a sufficient
ata bits. o e ulated into a
voltage Sg’é‘@dﬂdh?)gb c@weg\!eo&oggﬁf O%SE&(S e% rgot hat done at
bl ock 704. The second pul se w dth period ends with the
[0057] end ?F\a pﬁ obf gﬂggef Bat'asfo? ltﬁﬁrp&QQBcétl&% &eﬁbq_cbos s now modulated

whi ch nmoved in the { n1
across bothagpulsehwidth mﬁo%ﬁagf H’@ Wmﬁ gnqj after W&f‘o’dﬁléf i umlnatmg e electro-

optic Iayér%rf e E@:Sg WHH e %wﬁilﬂr@%@cﬁd!atgﬁﬂlggﬁsomﬁw ttlh\@wntamgm (ljst tnatput at block
such per.i ods eriod and pul se-p

710 to arpiyelHRsaRB R, ORURaIH SAPRER 'Y 314 s NS Gl e the LO of an

OASLM. f QUote! it tibie aitte NiRfht 88 Gutpitras ahé oits [afmﬁﬁjduﬂaje@mr@ the LCoS is

||Ium|natt?£f9y H{ghlfequgglgirgegég blgglé 598% ﬁéntﬁb??%ﬁc%@g bfiﬂ:ﬂs 3@4 398%8 and not a

batch oufput edfter dloaed lattenfwa hiocks @m compIsited (Tbe) repay@#veo'rs ff‘ﬁ% read-out at
block 715%5% cORFIR gly a@F&eﬁhé‘ 9’3“&? eve) ﬁwégﬁspﬂm&eé@pi&el that corresponds to

-Z€ero va low a thres iurn on Vvo

that pixejriogHien of dee rrea%pﬁ'\'@ PEYBHS 18P TRY SHArTSNSE PR Hes originally
modulaté&' la€5 ﬁfeomlté)%w@%‘i 18 qimkasadm ®its.C Tray AL respwoalde wirtrhicrodisplay

itself, is \y%yqrg%%m %ﬁantg'(&sgnfﬁ%g%% Sgrngg s%? Heéfﬁg%? Er\%lo{?%ngg ats rh‘f)te%d above, but
this is gdnraliyendt Giithiri the tepicaltresporese tiroe op freple® of ey @ASHM which displays as
essen'ua* oggta]veng%-fd @aﬂt I{\& S%urmr%w 2 (—f/‘oﬁ%erﬁaa\ﬁnttﬂhﬂﬁé frame, the display

'O ated across _both h
screen hpldssthenvaltdgepend Bus e mAdIplionkallg TRagackflnng the first pulse widt

period. ?B(JLCM §i|nﬁle' ftdrieYith@ bisphytSteed le(iltlfnﬂﬁﬂéﬁ ;Io :gnglre’ggegrby scale levels

ot e g ot b5t ok A 4 ot

[0058] As detailed above, the bits of each frame period may be further parsed into bit-
groups, wherein each bit of a bit group is modulated with the same pulse width or illumination
level as every other bit within the same bit group. These are shown by dashed arrows at blocks
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710 to a pixel location of an optically responsive
| ayer of a read valve, such as the LC of an QASLM
wedog/1stiat the wite light is output as the biPCT/EFE07/013069

nodul ated and the LCoS is illum nated by the Iight

source, so block 710 is continuous across bl ocks 704

and 708 and not a batch output after those latter two

bl ocks are conpleted. The read valve is then read-out

at block 712 (also continuously across the frame), and
714 and 4K apeiE R eBiERC pRa RO Tty B EERBRDARe|aR e aB rmodulated n only
four pulss avidiths r(Expion S¢ of likumingtiondevels higuye ﬁbdu’ﬂ'sat éﬂ d&? "?1{ vith respect to
those anv‘M% d enetalnigy BY gté]ﬁ?r%hi(ﬁumgé‘rtﬁ st @:g. T@@n%hﬂn\/{r{e&ﬂﬂerent bit groups

or m<crodis itself, is reversed5a ol ari

of a singlp PsHer PAAIAS. EHEIRIA SCTEMe PHBEHER! P e or.r 1Y 38 T e into the
two dlﬁe@k%?)éérlockbubf inki frarhs. 0RS %éah lay Fiire W, bbtmthichmostygigmiidant bit and the

st siotiGGHIA B 19° B/ EAPE EEP 15 T d0sP ot Ee g ¢! fifigc e cane
pulse widh fpepied Idﬁdhe/\/frbmen Alkmfnémmeat Figeredi 341 a¥ bé%: irethe firel pryiod may be
more &gaﬁfz?rﬁtq ?ﬂ n]y ?ftt'i]l USs B8 g@ﬂ&!ﬁ a@agg oY%é‘%uté ‘F@é@;‘@éj modulated into a

GlS6 W duri'ng a
time durailqmgbfethfarfaame thateis dqogpﬂaaya@r@ﬁ%@H qfghe Ibl'tﬁn?Yﬁﬂ ieupl PWM might be

used so ¥k ¥bRQ HbaYiakeahi@ dRUBY tndpdllof R tiieatsriatib® irfanf 6theR leBe significant
_ rame to the next are not apparent to an observer.
bits. [0058] As detail ed above, the bits of each frane

period nmay be further parsed into bitgroups, wherein

[0059] Sﬁlcg ! o& %ul:neinfs' %{n&' ventrr?\drl'hI ?tbeedm\%lélqemx]—:% Wgﬁm{)uter software

Ve eVErY Bs"every ot he
executablé by ardatd pracarsorsuch gsdlug)ooml’ié'géab‘i‘ éh@’h'@)\m biyyafdaF ggircuitry, or by

a combur%zlroﬂ\@ﬁ' ﬁrt‘twme 5&? Z:Hilm%%j m?é'rﬁtry aﬁgrﬂ'\é‘ ih hﬁsﬁ@@]‘ﬁhﬂé’rﬁaUW% noted that

of th eexarrP es were nodul ated in
the variaus| lotlsuof joe slwlwfmgla@mrawf gpreor Y URPIRSENb rogiam steps, or

interconr#é‘éYé‘d F% (cF Eiite, tﬂ&)cksAérﬁ)Ofuﬁ&tldﬂﬁt af hedmuirdliones pesgratnosteps and logic
hose %&r es, ft [? %G? e a di Jaf g(nt nunber of bits
circuits, ‘?'@C‘& andyfungtirss) for gerera SPEAY B ?%"§r oups of a

single perlod of a frame, and still a same nunber of
[0060) Bletr? oédgar& these EgXerg? t%cﬂ%g@t %dli@tb% H?&ﬁé‘{%d qbﬂf\@lﬁ@é‘treasonable

vanat.onmtthnsuog»ncémtc amtuding ditferént ways @famrmgg de fra@&rﬁccerdtngotp the general
conceptst I@.ﬁo@ﬂt I#ér‘éwf Eﬁgeofngéﬁ iddi%y ‘Mt& hbnditiB@ns Eﬂ?a?tltfé)HBgrBfOtHﬁ/ fPhie. Several

ul'se Wi dth period

varlatlonmqr@ sihsgtqseél Wtéf'atF'F &t &'@Jﬂthea%te'ﬁqugh? WVFH%O"T gl?tgtather a teaching
of the m@eﬁ{t?vg%oﬁﬁé(pthﬁ R eLsiBllcdnh fthe ant Oifievenbnymbeits aifgréyjhecale bits that are

e t h its
mosa G 1 RO Rio o e T SRS B8, b, aeren
length palsk-ofif péreisbivittsin sevame titeousg HifEhhweight evelséaipasipshuithin' a pulse

width petsrig)ahaﬂ{f At \?aqlal%fug apef EUPMet'ggéc? h@Felﬁ IBgtsptécﬁ’% ldhiid B0t still clearly

her | ess
within terbentioge of sth@$etﬂ@?gh'l"@ﬁfenﬁltbﬂugﬁyd%ér"? Bl &@nigyt of particular

embodm‘?&ﬂ?uﬁ il §@fatpP@Fe$1t €X @foskalriealy tﬁ’e d&ttaapé QLo Iof sneifications and
he contro rr 614 shown, (9 r¥ % V\@re cwcwtgxrT

various Qﬂaqggs to these tea ings may occur. Certain modifications or changes rmay be made

therein without departing from the scope and spirit of the invention as set forth above, or from

the scope of the ensuing claims.
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a conbi nation of software and hardware circuitry.

Further in this regard it should be noted that the
wo a7auE7bl ocks of the logic flow di agram of FPQIIUS2087/013069
may represent program steps, or interconnected |ogic
circuits, blocks and functions, or a conbination of
program steps and logic circuits, blocks and functions
for performng the specified tasks. [0060] Clearly
these general teachings should be interpreted to
i ncl ude reasonabl e variations on this concept,
i ncluding different ways of parsing the frane
We claimaccordi ng to the general concepts shown herein and of

[ Lts.to different partitions of the frane.
1. A%ﬁ&égglcg%gﬁ%@g ons are disclosed, but that is n? to
for a plurplifi|of pixebloggtianstof @n qleeirg-pRiRYS iPfaRtontiselusite yalve and across each
ofapluratluﬁﬁéffﬁdﬂﬁe&ftlvbhl‘?arﬁéyem i ve concept to those skilled in '
r

KRR DR SEN T IR R PR

frame, vmdrgﬁ wiedtilst paid @dsovd tohise avidth aperjoddi faner adjacértngtilke periods of

sequentlag‘rad’ﬂ?g rafé% gé%rggaéj fV\éérh gnsng Va%toﬁ?errr%gu &ﬂ?e offl pfgzr EB ‘?ﬁgt is at least equal to
a responaatimet dféhe e@ptra{apbﬂiay&r during whish m hilg aie mqwaaw ‘and
?;E&r%{efl* %%ﬁp%@m%\'m%u%dtwg GQIrR&N Yt Wdrh dhchh8f 16 Rﬂhr@ﬁty of pixel

ese escrlbed in the context of
locationspracprding mth@mlmﬁwe datahitsin Hie TEHP&r ent to t hose
skilled in the art that a nunber of rmdlflcatlons and

vari ous changes to these t chln
2 THoPREA ! RO oy ORI BOHEY B4 ateeh AT GP RIS TuGieos appiving
a voltaggliepgnthiagishi @th illenisatvges ltg‘misemcel t of the invention

as set forth above, or fromthe scope of the ensuing

clainms. CLAIMS: We claim 1. A nethod conprising: for a
3. Theumethod pf olhirpi2xeheteitapplying thyf velirgel ie syneropsmewithijgminating the
light souﬂ'11K @&P;S’rfi)ste' C?Jr SUEh to?tﬁéaﬁl)@ R bR réb‘b r?gag RoRdgedto a plxel location at a

consecutive franes: ulTatin

backplaqﬁ )@élth%iaﬁ|%9t@'@F§'CaLarY§"s§“5 wh'&ﬂh%we't@%é% g’"%ﬂ‘w'”a“”g the pixel
location WitH the R§HtisBdrcaimbdifatbll #iBt leddtesrel df tihfeadd amblitade.

second pul se wi dth periods, and adjacent pul se periods

of sequential franmes, are separated from one anot her
4, T racthiol s chdirh aom‘rieminttlhmt/oltagempdliedsw trepiztel lpoatipn is adjusted to a

t I [ i

vaiue bl BHESn0 Tindln LBg®'FlF SBRe obuy BYBE T dic Bikatioh S puise off
periods.out putting wite |ight from each of the plurality of

pi xel locations according to the nodul ated pixel data

bits in the frame. 2. The nmethod of .claim1, whe
5. Tigdmeach g clrims bt WHETEH »{BF TBSRASH Pré‘ec?ﬁfBP”'%eés”O "overlap between

voltage fAPRhYirRE times between pulses applied to the electro-optic layer.

CLAIMS:

6. The method of claim 1, wherein the first and second pulse width periods of the frame are
not of equal length.

7. The method of claim 1, wherein for each frame, each of the pixel data bits of the set are

modulated into discrete positions of the first and second pulse width periods, such that:
at least two discrete positions of the first pulse width period represents a first bit weight;
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a voltage in synchronismwth illumnating a |ight

source. 3. The nethod of claim2, wherein applying the
woelwragda7i n synchronismwth illum nating the PETNE2007/013069

source conprises, for each of the pixel data bits,

applying a voltage to a pixel location at a backpl ane

of the electro-optic |layer and while the voltage is

applied illumnating the pixel location with the |ight

source nodul ated in at |east one of ti ma and

'3%??‘&&8%3% 4‘? %%Q?aopr{%eﬁ%%nﬁ Itet?e {"%{ érl]t"gen |s PRd JBatsr‘%’;ngsenta second bit

weight leyathae thefficivbit vidiglgshol d t urn-on vol t age of the

ate§e§§{ £¥9 qué?ﬁ éﬁ)\éﬁ&)ﬂg gﬁ ti?é‘%eal Id Ejbl@@ Wbt B@rldBJFé?ﬂeﬁnﬁs a third bit

wherein the
weight leﬁ%ﬁmﬁbé seropd eibwgigh§&8dno overl ap between vol t age

af I@!aét t@fdﬂotﬁéﬁ@nsbﬂe‘f@§o@ﬁ§r\&€@‘ﬁh§ wesesd pulpk ivediht meriobeepresent a fourth
6. The nethod of claim1, wherein

bit weight ﬁésfth%'?‘edﬂ'éd Q@%’@thul se width periods of the frame

are not of equal length. 7. The nethod of claiml,

8. Tiqh é’negb?d 9 élaem?gu}fv&%r%g{sfor 2AER 73hnel BEcRbi e fﬁlé‘ttéehcpééc%n@ ulse width

I'nt’™0 di'scréte positions
periods drerdivides dhte exxpad dpiatioe datajtnmegmﬂosa ur@go'vhlefhafle O&tthe pixel bits is
modulatéc’east two discrete positions of the first pulse width
period represents a first bit weight;at |east two
ot her discrete positions of the first pulse wdth

9. TRETh&f ok %wrc%ﬁrem m&@;ﬁ%debtﬁ framieglcth @8@! th@anbit hedulated into the
bit wei

| east L0 Grete
frst puisp i bipesind AT Ents AP g Ui b dufh fuf §eh AT poauiated ino
the secong ipglske wiethspdrivdroftheefrsmeeond bit wei ght; and at | east
two ot her discrete positions of the second pulse width

period represent a fourth bit weight less than th
10.  ThRimethostof aleirg it whareinTies eaeh fiaEeofne:seliotpike! et gomprises a set

of gray SEQIE R dhdlth@BBipue afite Rfht ishe nfdnbﬁimcﬁ@@y%@él@!’rdsnhﬁsse
dth periods are divided into equal duration data

tlne periods during which one of the pixel bits is
1. Tredwkmioadof SlainT h1$ Wlﬁrhaobtﬂbutoh@iwnté lighth durthan dopmprises Hdirecting the

output WﬁlEﬁ gihw%g%:%hog é(ﬁ‘ﬁ}ﬂ éggpteo rS'e gé'ﬁ qagfdcg’l aﬁjo Sgnéé’”rga# Uglvé iarngtreading out the
optlcallytrhsm)ranrp lpysrelo a displdyi screﬁrdby glabally diaimgeplg@@mfdhe display screen
wi dth period of the frame. 10. The net hod of
S'mu'tangﬁ%sﬁ% 1, wherein for each franme, the set of pixel data
bits conprises a set of gray scale bits and the output

12. AW ddtRal Wetetvdive eoripiigni ¢ gray scal e response.

an electro-optic layer;

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

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

a controlier coupled to a memory and adapted to, for each pixel location and across
each of a plurality of consecutive frames, to apply a voltage in synchronism with illuminating the
light source so as to modulate a set of pixel data bits across a first and a second pulse width
period of a frame, wherein the first and second pulse width periods and adjacent pulse periods
of sequential frames, are separated from one another by a pulse-off period that is at least equal
to a response time of the electro-optic layer during which no bits are modulated; and
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11. The method of claim1l, wherein outputting wite
light further conprises directing the output wite
wo e@hti431o1 an optically responsive |ayer of an BPEI/USEN7/013069
read val ve and reading out the optically responsive
| ayer to a display screen by globally updating pixels
of the display screen sinultaneously. 12. An optica
wite valve conprising: an electro-optic |ayer; a
backpl ane defining pi xel Iocations of the

el
wB%rt%-cl"ri gnoe g%m ﬁ)pﬁgﬁq rl%%er lsﬁ'%r %)h ra? ! arpt%l%ghlf&;ne to output write

light fromcexthr afitthee pixeldogdtihs tegcardingrtorthe mmiu@dgpplggl data bftg in the frame.
each pi xel location and across each of a plurality of
consecutive franmes, to ap a voltage in synchronis

13, The ohticdl aite valve efcleine 19 gﬁ@regb@e@nye"%s pEAREH P 4PEY ghe voltage

in synchr%ﬁfsnﬁ’flvltlrﬂ]'|ﬂ‘lﬁhngﬁr‘igjitrhaI ﬁgﬁ'\t%hﬂﬁﬁbyﬂ bt Bath antheapis€icdmd bits, applying a

se w ri f h
voltage gt d¥ie (RFSEh it Ropetasie! DiaeBaracelt ‘BT A pepfode votage i
applied t@flluﬁﬁﬁ&t@fﬂﬁé pixef lbaates, with thedighasairee niadulated i atrieadione of time and
by a pul se-off period that is at |east equal to a
esponse tinme of the electro-optic [ayer during which
no bits are nodul ated; and | dwherein the

14. Tﬁe %&EEQ v&?ﬁe b&@é olf @I\éﬁ'ﬁ 1BSwﬁQr@m fd. coﬁﬁ‘@l@éraé Qbé(ptéﬁ t®adjlst the voltage

| 1 ght from each

[
applied tpofbam'misloeai@@rf@u Emgatu@ ?ﬂ%wrﬁ)ém??ﬂce@ t‘ﬂl”)&ﬂ Vﬂ%l% Bfe{hg electro-optic
layer for tH@ abgtidr 8MBe plike Fhgertpsi cal write valve of claim 12,
wherein the controller is adapted to apply the vol tage
in synchronismwth illumnating the light source by,
15. Theromiealhwrife véilee pufm@mdm awhérei, theprsisppnge dmgoteragiésesono overlap
e
betweenlng% l‘all C?%%arﬁeqnn > bétw @ﬁgaelsgg%ggrefcf@eth?gf‘el‘arﬁﬁbrﬁp@iﬁgét%r
the pi er | ocation with the |ight source nodulated in

16. T‘ﬂE A;ﬁl@éltw%evawe 51’ gBinfAY ARV thdSsirstldnd SBorPUISEwidth periods of

te val ve claim 13, wherein the controller is
the frame@aeﬂ@fcpfte@uabiﬁugth the voltage applied to the pixel
| ocation to a val ue bel ow a threshol d turn-on voltage

17. Tg‘ﬁl‘%’g'g l?wr?t(été/:’:lﬁ/gg(gtcilai@l f?ém'vé\ef 801{1 f cﬂl‘l’F%ﬁ é‘ﬁcﬂfofttfg@pixel data bits of
the set arbahﬂdmﬂtﬁdmrcbscretelweomtespmfstbe tflrsf@nclcﬁm?phd dulsgowidth periods, such

overl ap between voltage fall and rise tines betvveen
that:
pul ses applied to the electro-optic |ayer.

ab fseist iro giperets pegiansatf the HishPy!se wigla pefind (SIS & it weioht;
a??é‘a%:ﬂ gN(PH!h%? Wty pBsitibRAsT Bk fidiguigean@iiaperidtbtepadsent a second bit
weight les% than the f%st bit weight;

at least two discrete positions of the second pulse width period represents a third bit

amphtude

weight less than the second bit weight; and
at least two other discrete positions of the second pulse width period represent a fourth
bit weight less than the third bit weight.

18. The optical write valve of claim 12, wherein for each frame, each of the first and second

pulse width periods are divided into equal duration data time periods during which one of the
pixel bits is modulated.

19



17. The optical wite valve of claim12, wherein for
each frane, each of the pixel data bits of the set are
wore@aliatied i nto di screte positions of the firspPCENS2007/013069

second pul se width periods, such that: at |east two

di screte positions of the first pulse width period

represents a first bit weight; at |east two other

di screte positions of the first pulse width period

represent a second bit weight less than the first bit

wei ght; at |east t di scre 110 0 e 0 :
0. Thu 0ok HIF SEMeol! U eden DRIt hct PRI Mok ERFgBRe! data b
modulatetiiaio thb dirstqnosedwhith perodyrapresants atmereasignificant g’ﬂﬁ@@” any pixel data
. | SCr et It ; e w dth period
bit mOdUIrg{eeprlgg’etﬁ %gﬁ%dug@ﬁe %qtﬁ&gglg(ﬁte%gggﬁﬁan the third bit

wei ght. 18. The optical wite valve of claim12,

20, THOSLEES ViR R of ERIR 126 aHRréh fonBad frameqnise seconpixel data bits
pul se wi dth periods are divide

comprisega £t of gEYpeRlobts e PREUIRTE gﬁig% i ttgsf 8 %obc?@%uésg;a{x?s{égle response.

i's nodul ated. 19. The optical wite valve of claim 12,

wherein f h_f ol 2
v, THOBHR B SPON ERT FRFRBo 8RB IR RA ey o an
optical rexicgmaii/é dandptisal cormemniatjopiwitel théaewpyli writko tant ~and 2i disgjay screen
optically té%ﬁP I%8Ct(a)\r/]\/r{j!’}étg%eﬂ)\ﬁ/cgﬂ" erg%)éb;{éﬁ[e! %epfadaﬁ%df foagﬁyba%o-upﬁsﬁ pixels of the

cal claimi12, erein for ‘eac

display s¢regpsimultaneseslyof pi xel data bits conprises a set of
gray scale bits and the output wite light is a

nmonot oni ¢ gray scal e response. 21. Th tical ' :
2. ARG BN FTPO0PA T HOM S AT TEATE BhP Rl o perorming
actions mreﬁmrtsiowpdltaiygepvrité lighn, thptactiahs ct_sadrisiag,vfer arplwplity céipixel locations

COMTLI 1.0 . ol i i Rirality of ti
o n oL Wy 3 M ALY TN 18 s 08 51y of consave
frames: r esponsi ve | ayer adapted to gl obally update pixels of

nidRIAhS R 8% SFHiRR Aaki B HABEOHTIt - and%a séedHIPUIES width period of the
program enbodi ed on a, menor mnd reada
|

. ! bl e bx. a iods of
frame, whergiot e fig Pt GFPRhPURS e RRTst, & gUiBGRRLPLIsRgPeriods
sequentiw][firér_ﬂeé,ié}lbtsepéﬂé@cﬂﬁér?m alfw’iyribqianul_sé-@ff peeript Winatlis bileast equal to

of  pi xe ocati ons an el ectro-ont.i.c .
a reSponﬁﬁli'ﬁl?a‘Ptthi eé’ir\‘?éqp\%"é?aé'ﬁag%r?%g's'ceé’%ﬁm%‘faré?%?%@ ?taégl Dot .
separattytin veadhr faee, quipliting iwrde dighetfraph ¢rckepf diag plurality of pixel
. ' ' ; wi dt h period of
ocasons e B bt ) e vane 01 P o
periods, and adjacent pul se periods of sequenti al

23,  ThEABESputdf ro§RAT JF &kl 20 AHeréli 0hbailalhyg and Wes eofopikel data bits

_period that is at Ieast,equ%.}o. . .
comprises applying a voltage in synchronism with illuminating a light source.

24, The computer program of claim 23, wherein applying the voltage in synchronism with
illuminating the light source comprises, for each of the pixel data bits, applying a voltage to a
pixel location at a backplane of the electro-optic layer and while the voltage is applied
illuminating the pixel location with the light source modulated in at least one of time and
amplitude.
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a response tinme of the electro-optic |layer during
which no bits are nodul ated; and separately in each
wo e@ma43iout putting wite light fromeach of theCT/US2007/013069
plurality of pixel l|ocations according to the
nodul at ed pixel data bits in the franme. 23. The
conput er program of claim 22, wherein nodul ating the
set of pixel data bits conprises applying a voltage in
synchronismwi th illunminating a light source. 24. The

25, T%Snc‘t%ﬁéjzjrt?rrprggg%ﬁp ﬁ|aérﬁ18%\4 t\nﬁ%rerllw & eg? gﬁeog;%;%feggto tﬁg pixel location is

adjusted=0 anakiecteipw isstessshblr tugaem v@fagemf tine g@lctrglmpac tﬁytesfor the duration of
a voltage to a pixel location at a backpl ane
the pUIS%gﬁ%ﬁ'@%’ect ro-optic layer and while the voltage is
applied illumnating the pixel |ocation with the |ight

26. TheWdnSp d@dgtlc@'&ﬂ dcidin b@aﬁhel‘éﬂﬁtlﬁ réslpﬁﬁs@ﬂfhe comprises no overlap
[1tude. 25, The co%g’ut er ro

betweerBpes fAldsd 155 TaRRaEET GHRES SR Y iaings e
adj usted to a val ue below a thr eshol d turn-on vol tage
t he | ectro-op e [ : ;
27, byl kpsaer oun 26 bnein iiEnSkbal 88 f pRg width periods o
the fram@z2re mblteufaqnaltllaegmesponse time conprises no overlap
betvveen voltage fall and rise tines between pul ses.
plied to the electro-optic |ayer. 27. The
28. Tﬂs\e(f@rfmtfeffpregran?rpsza'%%rVéh%eFHer 3G afaﬁde@i'c%ﬁﬁe pixel data bits of
the set 41| mSdhtdl hnteediserde Fdsifidie dfrtAatiraramdngdcondl pedisalvidth periods, such
~ length. 28. The conputer program of claim 22, wherein
that: oy “each frame, each of the pixel data bits of the set
alteastodudiatrett podittorsi ofdheficst pase widthpeobd 1r¢~mre$¢msa fisstdpit weight;
ag?ea%p oD Y h%?di@cpétg pB?ﬁl{):Qsdéf théLl'?Q guﬁ’é%twd ltept‘é@ént a second bit
'S rst l'se wd peri od
weight |€r&§|cih@'$t§wtf£r8'fablfw¢'§ht bit weight; at |east tvvo ot her

11844188 RQSEid B&?m&ﬁcs Bf"'ﬁlefééc‘éhd RBiseewidtl tparib@ 'rePésents a third bit
represent a second bit ight less than the first bit

weight '%ltaﬁ’ﬂ theggecrad $it V!.’Wtd?%%r ete positions of the second

AU e tWh BtHer RRIGretd gospions entie sedohtirplidel widtke pgiidd tepsssent a fourth
bi t. l\?(\FI ght; and at | east two other

b'twe'grbtqﬁ:sr% ”if’o&i’ Bdbétﬁ’%e'g the second pul se width period

represent a fourth bit weight less than the third bit

29. 'I}%gern%gﬁ 3t proﬁ%@n eagﬁ% ?ﬁt ﬁhé’%ﬂf% @Ecik hahid, gé ﬁéeﬂrﬁ and second

Irst and secon rﬂp
pulse wigthiperiqsisr areddivided intoveaual duratien sigim imeuperiads lﬂ@sawhlch one of the

pixel bitd lsTRodfste@ds during which one of the
30. The computer program of claim 22, wherein for each frame, each pixel data bit
modulated into the first pulse width period represents a more significant bit than any pixel data

bit modulated into the second pulse width period of the frame.

31. The computer program of claim 22, wherein for each frame, the set of pixel data bits
comprises a set of gray scale bits and the output write light is a monotonic gray scale response.

32. The computer program of claim 22, wherein outputting write light further comprises
directing the output write light to an optically responsive layer of an optical read valve and
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pi xel bits is nodul ated. 30. The conputer program of

claim 22, wherein for each frame, each pixel data bit
worradaliagied into the first pulse width period reET/E@SENt/813069

a nore significant bit than any pixel data bit

nodul ated into the second pulse width period of the

frame. 31. The conputer program of claim 22, wherein

for each frame, the set of pixel data bits conprises a

set of gray scale bits and the output wite light is a

. onptoni.c_gra cal e r 0 2. The ; ;
reacing (08 HRe S el R R BBl ST SR Ppgiing pbets of the
display screenhegmutamguslyes directing the output wite light to
an optically responsive |layer of an optical read valve
andreadi ng out the optically responsive |ayer to a
di spl ay screen by globally updating pixels of the
di spl ay screen simultaneously.
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