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to the binary weights of the
[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
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DRAW NGS: [0010]Figure 1 is a timng diagram show ng
t wo | se wi per i ods S65:.0 e
oooe1 ¢ hor titeatnd pibEappom o ing RieBiere: AERURT QyREheRE Barticuariy
below. liquid crystal |layer of a display is depovvered.
[0011]Figure 2 is a tinmng diagramsimlar to Figure 1

but showi ng timng for pixel electrode data upl oaded
BRIEF DESGRIPHANAF HEDRAWINGSS first and second frame.

[0010] [10(%2‘:} Eu%gﬁ%ga 'tllﬁmﬂ:; bidgrave SHoRGRAMNE | puidaiwidta peridsewith pulse-off
periods betweuetn taherr|1 talngnaat tkg s%ar? of Qﬁe frame during which a liquid crystal layer of a

display is depowered.

[(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.



il lum nation pul ses nodul ated by pul se w dth,
constrained to only four unique pul se w dths but
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2007/ 143171PCT/ US2007/ 013069 [0013]Figure 4 is a

timng diagramsimlar to Figure 3 but alternatively

showing illum nation pul ses nodul ated by illum nation

| evel s/ anplitude. [0014]Figure 5 is a diagramof a

prior art optically addressed spatial |ight nodul ator

t hat _i ncl udes an. el ect.ro-0opt | ert al.. | ; ;
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[0014] | i ghFiosee Bus 2 chngramieli@ o apPPiGRIN addr ?‘%ﬂqdfﬂ%ﬁ@tgghif@d“'atm that
includes Sk Blecibplic neBRAI8yer 208 LElHotdHeNEItiVe s6mitohbowodimagsraniayer.

outlining nmethod steps in accordance with an exenplary

enbodi nent of the invention DETAI LED DESCRI PTI ON:
[0015] Figure 6 is a simplified block diagram of an optically addressed spatial light

modulator system in which digital modulation is carried out to achieve a light output

characterized by substantially monotonic gray scale response.

[0016] Figure 7 is a flow diagram outlining method steps in accordance with an

exemplary embodiment of the invention

DETAILED DESCRIPTION:

[0017] In many display systems digital driving methods are replacing analog drive
schemes. A new digital driving method is disclosed that is particularly applicable to digital
active matrix display systems using liquid crystal (LC) technology. The new digital driving
method encodes pixel data into two or more pulse-width modulated pulses. The pulses are
separated electronically in time to allow for LC turnoff. Even in cases where there is significan't
difference in LC rise and LC fall response -times, the pulse separation provides monotonic
electro optic behavior that would not be possible with simpler duty factor modulation DFM
drive methods. Multiple pulse-width modulation MPWM allows the data rate of the display
system electronics to be significantly reduced compared to single pulse width modulation
PWM systems. In order to further reduce the data bandwidth, lower levels of illumination may
be used with lower weighted portions of the drive pulses than are used with 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
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applicable to digital active matrix display systens

using liquid crystal (LC) technology. The new digital

driving nethod encodes pixel data into two or nore

pul se-w dt h nodul at ed pul ses. The pul ses are separated

electronically intime to allow for LC turnoff. Even
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improved bértﬂcmrnﬁtoeommw e apsrediatéd fromaive rdeseiigiionekilpwr theemis a family of

possible cfw lceg foquo;W r%% %e& \;;[rgba ?ﬁé ﬁlf&?%iloW'(%‘ bith 4084 b%‘v%g 8 Ghon-limiting

Frons O he varration in the
example) eS/etb of dividedidetween i rrasesn gy PiEea sEAPPEISHeds [fy non-iimiting

example D Ul iy ﬁw’&%dﬂwhﬂf’@ﬁ‘@bhl@rbe%bﬁag@f' abl e width, or by

varying the anplitude in time, or by a conbination of
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bet ween the pul ses guarantees that the rise and fal
characteristics of the pul ses cannot overlay and so do
not interfere with each other. This in turn guarantees
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necessary condition for nonotonic gray-scale
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r|S|ng and falllng edges S|nce (|n the two pulse case
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groups. Each 5 bit group can be decoded into 31 bits

and related tines in the frame period. The total

nunber of decoded bits is 62. However, breaking up the

10 bits of data into two separated 5 bit data pul ses
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Further nore, the 10 bit data word can be separated

[0023] t i rres t%—ﬁ\gg ggh‘;gg nglséﬁ &Iétﬁ re%#@etg% guf)slélg?)%r f‘rgﬁtrt theeq.rdc response does
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reductrorp ﬂ'?‘t?t kf-lu?nabér%q)éﬁ]sg\ét;‘sl#)%@r RE réﬂé e RULRIHM EHohmodated.
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need to be as fast as woul d be required for a
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o be sepBmLatEd Tof bESHTSIC T FRLP S TRIMRE SR LR, tere are two
sets of M@hand @l titee affdctieg Welblaynaaie ctspongel ibde fise desponbe may not be

linear if leeg{as,rﬁa}qutg fila 1 eg'arr]g Frfngenlrt(tRE PEDREe wi bl nto%to?’tt’é se

ses earetvvo sets ri se and
fall tines affectlng the gray scal e response. Wile

(0025} trﬁegﬁspg[}?@ 1m3t¥mﬂ§’td|§)§ahi H686'dddictd h\ﬁPWI\ﬁeha’W@ f\% |pu|ses within a

feren e response Ww | mb
display frame period. The ilumination is assumed to be constant lsplay 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



[0025]In Figure 1, tim ng diagram 100 depicts MW
having two pul ses within a display frame period. The
WO bdoarmniat i on is assumed to be constant. D spl BgT/USENB013069

period 101 consist of a first pul se-width period 102,

a second pul se-wi dth period 103, a first pul se-off

period 104 and a second pul se-of f period 105. A first

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

subgroup&%ﬁc&%&o&%@ﬁ%taggﬁ? B?n(a_ hefgr%g%g{ﬁfﬂ 9% szrI]ser q?lg cgnter r?spectlvely Data
weights ##é kigscribedaree assmmnlﬁwnﬁﬁﬂwsmammmsugnlﬁcant blt (MSB) with digits

added arbge ﬂ?%‘g UL %?gn S %r‘?éf’g Wi %ﬁﬁg Qﬁlteﬁi:]n?;@t ReldtB REheRMEs are noted

and a cente respectively.
within a l@iataadmhmﬁrsnf@ﬁéls@@ ‘i bed here as' |east significant

bijfj éLSsz to nost significant bit (MSB) with di gits

added and subtracted to span t bi ht e

(0026] rangn t"F?élga%"?Q’@”b|190wé|'sgﬂ$tsp%FPE’?‘?1Eﬂ daPi PR 9% S of the pimary
weight d@adinfidsO8ihcd Bleeringe Vetwbel te. MEBARGINdtHe LSB ditds @geam.sa (1) time

108, MS%R& :Q' tﬁré?j agltr%ﬁ?ﬁéﬁ'rﬁ? ﬁﬁésl_eés’éﬂ ge{i%rﬁé B2 %’ﬁ%%é -49032) time 113
are binatyhweilyBRdbint tirnadelatiee LSHrdiauigeswigiip cgnter_QQS( §)m|{qrwe L§§31 (2) time
109, MS% @56&&1@84'267 %é,zegﬁ%’“@;)(tﬁae “”Q?Ve'é%.l%gdﬁ% ﬁiﬁ)agb:nri]rss -2 (128) time
115 are hinary weighied vret'm@ relativg tRAceRd \R/Plﬂ'?ﬁ""e@rﬁeé‘lterg‘g’%

Sl mIarIy, LSB+1 (2) tinme 109, MSB-1 (256) tine 116,

00271 (128§ HAEATPAPE ol Wal SURBIU @0 P% TO7a L PUER 8 SpLian at the

beginning & Gifkd puldeswidiit déhooteﬁﬂe}r LBE/ (1) [tDO27D8 rmrNr%Bf(ﬁi%)ttlme 117 or pulse
width cestl‘éfb g@“@hg‘;bteBL grhg gf r}%ﬁg"‘%gyér@&ﬁ o‘éq? %?gﬁ-: ifbokth L8B (1) bit and MSB
(512) ar«pln@e -Aisgcongsuborpupoof st pese(Wigt trpef@dla)@Z 4§ sphipw at pulse-width
center 1%6’5 ﬁglshth?B)Mrr%e OIr1t1 R 1S5 A6 tikRM B oS B-4 (82) time 113. The end of

P e 0102 T B 4o ELL s ot
the MSBO4 bft'afréfallmﬁrﬁerhﬂ &thbr peabeidd Heliods irsthie d;emyndtsubgroup correspond to
the otherp t%gﬁe el T%enltllon ég% %ﬁ??ﬁ%+&%@tth%ﬁw t%f LfSIB:-gt

pulse width period 102 is a tine when a flrst pul se is

[0028] set ﬁ%%?w%%ﬁ?ﬁrﬁﬁgﬁ{@&on#ggﬁé ~Rbith ;%Hd)dt )ﬂ% Msgeébn@ pulse may be

are a erlosm

set hlghsaédb@@egtmbmgogfpswrimw'dtﬂb p?H‘éd GORE L3R 1e(%n“rﬁ? {109 or MSB-1
(256) tinfeOTHY HFsdIEIwRith Eéﬁtelnwfﬁ’rhd-t%'hh@df §dvanM§la+sé-\bnutrspenod 103 is set

high if b@gﬂ.ﬁ%ﬁ?@%rﬁg I\géégﬁiﬁp%gw sec sub r%u;%%f segcgnrb pulse period 103
is set low at pulse-width center 107 or LSB+2 (4) t|me 110 or MSB-3 (64) time 114 or MSB-2
(128) time 115. The end of second pulse period 103 is a time when a second pulse is set low if
the LSB+2 bit, MSB-3 bit and the MSB-2 bit are all high. The other unlabeled periods in the
second subgroup correspond to other three on bit combination of the LSB+2, MSB-2 and the
MSB-2 bits.

(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.



set high at the beginning of second pul se-w dth peri od
103 or LSB+1 (2) tine 109 or MSB-1 (256) tine 116 or
w@mosa4irdt h center 107. The begi nni ng of secopPdr/us2007/013069

pul se-wi dth period 103 is set high if both LSB (1) bit
and MSB (512) are high. A second subgroup of second

pul se period 103 is set |ow at pul se-width center 107

or LSB+2 (4) time 110 or MSB-3 (64) tine 114 or MSB-2
(128) tinme 115. The end of second pul se period 103 is

a time when a second pulse is set lowif the LSB+2

bit, MSB-3 bit and the MSB-2 bit are all h. The

[0030] ot hergmé aberoad mperélectsodentining ferea onmlm@bgﬂl nynation display system

rr h
in which E’gé‘uaﬁ’ B%ggel%&r&%z ?%a taBISES%é}Ed ?g& f\g @8Q1$équﬂ®%d%??am 200 shows
timing diagriaght 8@ repented agdisst Fame frst rAdinies e figst ngg%ﬁewd row timing
202, first NS Bist RRy AWRIEES, Qéééhd ﬁ?érﬁe fifst Phw @ity 204/ and tecdmifraime second

row tlmlqgsgﬁratglergtoé;rg; g%gcg{q?r st ZEEr rv&ﬁesélogcli rarq"lets g%v@%mlng 205 are
slightly d@)@ydlﬁ"&ﬁm&’ﬁ éhd‘éZﬁleF/r&Miaﬁﬁg [ztoﬂszﬁlid:sgmmml famhoiitst raywtiming 204,

rode tim t in Li
respectwﬁysﬁ'%nﬁ] rpwsm{rgﬁg?r}é{ontgﬁﬁlﬁ St s e?c%gﬁ %rﬂ:\rg qh Hd chb%’u]ré‘;y The delay
of first frapealbetdrown émimg263 relativarte. first framg fdshgwamnz[g)zghmhown as being
I rame first row
delayed %J.’ﬁewga%ﬁ ﬂ?élr}rés? 9?&%%%@2'2&36%“&%’/8%2% ng 202, first
frame last row timng 203, second frane first row
oz tim {W.ft@%n@&ﬁ réﬁfcgéﬁésé rr@WEdrf‘nﬁﬁg)rtdpdSsd%\?blé i (rjrg? 283y of the last row
Firs ranme seco nd .secon ra
tming 26 eIy Gune,HFORGTTEDS HECTY (0P 7 BEF g Lo PR - The frame
time is §Hcﬂm£‘ abifrsrhe rmoalmm§m1daa¢ vgritoduse ding framstlastorpw timing to
substantfallly S?tn ng%peﬁ-{ Hg ?r%!’nve%ir& roMﬁn [’uﬁ%4cl9é;[5mgpc§rpwteh?ame rate such

ast rowin I xel "array. T
extreme dielayy nady mwtrtzetdefarahﬁ last row timng 203 relative to
first frame first rowtimng 201 is shown as being
del ayed sonmewhat after the first frame second ro .
0032 {1 m it ENSEOO IR ANUCIA PUWrakees Sl di Ymegdifference for
exposind b NIOIS pollc® drid L$®% sied fy1.0fhid hﬁ)lieashatrtBWetls wenglit?®8me to present
the LSBeqHI§ae$ igvc?q%%%tt h 8%%'@1%&% ﬁigf r@qg% %ret}ﬁerﬁl Jg%gt InaSeneral this

as frane
implies fretivaty 2{igh c&ﬂe:hatdael ay baodwidtrc s stll fnaesiedf r ahis reggirement can be

somewh]aP dtucg%wg B9 te%HRéB%@B%t%l&e Ypoygr | ap the second frame

rst |ng upon the franme rate
such extrene del ays may not be desirable. [0032] Wth

[0033] C_onst,a[;}t ndn lcBiBr rk%‘qb@ﬁ‘haﬁ“@st%@nsphﬁthgécﬁﬁéta‘h‘t?alll&mﬂaﬁ&i thBedata can be
ti difference for exp 05|n aI\/BBrgcr) i Qn .an

presentasiip thp raw P Siepka%E A sRAUET IR ErEr B $bfs BSfrgow scanning
as depldtéd B ERGRd 2t hehb&B Hruhstedithsl eneom drebss eowaddessinggean be helpful

next bit, pul s In general, this
for redu?ﬂ%mee%"?%g?ta %trey(%?nr{‘]eh(E gﬁ?gbng‘ées %r bandwi dth is
still needed. This requirenent can be sonmewhat reduced

[0o3a; PY thﬁltérﬁ?hfé‘ u&§eld851%' ksq lg@llﬁé‘éer{t&pqg] é:lprthélcé}raﬁf)'p%l electrodes
sequenti a stens wth constant il|ly a% on, CP?

simultanggtigly ckpppwras global updating, if the pixel cnrcwt contains two data storage nodes.

This feature is generally necessary for color sequential operation or amplitude varying

illumination or pulsed illumination. Pulsed or amplitude varying illumination can also help to

reduce the array data bandwidth requirement.



presented to the row pixel electrodes in a sequenti al
manner as with top to bottomrow scanni ng as depi cted
WO p0oFitgaare 2. It shoul d be noted that random aBCEES2000013069

addressi ng can be hel pful for reducing the array data
rates to the display pixel array. [0034] Alternatively,

pi xel data can be presented to all the array pixel

el ectrodes simultaneously, known as gl obal updating,

if the pixel circuit contains two data storage nodes.

[0035] -Srglqag\Zﬁ?lgta 6%5\'@?88 I3 A {/;gilqr:‘l:ﬂ&ngﬁ?r% ﬁthgr§ulsecd) lv\?elr hr%]e% a|llummatlon with
very fastuC @spsesk, iaddiiohaladispay coutrdied aod diantdy wmlamgr%ymnglcatlon can be

realized. I|J1 lF'g;{H ail{h%ntlr% Eér%r#%b@ s%n%\év%/eéijgeoltt 88uré Rkediat &iriving method

ul
using puwewﬁgmtmag’wlqm@@]amm@ 3011 | qoReiatR %%f"'% PHISBIWidi Rpriod 302, a
second p%%@ﬁfwéﬁ‘wt pertdt oD 8! i Sﬁbd Bbalghaatde@BnavbliBe o period 305. A

nse, dltlon | spl ay. roller an
frst pulseTagn P AGA A SFASTFT s MBI ERHoB 0P CTT S G 1 5 data bis
which areEIdGUchia&mt&eOtUltmdﬁgiath agh A0 SaI sheatien ajrri-:()pmmqr@oﬂbbé-SB (1) and
LSB+1 (%‘ J;ag? B C]age;ﬁ%cl: 3 h%%_alltlmenyger%%l Sﬁ% bb? %h %tB' With reference to the

consi StS
beginning of getamrdehoepedua@@ g@2firshpglee avidthprantes- Whatu$8pr@rﬁ4é>ol—88+3 (8) and

LSB+4 (?63%5 % fdéétgdéw’n%gétfa tnrﬁ%bbﬁ&ds’fﬂﬂg ang, 8159313, 314 and 315 with

irst pulse-w dth e”@g @ MSB
referen0%1tmtha eg@dafrﬁ@ta)tjw&ﬁmoe‘ﬁ@gpg}ei fdfat Rigae width Ce Bg (38) and -
3 (64) bidatra d@bé@ed"htcﬁbat@rtﬁnéjﬁﬁmgm {19 2l Big elgtfvedatise negihning of data

i persSa T8 o i e S AR 719, - Sl e o1 i

are decodB6 jnt3 @ataatthe 3BBiods t3H 9r 32®&:r3&rcd22.032h 828 egidrizndnyitofeference to the

end of d%t%téﬁ'ﬂésggg f%l boﬁgg%%othb%las%h\k@ ?_%Ht%tig‘)ﬂeg%c{hg?gﬂgﬁ{ of the data time

periods rg¢deeasdte idisptpyddata ratede peri ods 309, 310, 311, 312,

313, 314 and 315 with reference to the end of data

tinme riod 309, the first ulse i dth center. -4
03] ( 32) MhiinaksERP YR Mg 390 seslslRie SLBHT Priss SERHPS 4q1ngo2. 333 and 334
each haigd t@rent Gulslvidaizd Tfﬁlballdrﬁlhaﬁdn/EVEI@ 331e 3bRgB3BaNd 384 have relative

pulse wuﬁi}g%oﬁ*% et{ Wég'is;?%fgg?veg/n ond %vel\’\éflt ||?1 tﬁﬁg'i:&rresponds to the

MSB (51dpddgRd d%ﬁbadamBﬂdﬂZ@meamOSd @am th@erlGQS_MQZEO 321, 322, 323,
324 and%%% Illﬁa#néng I%geﬁ ébrFe% Sﬁ&é‘&;elvféé .{’»g@&h)eé}g:l MSBZI@EF@Z) decoded data

e sec pul se w center

time per@qaamL 3igtandois. Hiraieson foy) gé?iextrndseig ibesecpad pulse-off period
305. murﬂinﬁ%@bévélaé@ &&P@s%onh@%@ém i nsBIm(spuha e Spai (mg) decoded data

nsi sts

e ol BERGL 5 Ggh S E B3baich e 35 Blosnas to r
LSB (1)idnduinsmBat |(Bﬁdbﬁveé®dé3ﬁmemLod33’ﬂ)6ar8ﬂ)73&4d Bage lllumination level 334

oo SR FyBA S P8 008 ¥y B 0908 e

corresponds to the MsSB (512), MsSB-1 (256) and VBB- 2
037 ¢ 128)%@&\% %&r@%@ﬂﬁo %Pﬂﬁcmry' Rd8cetliBe d%{?é)bar?d%@dtha?e%ween the display

323 um nat’i on | evel corres

controlef gnAASE GPIEH pYAReVBIBT (5230 08 URIGE Qe £ PHE 8 {FEas period due
to using #ifinatibA v@éiglht?r@as bbédﬁ@dﬁaﬁh@ﬂsd emehe &&Bgr&mgemdmlrtgadlagram 100 or

200. Ea%@tﬁgﬁﬂ%gﬁgﬁaéd{g f ?o_rﬁl o%l?f qugBofJ m na[:}elﬁlgg vsg(@c\f‘nens a much longer

time tharf ife) L3R bib dgposiae & timing @agnaodﬁ)(B@Blchfﬁﬂ)M 034 of a3apme period.

313, 314 and 315. Illum nation | evel 334 corresponds
to the LSB (1) and LSB+1 (2) data decode tine periods
306, 307 and 308. Illumnation |evel 334 extends to

the first pul se-off period 304 of the next frane
period, not shown. [0037]Ti #i ng di agram 300
significantly reduces the data bandw dth between the
di splay controller and the display by nore evenly
spreadi ng the data bits out over the frame period due
to using illum nation weighting as opposed to the use
of tlne ME|ght|ng in t|n1ng dlagran1100 or 200. Each

I e . oA ~ o



WO 2007/ 143171PCT/ US2007/ 013069 [0038]In tim ng
di agram 300, the reduction in bandw dth is obtained by
w0 egaileiimg faster LC response than required byPCT/mB2097/013069

di agrans 100 and 200. In timng diagram 300, the

response tinme nust be less than 1/22 of a frane

period. In timng diagrans 100 and 200, the fractiona
frame period tine allowed for LC response is a display
controller to display data bandwi dth trade off; the LC

response. T fast
{0038} per i E\dtl Cfg%r?ﬂ‘ %ch,l%lagyegdhag§§ ?’rnw @%@J‘wn&{jh%s f‘alﬁéd;gg aeequmr;ioast :r
LC respanse thlahuraqumed dwy timnongliagsamentd® seed29bt Inpiming diagram ©

responseCiang rm&?%'e%?éjtr}a{]o{mé@ tﬁ‘é}né deiibd dmcmﬁiﬁgmaé@ems 100 and 200, the

erent data decode an umn
fractionalt frama gpasied g{@?gﬁilﬂ”ﬁg T9F L&n GRTRORES '%958@ G 6Pt display data
bandW|dt[1 RQdRlowhiHea ¢ FelpREsE iseranRt3RImattoless thaceid toe freqeateriod.
duration data tine periods, data time periods 306
through 325, the least significant bit data tinme
[0039) perl afl gmerndiagrasin GO0 thedddty devode iamd ihwninatien) Eing, segence need

not be |r§ lb%o]rﬁp a;(#ﬁ%l%é? f% e i 8 Bllt '@éeé&g UE@S nBken, rgany different data

peri ods. ition, the
decode aneiifjiedtion timimgred wgbtmgoarrmeﬁm arq ROsgi-oxi mat el y
1/2 the inverse of the bit weight. So | ess LC response
time could be used for the |

[0040]  respdWRle Mg HRATPE 8RO GRS e Pﬁgq‘ﬁ?'éﬂ‘é?t'og'rcgat&%met geriods, data
time pena_@@g@G trﬁ‘éf“?'ﬂ 828 3hé s tisighificamtibtirdzda Bh\@v}mﬂodscaebpmgéened by the

m_nance’.r | ¢ bit 1 J
time not %PF% Hé?heo Uinill'l,ﬁtlﬁa tg%@ ﬁrgstn'tﬁ Pc%lf' tﬁg\?nché? Sasgé'nflé:an it time periods.
In additicrp thechit vpighta lﬁlsmmtlglp&rnoala"w@iﬂ@ isn@RRIPEMSeNOXSING inverse of the bit

weight. %/gg%%g 'd%%g&ﬁst.é ﬁ’rﬂe%ﬁ'ooge hegy fs tRd 1dvre B&@Qﬂrﬂﬂhﬁ@ |Q¢ response time

umnation timn % cP $&
could be|ugafl feribe h@ﬁg@rqﬁpl%gr}%&]@gﬂnq%rﬁ%g@ f8r a slower response.
approximately 25:1. The OASLM i nt egrat| on property

adds weight to the d r sent d_ear.
[0041]  yal veher! g‘ﬁ‘é"aﬁ‘&? e ? HE? E’Hée?érbl ki t'?ﬁ t'mté 380 1°R% to 1. with use
of an ophwnyraaiaﬁ&searsgenan ¢ighi medulaﬁmmsﬁmmsemtegmnﬂ wErip@ hegins at the
beglnnmsu%fsﬁ'g }Nogl d havellﬁn{rgllwgt o Bin ?béetﬁ’g HhReOfunfiRlcet HHge may be

ration
reduced [f@@a 228:H Ita mnmommte_heaﬁén&'be SRSV dnigorekian Preperty adds weight to the

data pre’s%hfé'&n o4ty Wtr%ule%%svélbétfra@ﬁ@ pehed t #lerdy Fldiaingothef gllse luminance

ast’ significant bits and | on or the. nost .
range reguifigrf |E@§Ht°fbmes20|'H%'Pé‘§H°pr%ﬁs HOul piYe @ gﬁ%g?'?‘o%‘,"se width or
amphtudEer:eQHﬁiBé bude wintddratidd sRettaati on could vary. In

Figure 4 the timng diagram 400 shows a 10 bit double
pul se LC driving nmethod using anplitude varying
[0042] | I | uriiluvainiation sespicey330 simpvpthat dee Hominadieni misasfthat are shorter in
duration F;or ﬁl%dg%%?gnmcghpb&eéﬁcf Qméglzfor hSRorns Hiﬁl:é;rﬂ'ﬁﬂs anBtead of weighted

period 404 and
pulse dysatiare the Bmpliuide ®f 405 '“Um"ﬁt&%‘tc%'iﬂ Ryt iguiset %?ﬁjt“li'tﬁ‘ﬁl diagram 400

shows aaﬁ‘@’ tﬁb Wﬁu@é' @Mﬂb%@&bﬁaﬁbu@an@aﬂﬂemngtlllwfﬁlnétlon Display
Its

vame pG P Sl PUBSSHER 1410 4543 Lt R or 4

first pulsIeSchrﬂer(on) A@tesed bisteorat pzulsleoffqbedod H06. Aldirsd pulseewigiiy pasips! 402 and a
second alé§% \A{lﬁﬁé}engd ﬂBg %Ig %orr\ﬁétecff &NERa bis WRRNREE BRSNS iAo 10 bits of data

erio
and 10 equal duratlon 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



WD 2007/ 143171PCT/ US2007/ 013069 first pul se wi dth
center. The LSB+2 (4), LSB+3 (8) and LSB+4 (16) bits
wae@7denoded into data tinme periods 409, 410, BAWPS2022013069

413, 414 and 415 with reference to the end of data

time period 409, the first pulse width center. MSB-4

(32) and MSB-3 (64) bits are decoded into data tine
period 416, 417 and 418 relative to the begi nning of

data tine period 418, the second pulse width center.

first puIS%gé%éé%l Bh%@?&%—?l((ﬁgq_)sg’w&dgg/éﬁf %4)4 PIGZ%HQ afe decoded into data

perio 420
time perick®3409}24 Oanth 4912, il 8.4 Wedrat 41irwith cefereace el thsr erwa?fapata time period

409, the qugll & Jvquh%én?ter tl\h@B%@%‘?%rﬂ%@@ Wéﬁ)rblt%%}bﬁfecoa&ﬂi into data time

data tine periods reduc
period 41f §5I7a§'/n<d 418 ot T beginniap| 97 Na1S B?f'%ﬁf‘ié; the sscond pulse
width certtérmm é&@zg)omm q286) drauvisai (Bfi ey tsrstareldeundemmmqata time periods

419, 420; nE #gt‘}%ﬁ\%%é\%l‘g&%%{"%% Z{g%%g’qca?gpo ti\% %4 data time period 419, the

second pulealidite campt.i Thedesuzdlerp@8 of 8@, data dime genqc@gpéga;esv@pﬁnsplay data
bandWIdtH | um nation level 431 in time corresponds to the MSB
512), MsB-1 (256) and MSB-2 (128) decoded data tine
periods 419, 420, 421, 422, 423, 424 and 425.

[0043] :\/lsl Ulpaha®h beel tu’r‘rﬁ% ﬂ@(ﬁ r&ﬁ@i@fed%f trourMBiBerert Glmiaaton amplitude

32) decoded dat a er oqgs, 4 1
ovels 431, 145 1901 811 Pl IraRp Byl (b Sdohi? ok lon e relaiie
amplitud®€bf ad8 48, 4 bhd uryiresddcovely. elﬂeﬂnm%@n toret d8pomdiset gorresponds to the

s (et s O AT g .z 0

424 and MPBU Humitaton lbeslel324@irasopndss fSOMGS-3 é%)h@oLM@Bcﬁ)@%)rﬂfcoded data
time per{oﬁ? 44 6 %)17%4%019%51%&15'@ 1dV/ey h@g%x@@e t60he %@oﬂ@%ulsa off period

um hation | evel ext ends
405. llurpiioRileyp! HEXEOTFSRRBIBET L8R4 G0, LRI (&) GoU 4RG1A (16) decoded data
time per%@@afo‘gnh@dliﬁf‘ttﬁ@e 498, 454 R@gdampl. ilfustleaticar evelgd34 corresponds to the

155 (1 gt LS B b RIRRE A AL IOFRER e o

extends tdGhedBsiquidee-off penmbdf Hext remegstried nobhamowor const ant
illumnation. On the other hand, the array data rate
is as low as possible for this dr|V|n

[0044] [0045}r||é arperefitspdvaptags v rusing @ﬂd&y%néawm ilumination is the LC

responsé fj g}g 5! Meéd”t@ ef bs th® £ ¥Sh§ ddlkséchﬂ?luﬁf riafll}anII-@\n@K}er the LC
d |ona ext er nal nal gen t he required f or dat
responsg mmwgddppetfﬁetem%é‘?aféﬁﬁ*ﬁfﬁ 'U{“\ABat ?é‘%&mﬂr? hand, the array data
rate is adTRALASDESIRY Sapisearingemethbdi nated in the decoding
process. This feature would allow an additional 10%

reduction in nmenory and average data rate to the
[0045] arr ayf teddisplapherivenh adé wesigseddn duubigisiousl wen 6fftiep pixels in the

array via %?Q?&YO%@X ﬁalr@% A1 %neh ftl{éea Bcrgéuﬂ'éd foH 'Elﬁnﬂg M Metllld Petween the

I Mes SUC rgani c emtt

o pulseCusi madUipiep haliset dan b BITHREISR b bR HRoTs pragegs: This feature

would allfVES hedilion@ddbs Feuctiéh i raeinaksand Seraigd aataabe tanke array.
menory system

[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

11



WD 2007/ 143171PC T/ US2007/ 013069 sinplification can
al so be inportant to printer systens. MPVWM nay be
wais@ah3irn ot her applications as well. [0047] ABCTIOR®d7/013069

above, the approach detailed herein is particularly

advant ageous for use in addressing an optically

addressed spatial |ight nodul ator OASLM Figure 5 is a

di agram of a currently avail able reflective OASLM 10

as detailed in the incorporated reference "An
e tically addr ray r a e useful in other
simpiicaly ) gleon e FRFre| B plall GyBLRE. " WPUEOEHES, be g
applicatiofg@isiwelt i on No. 60/ 803, 747 The OASLM 10 i ncl udes an

el ectro-optic material (e.g., liquid crystal) |ayer 12
and a phot oconductive | ayer

0047} seni O8MARY @POY&tt@ﬁaﬂpro dééﬁé‘gg’ggﬁ%g%Egﬁﬁiﬂ?ﬁ?’ﬁd\/antageous for
use in adhms%nr@@mb&awéed@eb@@bpahaﬁ lightt raocaatioe OASUM. matgere 8lisa diagram
of a currﬁﬁﬁy rat;'lan gp EF%IPIG égﬁ_b gﬁpéﬁkd G {1 |ﬂ<?d?8&'a(edcopeference "An

ous 'si
optically enmjr@ethSg-yl scala elacﬂoucdeharsen@ctcwnmﬂmgalspgthzmzmodulator " US

Provnsxonar(] d/iprﬂﬁ: iR, 2 Gl JASIWh 9 of RéRidRb érﬁlé%rctré?optnc material

]
osenS|t|ve ayer 14 are positioned betwee
(e.0., liwpional) faver ARsiver ePhOIICETIUGB4YES HntPTD8d SigHAt Plgemiconductor

material. Wh%?@rﬂ%ﬁhhﬂ&oﬁh@@n@g|ﬁ$hlggx%6162@ere_rsl%$adfé@frbh& Gatigybf materials

(read | h is reflec

absofb'n%“ﬂhbm Bie. V'F'H'et e ?Pﬁ%@nﬁaggiaggg 3 a@g’l i ft8r exam@'e amorphous
silicon, almcg,bﬁo@rwhldohe:aﬂaad élngbthmsza&a%w@mnsmr Zn8, agd CdsS. Liquid

crystal I?M’%t{)}g gugﬁ?\c?gergsgtlel e?t | C1t{nar<£ osﬁ%n?ﬁdbét!ﬂ/@en ?ptwﬁlly transparent

a]Y rI’mSt a sor e wit
electrodesn 6 pags!a heppasted ¢>m gmpecpv)@%?ﬂra&@ff 28and ﬁ%dT'P%tV&bb'e output light

(read hglﬁ‘i@ Bgflre@féﬁsofﬁgcﬁl&@!:tﬁg r?MrgF b4pﬁ1rt!h@‘3t$ar%§1l£’§érﬁh{c@l@ &bﬂhvi(ﬁe write light

used he wite

and the e atceRSsR RIS abEralr 20 AHerai/a GIdRge Trtor 24 and the

photocortdiRligafa ?/8:‘ 14 frdt SbdorbYhd Watd IRfAUahd phss theG8dd)ightnor e
particul ar enmbodi rent of an overall system using the

frames and pul se width periods within an overall
[0o4g] SYst emxdlebtd meduiated ihe fraes pod puse widfrepaincle dsSietailed above may

be used %%gﬁi?yrg”?%t%P i & ayl\lgcalg%%t g[n%g?ogé;@gfkrﬁo the OASLM 10

agra is”a si I 'agr am
and theredfteame@nSLtMsstread B0- i n whi ch digital nodulation is

carried out to achieve a |light output characterized by

substantially nonotoni ¢ gray scal e response. % M 4 oul
[0049)  syst TEUL PBIGUIRESTPAHITMERL AN E%Frap SYHCBLYSIBA IS PR and pulse

width peQIBB!; GathiPah fb\/é@émswémedél@iécbm theainborpORated refengraeedS Provisional

Appllcatléagf Iqqgg(ﬁip %Aé tl_ll—:ége 8618\” oégm' |gaag§1mg deWIOCK diagram of

an OAS!AM BgsteingBo0 hreavhusroulrg:tal anwlthSIedcaﬂwb@almt@rﬁqhteé@ a light output
characteél %@qbg\éulbglgnﬁ%gn%ﬂgfwlﬂ:t té&%%u@@pénéém@@lSLM‘%?ﬂéﬁi &80 defines a

rou ol ari zi n%
write optigsdipat FO2 andea gea Opfrl%\hpath 6AF1 e e oriicpb Rt 642 is composed of a

segment éBHg W Bﬂi‘)pEPé‘ttesrﬁﬂ B tﬂé’fﬁutloﬂi&%n@.&@w LEBt 665 pifoviiies a pulsed
m crodi s

ay_devi ce .. The p-.pol z
v e 5% B Sy A SUBSE S B H 5l Bl provagets
through Spluhhéleihtegistor The, s-rplaly dens gtaupno@s, aridea |p|olanmngab¢amSphtter 610 to

provide ??‘Lé%lo‘eﬁciﬂ‘%% fslh'ﬁ n%ﬁ!)ﬁrt ﬂ%t %@ he Oéééeﬁlrgéqgf an LCOS

microdisplayhdeviaen612| ITM@@p@nlaat@rapfeth@r luvmm@élom dasres_tmoggsthe polarizing
beam spiteR 698Nt ¥R ls8fo18dhtion of the illumination is reflected by the polarizing beam

12



[ 0050] LCCS device 612 provides, in response to inmage

data delivered to LCOS device 612 by control |l er 614,
waQoonnidiel | i ght patterns for a sel ected col or POIPS20eTI013069

of the primary colors (RGB). The nodul at ed

illumnation reflected back fromthe LCOS device 612

propagates back into the polarizing beamsplitter. The

p pol arization of the reflected nodulated illum nation

passes through the polarizing beamsplitter and it is

soor S\ TRIE B R BFs AR B0 o8 ebbedio LoD aos oy

a controll6#d14,0ASLM 644 is preferably of the type described at

Figure 5 or simlar thereto, and al so seen at Figs.

1-3, 4A and 4B of International Applicatjon . .
0s0]  PCT/ US2SDE# (48862 provisesnidesaess i 'weu%gﬁ EIQ&FF%IM [{{gOS device

612 by c%@?%@ég%%@&w,tgmgﬁt Qétt%LfM é%le:tmelcoPs campoheaigef the primary
colors (R@edhermev U A ramtn oA poct FPRuhE HEEY gEftE 672 Bropagates
back mtol tAk fb@laatzﬁ@t tbéginﬁi Bﬁlittgg ohe tpheplarszsation af g iefiectdd anocl;N/ated illumination
passes t%rpaﬂgfhe[ ‘gl'] E%/E]%QM ﬁ&JA r|t @ﬁ%a@é@éggﬁqn@g\ﬁ% Iéﬁé}&lo and reflects

O ena

off a tilted ichr@it miobit B far ingitense rontanﬁﬁésLMg%ﬂ ¥ 644 tqprlef?éany of the
type deécﬂ?%&j%cﬁlgglfel %hgrs it nII%Ig'rtISSrété ggﬁd i@%ééﬁ%dﬁgﬁt Rl 4A and 4B of

Internathr@hdbmlyzag@p amng@wﬁggowpggqos ﬁl;ge \Amapglafgd‘gapht incident on the
photocoeru%Rﬁgéflél‘Soft @ASLIMIGM Id@l/@bpg at I/cﬂnageoanreﬁ #s 1iG4id, crystal layer. This

sanlnte f _an_ass
voltage ‘F%’ﬁ@?éf %g??t89§e@5 é‘- ? SRHesRards t%‘? lfnkefrgryte Iﬁtléﬁsuy of the
associatéd mesdeng U\emueﬁﬂghtam}bna IOonﬁaaﬂerp@I%prmesa@@ottage sngnal to OASLM

644 to %%}’ oﬂrﬁo' {;I%C{I‘ L] ¥h?° rSIIE: %rggtal szIt‘éo%é ﬁ]gnﬁ)e“rqrﬂhgfrelatlonshlp with the

m nat t matchesS the

incidence ohtfe A paite llgfatl o of read valve OASLM 644. Tilted
dichroic mrror 642 separates the white light into the

sel ected primary color Iight co and d|r cts

ne
00511  t hesdRqask QRriigh! PAtE|6R4| RGeS amaEc ! & BRBGS. PTGEERTS Enggmly polarized
white Ilg%Sl:IMeGMrte %ﬁﬁbdﬂp@!at@@ wF@ghﬁangaiaétlmabobyertheew formed as an

C I
e S L 1 A, SETPAREE, L Bt o
focusingpless Bi5aned! &ringaoRDlATiEgr 695 rtceaopv\m vreeacd«sacpww light in the form of

uniform, rS@QI\éuIQSmuM n'aﬂ{)ﬁ' ﬂ?‘elttrrYﬁqt b@tlr'ngge Qgpéa‘?atgcpéff B80QBNETBASLM 644.

ulated |1

Tited dishopagationg4a sengiviose At Ve TGRISINP ols SecelPr Rl color light
compon&ft 848 iR @Ie@étth%ghemd G&Qsetsoa@ers%amge ta readi oralve OASLM 644,

oeron oSS Ba RSSO LA SR B e
transmit@@adttr&ligroBr afbsbfB@8 bie\dnc andifzeri B5& qositidaed én wiroXimitiieto read valve

I d
OASLM %geﬁlt@%nég%}ns% awotdmeamgﬁ%f%e RY Jgggﬁrlo‘lrgﬁg%lﬁmrﬁ%dé)?&tent The
modulate@ digiht dleaen QaSbadagdd thmqghom,a@evalyg BASLMNh 8RB gis directed through a
DFOJeCtIqugILg 866 géHeQHtte d EiThRR E'f@ﬁbr@@éh&g oA adigisidysdreah (bt shown).
tonic gray scal e response
2007/ 143171PCT/ US2007/ 013069 phrase 'substantially -

[0052] ”DnOtQ&HtFoIIeI561115Qﬂotdmaw@nthbhatguthhemcmmemoor ohlIRRE device 612 in

nDnotonlc eshbanse I [
accordafles HIRLHS #nage PlrcetAS (1ng obaen] AChEhnRsicls by Leo eos
and theCcapalbg dddbiatisn ofontrat &f rEhd b tQABEMN @%Itpsp@ﬁuq%ut\amble analog
d. I S The

mosula @ SUSH WLARRER SHharlef b YHIMBIPHAABRL! piofledih Rodtonse.

crystal For exanple, it may be visually acceptable

that the 10 bit data transfer function be nonotonic

for the 8 nost significant BPts. However those 10 bits

of pixel data are achieved: they are mapped and

nmodul ated in the frame as detail ed above. [0053]. In

an OASLM the voltage across the photoreceptor/liquid
crystal assenbly



reverses polarity at the end of each frane. \Wen

vol tage polarity reversal occurs, the integrated
webargesibui |t up in the liquid crystal is neutPel/Ugmd7/013069

thereby elimnating the previous photo-induced voltage

across the liquid crystal layer. Thus, liquid crystal

voltage integration restarts fromzero at the

begi nni ng of each frame. Voltages produced by the

integration of charge in the photoreceptor i nfl uence,

. t he | t;
phrase §u|1?§{§ g{?l@empgah%né |§Fj H§écﬁ?¢ gne eﬁtﬁgg#hel %@;br afrﬂ@%t IQ% tloRBtonic gray
level resgmmedudiéith digitalydriving metifadand birrixed dptisi uﬁ@rﬂyn \ﬁé?@'ﬁt'%%‘“p to create

10 bits oin(?artg hf %JSE% hhes bft{leS@atha(Pé’ Hg&ﬁjtd"&@douhhfbr@aﬂo@ nédli@earities such

e teachin j= pul se ie, i be visually
as the nﬂmlmeﬁar i ea%c cﬂ’f‘?RﬁW@s REMIAY %néffél | " BETPI% & TR

acceptabi@ﬂfiaﬁtj rﬂﬁé '1Qrb|Wdét'é trhesfémfuBeticd bemaiotbhie fCthef 8 trhast significant bits.
rame

truct | whi ch
Howeverﬁgceﬁﬁ -1l Bﬁs 8%%'§e'rﬂﬁ§a 8% 8¢ '?\f?éjn &hﬁy "ng g?f%rf%%gg{o 'Snoﬁﬁlgted in the frame
as detail&Dabdvauous i ntegration at the LC of the CASLM An
i nportant advantage of the frame structure is to
enabl e a nore precise response fromthe wite valv
[0053] gi veln rAns ©ABIM #g vpltagss agrosshihee pbelorasepirligyd P%(?@:‘ assembly

t 8 \L3kM Efrarhbe Wﬂé‘ne Bitakd/ lﬁbity tregkesal occurs, the
reversesd{;olélhtg g‘fol?ra%rre\gnlgtructur ef?} d no (\el ués;kj e

mtegrateq,eql'@fgq ﬁgntbtgp in g}?elqulqlré;ry t's Inleu rghz&qe ea{w%))r 8 Tﬂgﬁtn% tthe previous
photo-ind)ceanaitagé @cemomemmmd ch36B Sdykne Timy, digoid mystaheoltage integration
restarts E{Bm 17.e€(§t ?rtu ée }uﬁnigcr V\(? chnfrngWog ?é Ef&ﬁ%@? by #Bi Hlegration of

ocatron an
charge inrthet pipterecepioe iviluenee ftheiefare oPniy the Hedd SFYSEA! Hayasifiogn the time they

are prod%?d L t%ﬂ reﬁdﬂ?f%ﬁ@‘?ra‘#ﬁépl\/%ﬁagﬁspr@dgégd &8dy irttrd frshe are effectively

I's | nposed frame as seen at

Welghted:"ngtﬁ*éeah"lf’a?arbtk‘ﬁﬁ%P@du%%e%'fthFI‘?@dﬁf% "¥4fa bits of
the set are decoded in order to find the actual pulse
start and stop .tines e fi

n
S TN Sy T T e —
are in co’ﬂﬁLﬁ\ctmd uitatted intagratiemah tref LE wb thEuDASLM. dThﬁ frerriepgtgichfre into which

the bits %re];ré? d%@s%@ﬁgﬁerdtﬁggﬂ%ge ?rluttn% H'the @Bﬁﬁf‘l@hg%tb@ﬁaﬂoﬁat the LC of

se W dt frame at bl ock
the OASIOM,, me@ortaet acivaﬁtawoééhwfaﬁrﬂe rféfrUiC%el'% tao?f@@é%? mQre precise

responsé'ff@n (jﬂe t\pl“ﬁef Vdigd RS Rs@fdndPRIl Bfles l%tslﬂéoadcﬂ&b“dp‘aﬂcélf lbyer of the
eritod Is then I nposed dacent oth rst

LCoS/wr\ygpd'p}yepe'l}heO@f.ng% tal@wp}l © AV PDTABP sk ure negéI not be used with the
bit weigtiRg By ¥epde ﬁﬁ@%&ﬁ%%@%&%&rm syabrgikticaribddiment. t he

set are nodulated into a second period at bl ock 708

simlar to that done at bl ock 704. The second pul se
[00s5] Wi dt WThpeapprdaemas the tiamehetrecidreots shawrf impemmary jas Figure 7, which
applies %reélécht g%l tl&ﬁatu@ﬁréﬁdjsf cﬂhbfch’nﬂﬁilé‘ do‘ﬁs@&ﬂ*&éaﬁréﬂﬂew a video or

frame be

in
Othe“leﬁ Chﬂitaély pEfresbgd aivplder A§ h@%g% 3 ﬂrsé PHIFP L Qﬁ*% d%FP%‘?fed in a frame
as seen B FJIRE 1 1BPELarhiBN Sokee BEitlR mﬁiﬂld@dﬁblfsdﬁlt thepet baddesoded in order to

find the iaf:{uagwla? égarf ﬁn% éi%nF%g% jn m@ﬂéf E}ul m%tEtaaleerloge(grEelected bits for the
exampld atviealvhere. 5 [P0 56¢ Noddalidted iigotdzath aftteopuilissewidth periods of a frame),

and thos% déc%géd ts & ﬁ%giuéqu ﬁ{?&j ggsﬁ (g)n fs%%i'& pe)?r?cid Sfe ‘;‘sgn@‘frame at block

er ol ng e vo ocati on of
704, Whewethelfle&itnudﬁedpﬂﬂtp@ll_qg) Ism;a@@nbm ttfh%tCLﬁI@S'rS'l pigesa period. A second
pulse~of'g E.gh ﬁnﬁ!&getda&ﬁaéé?ﬁﬁc?tﬁeoﬁrét P@8e Wtﬁ péfbd &t blegk 706, and other
w a t reshol d turn-on vol tage of that

electro-optic layer for the duration of the pul se-off

peri ods enables the LC | ayer to respond with inproved

speed as conpared to a true 13eroing of the voltage,

and al so provides a sufficient voltage swng in the LC

drive electronics for proper operation. [0057] The full

set of pixel data for that pixel location of the LCoS
i s now nodul at ed



across both pulse width periods of the frame, and
after synchronously illumnating the electrooptic
wo ag0en4xfi t he LCoS with the simlarly nodul at ePICT/U§07/013069

source, the wite light is output at block 710 to a

pi xel location of an optically responsive |ayer of a

read val ve, such as the LC of an OASLM Note that the
wite light is output as the bits are nodul ated and

the LCoS is illumnated by the |light source, so block

pixel data%ﬁscqﬁstla%gg{f{xrgg{g?%pa g{j]g é eﬁblae?c%ké pepéd %F gloZngégﬁniﬂaQtto #hat done at

ks are
block 704c OTine ekeshd fiise micihl peabe ends Wlth‘eﬂileremﬂdofdﬁﬁ feamey| §dg clear that the

periods in v]\?r%cfw %la’?ep 159-98&!5‘1;%9 Ltﬁé)}’ b@GERSS it e framE®uch &gt théérame begins with

reen pi xel that corresponds to
2 data pefiod ang gerORateR B SoRHISPT GBSt HPHES H?é”‘aﬁ'%ﬁ?‘ @@) ?“Ch periods (data

d anf GRRGE p Ehéds) Wady 188 inGbovbll fwdTRal béerillastratbe inwiétai for clarity and
period an by the %lxel data bits. The OASLM read val ve or
nOtESG'WWEwGB1spIay itself, is reversed in polarity

(r_mmentarlly turned off') between the frames as noted

abov | S| & U 2 dRE73Y R&Rhot be imposed
[0056] resp@ﬂtsaz) tnatstpé E%Fg% ‘a{ﬁnﬁ (SJSELKEWV\hl ch dllfé) ﬁ gfsh LCoS.
by zeroingsbe voltage ypahedat@etheg:wl locgkien (g tha elegkipoptic (ife) lFype the LCo

Instead, l?&{)plﬂg rthé)gol‘(?ég'ehth@retta% AdrapEo vialir jdbsidiay ashresaolditairdsn voltage of
hus t he nodul aff &ogal ue_re
[

that electm;ppwglayﬁ@fqr ,th%gurﬁgpg ef e S¢58 ﬁ'ﬁﬂ@blaﬁ?‘ ES layer to respond
with impréVdtdé fadd &Eompdied @ & mlueyzesaing enthesvaltbgeranmilsa p[qyldes a sufficient

voltage swp%u@ tt?e)Eh%NE @%c?rglpgs/ ﬁ%rtprgé%raé%ﬁ?ﬁ ngnz Int gggz r I/(re(r)m one

[0058]As detai |l ed above, the bits of each frane period
[0057] Eﬁe fH{)tsQ?Ef g&&sﬁgta' 3k ‘t’hét'ﬂlxel%@étféﬁ offheretds eB@ﬁlﬁw modulated

nmodul ated wth the sane

across boidaisomidihlpepael B Teve a%eafst%rew*CBfCHt@PS'M.'tLPWPH”%‘he electro-

optic Iayérhﬁ thcélf]@og'v&ltt&h@‘éﬁmla-lr 856d@4ed SihBveo e, das heitk Ia_:mtd:a/\sutput at block
ocks WO 2007/ 143171PCT/ US2007/ 013069 714 lﬁ'ﬂ he LC of an

710 to 2 pirs] 1GRRIONSOT AL OB FRRENSY MRV B I e PP e84 e

OASLM. exase! gt wae evrtedighatie coutputoas ythé deits prd smpdmlajedtsend the LCoS is

lllumlnate&QP;gH]e I@%sg{ﬂrcleglgcgg]ggl?%B F%Lcﬁw\t‘hbgué gbv%gg %hoﬂs 704 %9%%8 and not a

may
batch outhiult fagiee hoseulatier tvaf blgicks afe cgmpleze%\na hg)repd vajue is then read-out at
block 719:(1%&? '&85‘[{nﬁh§ly%‘é%@§hé’§raﬁté|m e Wdlé%dsd?éerﬁpifxéﬂﬁﬁt corresponds to

nmber of
that pixargaGRlreaY ihe GO oA CaNPIE B Bl SCHIR TSTPTRS S orginaly
modulate%saﬁﬁ@wﬁie %IGé“b? the ﬂ)ﬁtl ftieltdﬂ@ttﬁDS‘[heSOgtﬁle\A ceadt valve aamdicrodisplay

east i ca
itself, |s\;§e\{q§§ep trhgolgg%n@me e{ ¥) /tBrnfad (f?@up olf'éﬁ H‘TJ ﬁ‘%eg@é rto'téfad above, but
this is geWedéliy R withth thie typicalf reapanseAirne ohtitel Melof the Opﬁg 'gglch displays as

essentlaliy 8“ \)elraacﬁé[dt ?gh étl Ee\ééqne Eé)urrrﬁ;t %h@ ulQéj oﬁaﬂerhﬁ \mﬂﬁlﬁ the frame the display

e second period F g | ik
screen hols thiet voltage o ihe BECHIARER HAbE FEAGILAC g er gk pulse wi
period. fﬁ@i@ur‘%ﬁnéle‘t%ﬁé ané d%‘bl’é?séi:r@ért |smfun‘ﬁ|h8teblt<b Sary@egray scale levels

duI ted bits
but the GRBURYS ML TR TEEX AT GRPOTRLN (OF R P
significant bits. [0059] The enbodi nents of thls
nvent i r f -
0058 e yeodt eIy 2Bl BReheagt afiBrBelloR map b ke pareed nto bi
groups, @héresenoh bisrof rybihgrades enedulaiad wrilh, thersapye gulse width or illumination
' ' Ife GhbWHIbY dbshed arrows at blocks
level as %ﬁ@ﬂ?ﬁ%'ﬁ{'@ﬁ%ﬁﬁ%gf R%I%Sr%&%e not ed t zat t he
various bl ocks of the logic flow diagramof Figure 7
may represent program steps, or interconnected |ogic
circuits, blocks and functiohs, or a combination of
program steps and logic circuits, blocks and functions
for perform ng the specified tasks. [0060]C early
t hese general teachings should be interpreted to
i ncl ude reasonabl e variations on this concept,
|nclud|ng dlfferent ways of par3|ng the frane

o N a

o o - o oy e Y



WD 2007/ 143171PCT/ US2007/ 013069 CLAIMS: W claim 1.
A nmethod conprising: for a plurality of pixel
wo owatiixains of an el ectro-optic | ayer of an optPCHIUS2007/013069

wite valve and across each of a plurality of

consecutive franes: nodul ati ng a set of pixel
data bits across a first and a second pul se width

period of the frame, wherein the first and second

pul se width periods, and adjacent pulse periods of

714 and 'gfﬁq ?@g eptgﬂé} 'SU% R r\l\ﬁ’ll(ﬁ?‘letng tf;“e qﬁ I)ir ﬁQQﬁ'ng?é%%é\%rmMulﬁed in only

IS a a respons
four pulsé iwigthef(Fiduee &) @cnlmnwtqncle}/%iyéﬁg@[ﬁ hg Al 8h dﬁE?"Bﬁ’ dth respect to

! b&EHAiRL@ld/, 2 Bn8ayh fHeAdRerent bit groups
those an"&[-% ‘%H rﬁéﬁ??taarﬂ ere tnurpom eaclh of. gyt hen alsgral

it
of a smglpup@épd b @ At end S AP DYTbHENRIAUF S a TN hgfpigted into the
two diffefdht §eh6ﬁ§ Bethk! fdBe. Rs s@bﬁ} afFiduve 1ofbotH thienmbst sipmifigant bit and the

least sugrg%rxt,%ﬁéggh% 8[‘{"59;53 Igan\cvgﬁt ﬁhcﬂq&ténépgg proup of the same
pulse width gi@hoscwltlﬁmfran% Klkmfnametwait Blgutelsa3 -th 2l bihér thenfnrst period may be
more SIQFﬁgaXt tﬁ%? tarr]1§ oLt RS cgnéégﬁgf o@aﬁmdﬂéﬁé‘ bits 4y MHJMIated into a

urce conp the pi'xel data
time durgtiansof tapprarhedhat lemonatgét aerogs §ih k| the bitas PN Piough PUVRN might be

used so ﬁ'@ﬁ‘f %Bh@%o@ulafe'aeon%l @d&hb@n@é Iof tHaAYifle Andtigmidm dther less significant
bit voltage is applied illumnating the pixel |ocation
s,

with the |light source nodul ated in at | east one of
time and anplitude 4. The nmethod of claim3, wherein

t he 0. the pixel
om0 Y0t 9B B8, i g PR B Kt sorvere
executatid by brdeta ptdcessansechfagrthe bentrhliea 1bah@yn.tdi yﬁ@r@@argfqlrcwtry, or by

a combur%et‘loh%q§bftw§re Jﬂ?h%“é?@ cfPduity, aFmﬂJrer M‘iﬁ%%gﬁbrﬁhﬁshould be noted that

nprises no overlap between volta

the varidusl plogisl of 1186 Io9iFEoWb SAGER uFiguee ngaVer&prE?ePhgr ogram steps, or
interconfac®d lo81cCRtdufts,| BI¥&s: andPfundtithsTet Bedninatioaionptogram steps and logic

wherein the fir and second pul.s W|dth eri ods of
circuits, blgeks ngpgnsnfgf Pg org&%& Sé%gl[flﬁg tasks P

[0060) Clearly these general teachings should be interpreted to include reasonable
variations on this concept, including different ways of parsing the frame according to the general
concepts shown herein and of assigning bits to different partitions of the frame. Several
variations are disclosed, but that is not to imply the extent of the invention but rather a teaching
of the inventive concept to those skilled in the art. Different numbers of gray scale bits that are
modulated in a frame, different partitions of the pulse width periods within a frame, different
length pulse-off periods within a same frame, different weight levels/subgroups within a pulse
width period, and other variations are not detailed herein by specific example but still clearly
within the scope of these teachings. Although described in the context of particular
embodiments, it will be apparent to those skilled in the art that a number of modifications and
various changes to these teachings may occur. Certain modifications or changes may 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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7. The method of claim1, wherein for each frane, each
of the pixel data bits of the set are nodul ated into
wale@aenetiel positions of the first and second pubPGEUSZAT/13069
peri ods, such that: at |east two discrete positions of
the first pulse wdth period represents a first bit
wei ght; WD 2007/ 143171PCT/ US2007/ 013069 at
| east two other discrete positions of the first pulse
wi dth period represent a second bit weight |ess than
the first bit weight; at least two discrete
positions of the second pulse width period represents
Weclaima third bit weight |ess than the second bit weight;
n ) east two other discrete positions of
1. qﬂ&hogggngr'%ﬁse wi dth period represent a fourt’:n}/é}t
for a plura}etyg:fﬁplneébgamqmmftaﬁ@l@ﬁrq-gptm lay&ieaf gtopticgl wrtgeya i fcross each
Ofapluré@iiygﬂ@ngbgut,vm,earngé@ for each frame, each of the first '
and second pul se wi dth periods ar EW%I vided Jinto

magrlating @ %ﬁitoé qﬁehgaﬁep sO%cgo%? Iflrcﬁj 3 ReEd %LfIS% H/gd‘fﬁ period of the
frame, wHex€h et Sirst Sarbdataice pulsedwidtheperistdspcinaf adjagemh pylse periods of

sequentl%lﬂf%n?ﬁ e_afré) rsF%ar%Eedilf 1{5 ngteﬁ%%ee?'bg? p!ﬂé‘é gﬁ?etriomliééﬁgast equal to
a response gjrief dofdbeelebiro- qphaiayanglum&whlctjavdmﬁlatr e mafifate&dnont o
S%é%ﬁﬁi?f%?%ﬁ%w ﬁSTW REY Q\ﬁ'lt@fh hh@rcfnﬁaéﬂ%h ofl@he -Bllﬂ*allty of pixel

ereln eac rane, the set

Iocatlonsch@rdlmtcathaum@d%@iﬁﬁM@égata bé.‘ét'”ﬁ\‘ef&%"ﬁ? scale bits and

the out put vvrlte Ilght IS a nonotonic gray scal e

esponse., f clai . .

2 Thachoen RCRIT (e WRPI MRGHEIER TR IraE dRFRES RS 2PPYing
a voltageutgynthishishewlth glinitatingra kghtt soadcky responsi ve | ayer of

an oi Stical read valve and reading out the optically

responsive layer to a display screen by globally
3. Thpdatthad opclaih 2, wherdireapp!yip e voltagerin synelreais@oNs) Yuminating the
light sou']tfe PR fb‘?‘llela}% lof heVBki&1at£ BIM, I applig Roltage to a pixel location at a

o optic
backplane of the electro opt|c Iayer and while the voltage is applied illuminating the pixel

CLAIMS:

location with the light source modulated in at least one of time and amplitude.

4, The method of claim 3, wherein the voitage applied to the pixel location is adjusted to a
value below a threshold turn-on voltage of the electro-optic layer for the duration of the pulse off
periods.

5. The method of claim 1, wherein the response time comprises no overlap between

voltage fall and rise times between pulses applied to the electro-optic layer.

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 backpl ane defining pixel |ocations of the

el ectro-optic layer; a light source arranged in
w@pdao7aaii7conmuni cati on with the el ectro-optic PEyEs2007/013069

a controller coupled to a nenory and adapted to, for

each pixel |ocation and across each of a plurality of

consecutive frames, to apply a voltage in synchroni sm

with illumnating the light source so as to nodul ate a

set of pi er data bits across a fi rst and a second

per i od of fr I
2Oeadr st e ol s el M reLaTag whih dEriol reBdft o second b
weight lesd trfaeqhemtstaith@”ltes are separ at ed from one anot her

atbpéa"é’t R/\% %%cfgti: g%@fti%ﬂg of B sksorfdf phl@@%ld@ﬂﬂé\llod feplesents a third bit

respon el ectro-optic layer during which
weight len@trmnttbe @e@owﬁ;@aw&w@a angnd WO

atzlgggt/ t%@étﬂélp@géﬂé&%@g i §H36rGRe second pweenadin fdemied represent a fourth
i C | a i s adapted, separately in each
b'twe'ghfpéﬁéhart U‘f‘gﬁ'l”‘ﬁilq%ﬁe light from each of the pixel
| ocati ons-according to the nodul ated pi xel data bits

8. Th\% m%lﬁ%q 8? ﬁlam élg'gﬁ'igﬂ ef ?%taklﬁzrjagw a%% }Sf{h\éeﬁr?t]f arﬂ ﬁéc@hd pulse width

periods arel dieiged iimto yqueh doratiomdata timel namdﬁ@tqnng wm@h pngmf the pixel bits is
modulatePur ce by, for each of the pixel data bits, applying a
voltage to a pixel location at a backpl ane of the
el ectro-optic |ayer and while the voltage is applied
0. The méﬂnumd?%taemthammréualfo} e&éH Frameiebibh k! baghbit smdutated into the

ot o abbys o e Fefosee S 5 inc TP 3 AP g ot rodutted o
the second pulselvieth pesicddd pheeiiarne. adj ust t he vol t age appli ed to

the pixel location to a value below a threshol d

turn-on voltage of the electro-optic Ia¥er for the
10.  Themaethod obelaimd, phpein @rﬁas'éfr?m?sthe 983 Of PE! %ﬁb&tﬁ@mp”ses a set

of gray s¥hlkitfts\ERlaRe Sltdth Wn[@ et isd RioRbtbrid\gray 8spIe e Spdrisee
conprises no overlap between voltage fall and rise

ti mes between pul ses applied to the electro-optic
11. ﬂhé}/nﬁhéthodlﬁf cliime Qpihetaih owtphiting adrite light dlréien comprises directing the

e. thef t and nd. pul se_ W f .  th
outout Wi g A peliely ERPondiETATer i oty fp P i et reacing out tne
optically \nesmcmsml legerotfo z ldEplaylstreathby gicrlpaﬂn updaling ptwalﬁaof theg @isplay screen
Slmultanggu he pixel data bits of the set are nodulated into

tlete positions of the first and second pul se w dth
periods, such that: at | east two discrete

12. Aﬁpéﬁtkbpﬂﬁteqal\ﬁéq&rﬁbﬁs‘ﬂ -pul se width period represents a
first bit Weu%]r : at Ieast two ot her discrete
I

HREBARNIDEYE e first pul se width period represent a
aSeRpnBidefiniaiggittel lceationshafithe leectrorapticlidyermei ght ;

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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at least two discrete positions of the second pul se
wi dth period represents a third bit weight | ess than
wo b@74enond bit wei ght; and at | east tweCDUREN7/013069

di screte positions of the second pul se wi dth period
represent a fourth bit weight less than the third bit

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

wherein for each frame, each of the first and second

pul se vvi dth periods are divided into equal duration

dat a eriods durin th [ it ;
o35 BB 8 A BBl Bt r 8 vt v
light fromTéHi:hO:pfmhe: akewmtatmnsacaerdofg tolte¢ motiplatevhpixel dats bits bpibR frame.

frame, each pixel data bit nodulated into the first

pul se width period represents a nore significant bit
13, Thhanticatyrits xalve @aciairpile, woersinmthecontelerinadaeiesia by the votage

in synchr%HIs?@ \A)%qﬁlnmﬂ@ﬁhg?%@ﬁgﬂt@%ufdea@&e for 8&kh Ehmeomemdta bits, applying a

te valve o aim
voltage 198 Aol JRSRP™ 12 DBPRIANo i 1% BECO0BRE dpveg AT whlf Sre votage is
applied tOillupnidatd thé pixeLibpationvwitit thel lighhsourse anauviesedm @t lgzsipne of time and
arnplltudscal e response. 21. The optical wite valve of claim

%2, further conprising an optically responsive |ayer

of an optical read valve in optical conmunication wth

14. TBQ% ﬁb%%&e lk/é %f El'agﬂhsaﬂﬁer@wﬂﬂh%moﬁtfoﬁsé‘rl“@aa B it@adjjhs't the voltage
tical %qlres ponsi ve

applied tg| tbgapq(gj Igfﬁj@petop@ walug O‘P’I’?éﬂaﬁgﬂﬂkéﬁu C‘?rbéﬂ %e of tthe electro-optic
layer for HeMhrbBdeotBk pulselatf pdrigsenput er program enbodi ed on a

menory and readabl e by a conputer for performng
15. The optical write valve of claim 12, wherein the response time comprises no overlap
between voltage fall and rise times bétween pulses applied to the electro-optic layer.

16. The optical write valve of claim 12, wherein the first and second pulse width periods of

the frame are not of equal length.

17. The optical write valve of claim 12, 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;

at least two other discrete positions of the first pulse width period represent a second bit
weight less than the first bit weight;

at least two discrete positions of the second pulse width period represents a third bit
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.
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actions directed to outputting wite light, the

actions conprising, for a plurality of pixel |ocations
w@booan4dalect ro-optic |ayer of an optical witeP@BRUSE07/013069

and across each of a plurality of consecutive franes:

nodul ating a set of pixel data bits across a first and

a second pulse wdth period of the frane, wherein the

first and second pul se wi dth periods, and adjacent

pul se periods of sequential franes, are separated from

o, T.g%f%%gg.t ke Ev%bv%n§ﬁ'°?%?@3% RS #obaéaahsfrarne' “&ith pixel data bit

e electro-o
modulatedUnionge iinstojulswowhith pedod repreldnis gdnorgmjng cant blt t%/an any pixel data

bit modulgfee%q tﬁ%&%e&g?c??&% erl&HJBPMEtﬂ‘a‘?ﬁb wite light from

ach of pi xel 1 ocations according to
the nodul at ed pi xel data bits in the franme. 23. The

20. T@%{&ﬂ%ﬁrwﬁé%lmpleaﬁﬁ ai2Mwhdreimiier 8hdh frahel alié Bgt bhpixel data bits

compriscacyscebrscacs W e AR 1T ¥ BB BaO LGl esponse.
conmputer program O cl a| m 23, wherein applying the

21, Y bR o YO BT ekl ot LOHEMIAG BeatPbinsive over of an

optical rempk/alwegn a:ptlolat egremioicatipn xeéth 1hgcgu_tp@tnwate agma«’m@blaa(ﬁémay screen

optically % Fllaﬁ t% 9@% r%s;l)cﬂ%ﬁf Ber %bb@dtﬁeg%@bﬂﬁ%dbt‘é ﬁlxels of the

ed| i xel location with the
display Ssr@@r\@@nwﬁnﬂ%ﬁ@d in at Ieast one of tine and

anplitude. WO 2007/143171PCT/ US2007/ 013069 25. The
C ut er

o A ol LRy SR bl § ey or peromin
actions dmebtw ta dutpwsim hdte light- the actibbagempfisingiefoe b aduratity g ixs! locations
of an elefﬁré ocotICCf%HerQ)? a%u Eﬁ c'apw];l%f Ye‘il\b@ ggla%\%ngféaoﬂeéf'apgﬁlrahtyz@f consecutive

pr ogram o erein the response
frames: time conprises no overlap between voltage fall and

rrfdd%?atnhb'ga§ettl§tdf‘f‘e¢ RaRUbikeScradPhiest 4 4 B@ccﬁldeﬁllilé@vﬁmhlpénod of the
ayer mof claim2

t er ro g
frame, wiissein thet Tiesh oAb 6 WRIDHP o R, AOPREN PHipE periods of
sequentidl Parfigs, e sepslted Wﬁtdme 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
separately in each frame, outputting write light from each of the plurality of pixel

locations according to the modulated pixel data bits in the frame.

23. The computer program of claim 22, wherein modulating the set of pixel data bits
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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28. The conputer program of claim 22, wherein for each

frame, each of the pixel data bits of the set are
wore@aliatied i nto di screte positions of the firspPCENS2007/013069

second pul se wi dth periods, such that: at | east

two discrete 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

25, TE‘E&%HEP“&H %rggwnatoh I@érpls%,d W\r"\%ﬁ n% Cre & o%ﬂ);glfggntﬁ tﬂe pﬁi&?location is
adjustedueiagiatue esisw tahtareshble! tsgeomuoltsige Memeg hlectrapatic layer for thg duration of

ot her discrete positions of the second pul se
the pUIS%MS@?%“%aeg?l od represent a fourth bit weight |ess than
the third bit weight. 29. The conputer program of

26. ThedldMmder PRRFSHoff Qaineas hwﬁér%m?thee%boﬁie tife éd)rhﬁlﬁses no overlap
and second pul se wi dth periods are %ﬂ E? nto. e
betweengtag () Ansiiee imes BB EU{Fr PRY! oche Sistgrof 2
p: xel bits is nodul ated. 30. The conputer program of
aim?2 erein f c
27. T&Fﬁcﬁﬂ"ﬁf”ﬁ%{' progran I% % P& ,gvh Fe%e r%?gng'sé(ge gélggg}ncﬁth periods of

the frama anonet cfiegnaflecgit bit t han any p| er data bit
nmodul ated into the second pul se width period of the

frame. 31. The conputer program of claim22, &
28. ThercogputerfRrrggram ph@algé?2 d,f/hejegaépr RFLTHTESS ?ﬁg\\fg} ‘;g pieldata bits of
the set &BIm&duISLaYnDCabeeld bSsitdhd dfftBe Gttt pud swdohe duisghwidits pariods, such
that: nmonot oni ¢ gray scal e response. 32. The conputer
al. program of claim 22, wherein outputting wite |ight
a‘t Wweshivo disorptd sesitialisraidhe figt pliee vidth weriod represenghie firg bit weight'

RPN B AT Rt socon

weight Ie;a@tth@rathwﬂrsfetsbwwgh% | ayer to a display screen by
A1100alvvy di'w@fé PSsifbrsebstnal sdddRd Huiddl At PePBa represents a third bit

si mul t aneousl
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.

29. The computer program of claim 22, 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.

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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reading out the optically responsive layer to a display screen by globally updating pixels of the

display screen simuitaneously.
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