;e3eC kCffg4hFij 6] T khs@P PDNO 200206571 5 MULTI PLE-BI T STORAGE ELEMENT
FOR Bl NARY OPTI CAL DI SPLAY ELEMENT BACKGROUND Projectors are generally
devices that integrate |ight sources, optics systems, electronics, and

di spl ays f@@ﬁdwy@mmggnrear-prOJectlng i mges from 10 conputers or video
devices. Typical projectors include spatial |ight nodulators (SLMs) to
nodul ate |ight spatially, so that inmages are projected onto screens for
viewing. Light is transmtted to an SLM which processes the |ight so that
the desired imge pixel is projected onto a screen. SLMs may be reflective
in nature. Light is reflected off an SLM which nodifies the light in
accordance with 15 the inmage to be projected onto the screen. The
archetypi cal exanple of this type of SLMis the digital mcromrror device
(DVD), which is a kind of mcro el ectronechani cal (MEM device. Projectors
using DVD s project bright inmages, because the |ight does not have to
transmt through the reflective SLMs. In general, a projector refreshes
its pixels with new data based on a 20 refresh rate, or in every display
period of 1 DVD s, homever, are refresh rate binary optical display

el ements, nmeaning that th e{ either reflect lliééat or _do not reflect |ight,
and thud® are not r ecept i MELTPLE-RUE] STGRMGEFE N hs greater than one

bit. For a DVD to project BNARXEPTHGAL BUSBRAY RLEMENY val ue of nore than
one bit in color depth, the display period is usually divided into a nunber
of intervals, display period 25 with each interval usually equal to or |ess
than 2 color depthinbits _ 1 . | nBA&KCRAUBID/al the DVMD is | oaded with one
of the bits of the intensity value of the pixel, so that it reflects |ight
or does not ref Ipegjbctorsdre genemuyaeataés:mawntégratbinghbédurc@obtudsit is HP

PDNO 200206571 | oaded into th u S based

si gni fi canc?é(sﬁe&saf’fé\?go?'ﬁs’taﬁ’é’ @?H% faf {;%“ of' "teﬁépfﬂjé}g'f‘gém?%%fcﬁ)@?t y val ue. The
proj ect1or tddeipRitets @r ided @@lnbys r gypies pesietosin@lidé at@Migrt nddalatorsnt er val  of
every displ aﬁMperl od., Each of these intervals is usuaché speC|f| d as no

greater 5 t(REN'S) %HIOG’P@é?)thtﬁB?tﬂ%'yFﬁﬁthét Inages are Praeaiehantq scess ‘Efept h of
ei ght refregdwihg! Bight sdrandithidtd aWSLI\ﬁ WIRER Eﬁi&e%’ﬂsﬁh?il?l&@@tﬁaﬂﬂét z (Hz),

this neans that theé projector ref reshes eac erval s no | onger
than about dgisiteq imageepinelds pErieatertiantp @sycreenovldd emaykmtafisriveny al | the

DVD

pr oj Zc!t(r)]rg1 Hv%‘aﬁ&ﬁeg g(Ias| Hrégéé(}f;ﬁ? ﬁ%ﬁs@' ;ngaﬂ?tgﬁorgg%%g%?@hg{rgé&%%ﬁ%m RY OF THE
| NVENTITON Ahe dpadectel bedprojsicted anite thenscresn. ofie @nbeiuplnélrﬁ_zxamplq pithistyRant i on
conpri ses aof@Lsthé’B{ggs%cfdrﬁ%ﬁxe\géa CO% ek sHifd B |cPdt storage

el ement to store a en5|ty val ue to be
di spl ayed Igfecttomeshaaicg! (MM cdeviasi. Spybjegtoss usieg DMIYs ipreject baigbpimageper i od.
Each bit i 50(3'(;83 3 efl{gﬂ%éé]senowla% Pol Eélps'n%it through the reflective SLM’s.

In general, a projector refreshes its pixels with new data based on a

1
2 fresh rate, ori displ iod of ——— . DMD'’s, however, are
0 refresh rate, or in every display period o e m——

binary optical display elements, meaning that they either reflect light, or do not

reflect light, and thus are not receptive to pixels having color depths greater than
one bit. For a DMD to project a pixel having an intensity value of more than one
bit in color depth, the display period is usually divided into a number of intervals,

display period

ycolor dephinits _{ In each interval

25 with each interval usually equal to or less than

the DMD is loaded with one of the bits of the intensity value of the pixel, so that it

reflects light or does not reflect light in accordance with this bit. Each bit is



15 storage elenent into the binary optical display elenent one or nore
times during the display period to achieve the color intensity value. BRI EF
DESCRI PTI ON OF THE DRAW NGS The drawi ngs referenced herein forma part of

t he speci f igpatpgNT200b®87Ur es shown in the drawing are neant as illustrative
of only sone enbodi nents of the 20 invention, and not of all enbodi nents of
the invention, unless otherwise explicitly indicated, and inplications to
the contrary are otherwi se not to be nade. FIGs. 1A and 1 B are diagrans of
di fferent approaches for loading the bits of a color intensity value of an

i mage pi xelloadddin® thémnw aGfumbialof tinep basedbe e significaideretatide tpihay peri od
to display the imge pixe I n accordance wth which 25 enbodi nents of the
i nvent i on rRierdits; eeﬁé?hséﬂte“ﬁ'fyda% is a diagram of an optical display

el ement, accor d’TEE tp?@]eé}Br ﬁﬂeﬁﬂbal@freﬁ%és@é%ﬁtdf 8 DMﬁ @ev@ry'lﬁteﬁ/aﬁl agram

of the rrultlple torag he optical display element of FIG
2, accordi rj everyadsmwb@mqﬁerﬁacbfofﬁh@euméﬁis lgnlsua"y spepifiphRON2EIeHe571 FI G
4 is a diagramof the nultiple-bit storage el ement of FIG 3, according to

anot her Senttbati n?m—e#—(wm@p—qg Fet @prajedter havifigaa celor depth pEeight
mul tiple-bit stereRjEal nt of FI'G 3, according to still another
embodi ment bé?[% dnd& r‘eﬂ\égm’étggf s&tyFﬂeﬁz (ﬁz) $hig nfelah§ tdt tl‘ilal ﬁf%j’é&fﬂr%fr@slﬁbt storage

cell, accor to an enbodi nent i nventi on. is a flowhart of
a met hod f(ﬁacb Mg aérnt@yalrsmlIomemlnayatzméwtwfwamcr@egom t4g)l e-bit storage

el enent ording t n_epho t. of the invention and 8B
are di agraﬁgo‘%?veé @6‘?'86"86%‘:)@1@&%9@%% IS Q@eg?roqqngef%ff&p[ff er ent
enbodi ment sespecibifefor prgedtbrewithFhfge r@scbl&tldhsd!rﬁgf@'meﬁfesﬁ rgtespl ay devi ce,
according to an enbodi nent of the invention. FIG 10 is a flowhart of a

met hod to at | east partiall pl ay device of FIG 9,
accord|1r99 to an enbodi nent Wék}cbgﬂﬁ%ﬂ&%‘mED DESCRI PTI ON OF THE
DRAWNGS In the followi ng detail ed description of exenplary enbodi nents of
the invention, Asfepticakdisplay eiatment of anecerakedimpalsfithe inyealRMepMRII®Es form a

part hereof, biﬂal@ dpticftiSHlay SleHRAVGRPY niftipI&bit storaid EiBMeRfto™R&RId | C

exenpl ary
number of bits of a color intensity value to be displayed by the binary optical

display element during a display period. Each bit is loaded from the multiple-bit
15 storage element into the binary optical display element one or more times during

the display period to achieve the color intensity value.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings referenced herein form a part of the specification. Features

shown in the drawing are meant as illustrative of only some embodiments of the
20 invention, and not of all embodiments of the invention, unless otherwise explicitly
indicated, and implications to the contrary are otherwise not to be made.

FIGs. 1A and 1B are diagrams of different approaches for loading the bits
of a color intensity value of an image pixel into a binary optical display element
within a display period to display the image pixel, in accordance with which

25 embodiments of the invention may be implemented.

FIG. 2 is a diagram of an optical display element, according to an
embodiment of the invention.

FIG. 3 is a diagram of the multiple-bit storage element of the optical
display element of FIG. 2, according to an embodiment of the invention.



20 enbodi nents in which the invention may be practiced. These enbodi nents
are described in sufficient detail to enable those skilled in the art to
practice the invention. O her enbodinents nmay be utilized and | ogical,
mechani cal ,ypBshPidagdssghanges may be made wi t hout departing fromthe spirit
or scope of the present invention. The follow ng detail ed description is,
therefore, not to be taken in a 25 limting sense, and the scope of the
present invention is defined only by the appended clainms. Overview FIGs. 1A
and 1 B show different approaches 100 and 150, respectively, for |oading
the bits of a c@i@r4 is giagiany oMak wsuliple-di storageeleiment of FIG 3padtonding opt i cal
30 display elenent within a display period 102 to display the imge pixel,
in3 HP HOROPPEDEMESHMent ebthgdmeationt h whi ch enbodi ments of the invention

may be i npl emenirgd. 5 e didh 6Vth€%dlﬁt§ie-iaﬁ%tdrég@él@ﬁﬁhﬁbﬂ mcief hewrding 1

where the refresh rate isrefresh rate the retfresh rate at which the
proj ect i on teptll anstherembedimgatef theinveptielry opti cal displ ay el enent

refreshgs the Digf@ryisaphidilaidtical s o G078k cell cbidhfy @anper i od S 102 15

further divided into a nunber of intervals ere eachh interval is
pr ef er abl y embulimgntafthethvestion. t han or equal to 2~lordepthinbits _ 1. The

col or depth i n' Bids ROPRLI e SSnBHBRTE: Ringlid SicabisolpdRmat orayscal e

that the inage pi xeT can vplave, y val ue t hereof
can range fhavingzemuitiple-bitistoragiecdlemertp acdanding $o an @mbBditzant of thee opt i cal

di spl ay el erreetrgl\&. IS binary, at any given tinme it can 10 have one bit | oaded
therein. THRYEY¥8Pe, to achieve renderi ng of pixels having grayscal e shades,
each bifo of the FIGs.BA and 8B3iIré iagaimeofad calomoptiehl displayeldawnt,nt o t he bi nary

optical display.elengnt one or nore tines ased on the bit's significance
relative tcé)cfﬂ "&tﬁ@#%??tse%l?oq"ﬂgmﬁi%%me 'QV‘E'gPBr intensity value. In one
enbodi ment, whelRGt iy Hiliagraph of AaispRY Aevics Kiesiding waarlembbditient pftkel are

specified gnd ordered 15 as i=n-1, i=n-2, i=n-3, . . ., i=0, fromthe nost
si gni fi cant™#N%0o the | east significant bit, each bit is |oaded into the

bi nary optical ¢igpicis £AGTEHAH of a héthBE t¢iaf 1ba& paltfallfinfarutactirethe@d 102. More
particul arl ﬁ in one enbodi nent, each bit is |oaded into the binary optical

di spl ay!%el y devige of e Byagoording tonen embpdimenpetthednveption.such an approach
to achieving grayscale utilizing a binary optical display 20 elenent is

referred to as binary-perahegsppecrRiPMON DFMREIDRAWINGS! G 1 A
specifically shows a standard binary-weighted bit display distribution

SPProach 10 o ¥ HRe R Bt o Srofn & BT S lccbu bty [y ond,”r' e
are | oaded invértiohvefdrenay ig nogiiel todhe decophpanyiplgeirawings thiat fgrnt apadi spl ay
per od 192 |ohed 464 St KRB S il P hysiton St RO mg o 51 L1 o
el ement2pdurdrmigodimentdiis Whith the investidd@ay Bepradicede These embodiments are

described in sufficient detail to enable those skilled in the art to practice the

invention. Other embodiments may be utilized and logical, mechanical, and other

changes may be made without departing from the spirit or scope of the present

invention. The following detailed description is, therefore, not to be taken in a

25 limiting sense, and the scope of the present invention is defined only by the

appended claims.

Overview

FiGs. 1A and 1B show different approaches 100 and 150, respectively, for
loading the bits of a color intensity value of an image pixel into a binary optical
30 display element within a display period 102 to display the image pixel, in



di splay period 102, bits O through 7 are |oaded into the binary optical

di splay elenent 2,2', 22,23, 24, 25, 26,and2' tines, respectively. Mre
specifically, in FIG 1A the display period 102 can have 255 intervals 30
di vi ded i ntyp poNG fRPoesiH- peri ods of sixteen consecutive such intervals
each, and 4 HP PDNO 200206571 one sub-period of fifteen consecutive such
intervals. In the sub-period 104, which is the sub-period having fifteen
consecutive intervals, bit 0 is |loaded in the first interval for a total of
one time, bit 1 is loaded in the second and third intervals for a total of
two tines, decbrdante withadhich émbodimehtsloftie nkemtioprmaybe ieplementederThel s for 5
a total of four tines, and bit 3 is | oaded |q the eighth through fifteenth
intervals f I the sub- re@¢helRffresRirdteds | S

| oaded i nt od?gsp%%‘g{rldagoar?slg?ﬁfl&tvagty:dn?@?(\j/ablgsrefreshmteen?ﬁm%e&b periods 108, bit
5is loaded into thirty-two consecutive |nt

sub- per i odéhq![eresblr?te@tlv‘ﬂ"cﬂb@&@dolﬁﬁt%‘ %ﬁmﬁﬁbwl@ﬁ%m‘?ﬁ@m'ﬁ? er va:J;.
Finally, iy @Ibﬁ'n'é'ht %ﬁ@sﬁé‘ﬂh@ﬁné}gptléﬁl Blséla%%le?ﬁ)eﬂtoqﬁé@lddﬁ)ﬂbe*%a

consecutive intervals. onpari son, specifically shows

bi t - spl .&tlmlafwa\eydMegnnf@@ mmb%no;mtwala. wheretﬁﬁ%weafabwcpaeﬁr%\o of
bi nary-wei ght ed pul se-w dtfs gl on, also for an exanple eight-bit pixel
havi ng bi t dess than onghudl to i The colaedenth & bitg spaciesitke di spl ay
period 102, each of the e signiflcant bits 4 through 7 is 15 loaded into

the binary mipiberf differdni @Ma@ésearf&ﬁéyg:calewnatyth@gnagdopmardandmvefsuschxhaen
consecutive intervals each, in the order depicted in FIG 1 B Bit 4is

| oaded i n cneoletiotensitibvalee theteafSae range: framizerq theaush 27 546" no- consecut i ve

WO
such subper 00 o520, 860 5l ol UG @bt cRYfApBIFLL Ve uch
non- corfdectdveenehitioadedsthibraier Thefefors 1@ achisperendsrny ofigizels hawng, 152K,
Il‘:’]tzoM . ﬁgdbqu?g% als S ca% %Jbﬂ 4Ite0§5fh bc%'l' P{e(h@iw vgb%ﬁfgpfng@w& nl:t? Ii)@aded

enent I1n-a su teen
consecut i vd)maw@puealsuspbwtéiement anel aravere tmasebasadomtneda@e@lgmlﬁwame bit 2

| oaded f ' b t. 3 d ht f FIG 1
on0eS ot L ot R e SRR, 1.
because eﬁqu@é éhéabnté)oﬁthe@falot {merwﬁywaluelmf ﬂmp];nxel arﬁbpfcnf:ﬁdl andpordetedi s not
necessa oaded | secutive intervals.

i nt erva{ %/‘?%‘F”ﬂhé r"og’t' ng to b Ir FB’QH@%W%& 899' ’Bibﬁé?g‘eg‘s?%équéﬁaﬂn ay

d t 0 of FIG
1B Gt fer ?'?Féf‘f?ﬁ"ss‘e(?@?"o'ﬁgﬂh%"wf°ﬁm' bRy Hinort 10 (RIS ARRO 1S ed 1 1

consecut i vedispiayperigds14Z% rMerecpasticulasiyain m@febowmenmeémaltss lpaggd into i s to be
|05, "% Bl Bt BB ML 2L MM oMl ol Bt 20 2 P o
artifacts from [gichganipppdachetd abkieving ghaysaalp utifizing albirtary optical display
20 element is referred to as binary-weighted pulse-width modulation. FIG. 1A
specifically shows a standard binary-weighted bit display distribution approach
100 of such modulation, for an example eight-bit pixel having bits 0 through 7.
The approach 100 depicts the order in which bits 0 through 7 are loaded into the
binary optical display element during the display period 102 in a weighted
25 manner. That is, the longer the line for a given bit, the more times it is loaded
into the binary optical display element during the display period 102. During the
display period 102, bits 0 through 7 are loaded into the binary optical display
element 2°,2',2%,2% 24 2° 2% and 2’ times, respectively.
More specifically, in FIG. 1A the display period 102 can have 255 intervals
30 divided into fifteen sub-periods of sixteen consecutive such intervals each, and



HP PDNO 200206571 di spl ay devi ce when switching between different pixels
over consecutive display periods. As has been described for an eight-bit
color depth, a projection systemutilizing binary optical display el enents
has t o | oadiparONd 2002ds671€ach binary optical 5 display el enent for each of
255 intervals of each display period. To achieve a sixty hertz refresh
rate, this nmeans that the projection systemloads a bit into each binary
optical display elenent every 1 x 106 - 65us . To achieve an 60 x 255
eighty-five hertz refresh rate, the projection systemloads a bit into each
bi nary opt iopalsubipapibaf ftesrectnsemeive siick int@als. 46the subJperindcid&d, becone

500) . XGh (RIS I 88 PR EhoenseBPeR o PG n G B 503 MBF o ¢ han
750, 000,  offirdtPitBrvaPlox 8ltstal éﬂﬂwe"mﬁé %ltela@flbélie&ﬁh tH@@o@ﬁd%nH iRy iBteevals
correspondi ng bi nar M&n' cal display el tical display el enment

havi ng nul ferA tetaijof a8edite? b?r’r%?ﬁedl'B ﬂFﬂ @U“Q t@ﬁﬂ% tr@r’ﬁ%(ﬁﬂl"@,‘ﬁ'["aﬁl '8hl ay

el ement 520Q, topff eproqr fisleb %r@rb.@mqsamh tod eﬂghﬂ‘n thm@ntﬂﬂeemhwmba)ausrfe} i eves a
projection systemfromhaving to load a bit into bi nary optical display

el ement 202 total ef/eight imeser pdhe étﬂb-eemqﬂ‘aﬁ B4 Iqasiﬁﬂdwo shiRebpt i cal di spl ay
el enent 2OQ:thé‘c!dﬁdéﬁ\térk}ﬁlsb'lﬁ‘ﬂfe)ﬁwgguh?@no éﬁgﬁi Bt 53isq8§°détd k@2 dwd

mul tiple-bit storage el enent tic di spl ay el ement 200 may be 20
an i nt egr atcetsegutiveinteryals) wh@neaarrbthhé@urtswp@e@pdené@tbltﬁns(iow ipto

el ectr orrecg% rcgﬁéléqﬁﬁ\(ei\)ékﬁerv%’s NEANY RA hﬁeaélgﬂ'sﬁg p@ﬁoﬁ% §4B it 7ZR2 may be a

m cro- el ect ani ca Vi C€,”’'suc Ital mcromrror device
(DVD), 106r doaxteddntot \2Beconbeduitivalintevplsi cal di spl ay eI enent. The bi nary

optical di | ay el enent. 202 j nar.y i.n 5tht'. n. That
oD oA PurY B SR Fib 18 sRfHcA siys Bl SpliwiRg BrifufBigied o s
such, it l&autld%m)emtiribuiudmanﬁbdm 180 ofi bipdraweighted palse-widthinngdutationy

i nt ensi ty

v one- enen 2 dis Ia s xels
navi ng ol 159 T EnerepPBA &W&X%ﬁ?@nfeﬁﬂﬁmugﬁ TR 3R S 25 Sl ayi ng
each bit ofintarva® ifthé aTsplaylproMbmeeafcﬁroffHe meRsSdigrifican® bitd lnmrbuglevml s into
whi ch the di spl ay period can HP PDNO 2002065 1 be divided, based on the

si gni f il®andea mqéhﬁptnanémamwse'ay elegent Keyaryng subrperipgs %%P@Pe% col or

i ntensity ‘b%hb'é‘cutu@é Hi@r%al%%%'&h%%ﬁé bM‘éF’d%ﬂ@tﬁdWHG PiEe- it 4 |§|baaé><9m el ement
204 has a number of bit storage 6M cor r espondi ng

to the numse syeh ﬁub@ea@d flf2E gmil Ris Ipadeskia itwg ngn-gansasutiye w@ glbxel to be
di spl ayed %%gw@@maﬁa 18D |sqbafo@d6}ﬁ 16 3R RongEetivd Biictt Qhidperigsenst Ly

val ue has Its, suc I xel ng this value has a it color

depth and i1526ap52Bela, haﬁi"lﬁ%f‘laﬁﬂd kihéisdpaded inieight nentcopspative audhsi t y
val ues ghale, Qld830985 o] HESE SfioYPGabE FbRfIShy 1hoBR! Bl G1UAAST LY

val ue of zero '‘corresponds e mnl’'nmum’'s ereas a or intensity
val ue of 2"esslsigriificamt bﬂsﬁcﬂnrdsghals hadahmmmmmmyleptldéhdlspta@fr@gnemwI s 206A,

206B, . r ldective eferr The cel |
206A cor r e biaReM TH4ES G CAfsahie Bl i s O [aeef o AL o1 o
i nt e_nfs! ty \l@dll)qw twﬁdas]?bnﬁ!ld)ad&ﬁ‘l Burctimés; spamit3 Ibadéd;agmemnésih froml Sggt
significant bit of _tni . SO . suc fhe ce
corresponds to tThg aﬁBW%i%ﬁi#ﬁ%ﬁ@'ﬁﬁb'ﬁfqm&g %H?é%ﬁﬁ!& b'Ea%"r’%P“ﬁem ensity
15 val luasd Putserwidth mbdulbtidon Bé@ruageﬁelh eﬂmmbltEMtHeScmumbasithludﬁddgl naL y .
optical dis enen siich that any one ts stored by the bit
oPorage ool ot SERES e N daats nicoase e i gs St B Uit of mrent
5\2_2, hashi ndm@wawthbythblfm ib | tolﬂﬁe Rﬁaeg gﬂgg?‘mnay dphealmsp]aepdem \ishih em Iof .

ich the gptica 1 el epent is a aveto oad a
bit into tH Hlsﬁl%y eﬂﬁgqlbgd Injihisovay, the @Wﬁ?cﬁﬁa&&nagﬁ%ﬁ oM EPval of
every di splapprahi 1@ of RaGhek, wﬁehseaer%ﬂst|b9dbosmsfoﬂ€éélﬂieéwa4vbls%ﬂqhbs of the
color intensity value of a pixel into the bit storage cells 206 of the

mul ti pl3- b.tﬂtabﬂwnagreofémtemﬂthebhlsde rbﬁrhfgad&dgm@éhe HI"§B1 epficakqisRlay The

appr opr i at e4ede vidthirt ﬁﬁ%ﬁsdw Sericy 10 nrHeOélfjé‘;ﬁltﬂ tébpw&hbfsm%ay et i cal
di splay 25 el enent 202 during every interval o ay period fromthe
mul ti pl e- bigmployed to reduce visible artifacts from being dlsplayed by the |nary optical



storage elenment. As a result, rather than having to refresh the binary
optical display elenment 202 with a bit of inmage data every interval of 1"
seconds, the refresh rate X ( 2 -1 ) projection systemonly has to refresh
t he nmul ti plyg-pgHNo sosdegge el ement 204 with N 30 bits of image data every

di splay period of ' seconds. This reduces the refresh rate 7 HP PDNO
200206571 | oadi ng obligation of the projection systemby a factor of 2N
and thus reduces the burden placed on the projection systemin having to
refresh the binary optical display el enent 202. That is, the projection
syst em | oadfispiacevide When BlvitdHirg BétwiesR differtstt dixel over bonsacutiveptiisplayt st or age
el ement 204 once for a given display 5 period, as opposed to |oading the N
bits of imR§EOCERta into the binary optical display element a total of 2" -1
times. The proj aGlHaRhed) HeSERBEof Y SighEHIt BY6r deR Pr“oﬁafc!tigﬁ B¥§taﬁxes and/ or
greater display resolutions. FIG 3 shows the nultiple-bit storage el enent
204 in nor altiizhabinaryeptivetidisplay elementsrbasiioead a bit intaeach binary epficalrhe bi t

st or age cel |. j p#% i r HidleSsl by the
lines 3 2A,d|%)d%&9e_ﬁ{eﬁt ﬁopggwa a'twalngﬂé ?L@eéﬁﬁ:hﬁﬁlﬁg etrﬁ)?t' oﬁaég\ée celeij?j 206A can
out put it s diity hedz refteshirate, thicmeansthat theqrajgetianesyistero BRds Adit intP cat ed by
the Iine 302A, and so on, and the |ast bi 1%'%orage cell 206M can output its
bit to Ioactearche:iriairyabtiédlHisptagremﬁem@vbrymfﬁfé,—agesmﬁ.cm achibye ame | i ne 302M
The last bit storage cell 206M can also 6%xgd®% its bit to load into the 15
bi nary opti G , Landi -bi t her nor e,
the first bGTﬁ@ktg?i gé @é?g@h‘%ﬂ?@%&h@jﬁb@%ﬁé@%ﬁ %er{/?qugptg Paot#d IQ{%co orb":':n ensity

val ue of a pixel, as indicated byxtbe |ine 304, The bit storage cells 206
can be | oadeiica)displayelepient eysry Ef‘@nt’%n%"‘ﬁﬁ%%@"@fb‘ﬁd 81€ of i mage
data in one enbodi ment of the invention as follows. The 20 first, nost

si gni f i tantorbihe prdjection system, éspecially foy SYEAKB0D x 6003 FEAJ1024 x Ré8)dat a | i ne

304 to belquﬁa i tk i.t.st | e ; nost
signifi cant®Bi t'gla‘#rrl%%jelugcgog]s(?{ra&fnﬁtgrlSl yﬁ‘\?’é+ Hég?éotqgebhog@gg% exgﬁbg)rélh? he data

| i ne 304 t owhereleash@ikel hasomblesthiah tone tcorragmondiid bikdrg Aptiedi aisplayhe first bit
that is al réadfy_‘1 tstored inthe bit storage cell 206A is output onto the line
302A for | &gl B'i nto the bit storage cell 25 206B. This process is
repeated for each of the remaining N bits of the color intensity val ue.
Each time, Opticabdisplay@ieerntihaeiagmuifiplebit skorbgeselemege cel | s 206 except the

| ast bit storage cell 206Mis output for loading into the next successive

of the fyt storggg Qghbﬁs %ﬁgpgééfﬂﬂtpf erh& 29 taééo%iﬁé'éd 8n bR®oBimentt Or age

cell| 206A is 30 noved to the bit storage cell 206B, and so on, and the new
bit is asseofiteelinyantion wiichoreli¢ves sgprojection sysiemigm having tedoad a bittitpage cel |

206A. After I j f i the bit
st orage ceIﬁhé%,ba%%E{SBI,a?.eleﬁﬁmggﬁ%%%ﬁe&g@ﬁi@w bm N1 of
t he bits of Théeptial displayetensnt 200 iddusestha bioapyioptical display\elemest 20dred i n
the bit storage cells re ot n DI 206 as
needed duri %%ﬁ}alg-ﬁﬁg&)\; e%lg%gﬁ%?’g?f %)et\{clggﬂgblé%a{eﬁgetw?ﬂgﬁgyzsiop?propri ate
bit is 20 oradlinkagrated drctit §Chroraacthet type @6dleainohic ahgot elentromettanidahe 208 f or
| oadi ng i ntﬁg)%t he binary optical display element 202. For exanple, if the

bit stored $H'%he bit storage cell 206B is to be | oaded into the binary
optical display FHectimary opfidal displayelemgntv202 may be aahicaf-eletieordechanical peri od,

the bit st ofigh) 889 Sughes 3 BEF i amyes 8 ieE (ONBSeontS e I i or e 1
the bit stobings optichl déHia elbmeatiCThe bihartyi opticaltdiepldy ¢lemient 202 isyiremg im of t he
bi t st Oﬁ? geth(é‘{a Jt Icgn %g %n%)ﬁ%?fptrh];f) |rs |It an Péfl%ct or transmit light, or not reflect or

transmit light. As such, it is inherently incapable of displaying pixels having color

intensity values of one-bit in length. The element 202 displays pixels having color

intensity values of more than one-bit in length by displaying each bit of a color

intensity value for at least one of the intervals into which the display period can



storage cell 206Mis noved to the next successive of the bit storage cells
206. The bit stored by the bit storage cell 206Mis noved to the first bit
storage cell 206A, so that no bits are lost in the rotation. 15 FIG 4
shows the mdpaoNg ®obdes7st or age el enent 204 in even nore detail, according
to anot her enbodi nent of the invention. The nmultiple-bit storage el enent
204 includes a control cell 402 having input |ines 404A and 404B that are
sel ected by assertion of the select |ines 406A and 406B, respectively. The
i nput lines 404A and 404B are connected to the Iine 302M and the data |ine
304, 20 ref’thHé@'bése%ﬂﬂﬁ@Sighiﬁeamel sfthe bit redstivéd6 theaottierbiGRofthe connect ed
to arotate line 412 and L‘ﬁa LI ng 418 §s$ect|vely Asserting the | oad
line 410 cAXxels CPWé"'B?'i‘S"é(é’@ 813 PeeLdeBedi ne 304 to be output on the
l'ine 408 for 'Oaf%rt&uhﬁléibuttsttﬂaéé bleRicht 20£haehInuRdRAof AEsterdden@ils he rotate
line 412 causes the bit output by the bit storage cell 206M on the line

302M t o be 296Apd06Bn .t.h206M gerrespngding 1o Hecnuynaperof bits ef theeolarintedsilyage cel |
206A. T I hi [ c r
Fntonsi By gueEbihe el ey 6y gty bpic bR e 2020 The.

si gni fi cantcoltnrtlntensmyhalumha&N|blts,eim§>httlyat\ﬂa¢ pixel ftavmgstéﬁt\@ﬂl%hﬁ&ﬁeNdﬁft a line

304, and the load,lin serted to o Put.th I|ne 408
for | oadi ngcoik?ttd% (ﬁlistcag? Qgga\@@ AN BBA° EI" Sifigger cg,!)mqgﬁgi YiVan5et

si gni fi cantthit dorl%%pbﬂitﬁtocdlfférent gragsild shadebL@ dalortiftensigoetud ebkew t he data
line 304 and the load |line 410 is asserted to load the bit info the bit
storage celgorregpondgertiee fririmum shads; whereas agelor ntensity alye %ft%r 28 in the bit
stor ageid  odrRePONA BANZRERTHuR ShhddOfre kibrail e 2004020085 . L1, OGRO2A | or

| oading into the bit storage cel hi's process is repeatedfor each
of the rermarmcntteqﬂvgtytrefetrs ﬂ%ésﬁtﬂQﬂ”SﬂﬁﬁeﬁbﬁtC?" 39@%&”%’1“’?#& € as has
been descri I#nhfﬁ: I rigget el y
store the bIQ%{ aht 5|t§tof’ﬂﬁ%ixét$ CBE)eggl tsy?)l? the eeQGZOSBQ(@:E(egédl ntensity
5 pi xel . Traghe séeondifrom-dgast algnkﬂgarmbltu1mféh|§|va9devam<t1§o anesusrthatithg | oaded
into the bi t e cells
206 are rotéet"%%yn%%re%? hh&%t%%stogr%gs'gnﬁb%rﬁ bﬁi\gg%ggﬂé;%%%%dé& cﬁfr@%ﬁél very

i ntervals ofvadueli spl ay period, so that the appropriate bit is stored by the
bit storage ceII 206 ch IS

t st _of t 10 ge cells 206
to the binary opﬂedﬂﬁ’ ' |Sé?/aS?8 tggg glegfng ﬂheebﬁ {ys&%@a?hus
appropri at edhstplaytdleaﬁneeoiz wd:rythauarp}kbne)@t’ttbe bh@sﬂoredeby?fbﬁ b‘itcstoragplcellxl ate and

sel ective | dln a spl a ment 20 S process
occurs as f g@&‘iﬁ@‘l’t%&l%‘%’&ﬁ 'C"’ﬁﬁesp%dt ’Bgntejr‘?é ﬁiﬁ’dquag%fjs ed. This
causes the mietzofst OnRfebe, trteeprbjetctuéﬁ @ysmﬁ omhlchaﬁ@tdbmdl Bighlagelemérite | i ne
302M to_be output on the 15 lin | oadj n i nt oHshe bi t st?rage cel |

206A. T4 103Q0 'araewbngswoét\avetp '99d tarbét Tnoithe biort gRPca| displagglemen

concurrentl t Hxphayf 0 t or age
cell 206B, 2abnzd)émsrgkb oert@ ¥ mtééﬁﬁudrfngvf% whi chpéglfOBt ﬁtﬁ?ttgesp{?cgrbéel?n?y%tﬁ b|tg
storage cellpgdealbN; @tsdéﬂ'ler‘éﬂpftlﬁteb@m \sdureef @ pixel 'Bﬁéh%bhétﬂyagﬁﬁﬁuézﬂosdl spl ay
el ement 20 mes. 20 FIG
5 shows thg0 fr’%h?fn Jltfbtl@%&\ dr{%e é’l@u%eh e(?i&t?fng g&é’ﬁ e.spia@%ﬂg? :\lTﬁ%ccor ding to
still anot mprempmﬁfﬂt@ﬁebh%ﬁthe@madéﬂlnﬂTHLe bmamqpllealtsthplet orage el ement
204 in de rﬁ.ﬁg% connect ed
to the%#neeﬁg@fm ﬁc‘?ﬁ"ec I n gfwgquél}t°$ﬂt% %?Mé)ﬂgeﬁatﬁ%ﬁ%g{un@eﬁs@%%M to the
i nput |ine storBgeciement. cont rol cell 402. There are also two clock signals

506A 25 and 506 &Pééuﬁcrta'tﬁ’e‘?'tﬁqr{ t?é\}?r{rg’t%qefr o (92 c%%laﬁg@g rﬁ&ﬁ The

clock signals 5 are non-overl appi suc signal s

506 is high en t ther is |ow .a i eversa1 The cl gc | s 506
are connect 2y Vi gg’ett??('fpaqehgatﬁletvegt'a{éévg%oﬁeéf}e%hzgy@,,( 25_ye ?‘F&é‘%g@gt he
mrror storage cell 502, such that they synchronize the b|t storage cells
206 and t hepnejection smtemavgtef las! to refoesh thaenultiple-bit sBoage elempot 204 wntsgtz
prevents visible artifacts from being displayed by the binary optical

di spl ay3®I ebitsaf imége datareviehedibptay petodge (®cands. bEhisgedusaside wi t h
the bits of a newintensity value, or whEil&SREBits stored by the bit
storage cells 10




HP PDNO 200206571 206 are being rotated and have not reached their final
destinations within the bit storage cells 206. The mrror storage cell 502
stores the sane bit stored by the last bit storage cell 206M The cl ock

si gnal s 5064A pDNDBOR0B8RdI nent are tined so that each is high 5 for a
different half of a given clock period, which may or may not correspond to
an interval of the display period. For exanple, the clock signal 506A may
be high during the first half of each clock period, whereas the clock
signal 506B nmay be high during the second half of each clock period. The

| oad |ine 4384ihg oBifgafibh ©ftHeQsroctiarcsystath 8y wahstot of 2'baahdithas heduces of a
color intensity value of an ima_ge_ pi xe] 10 into the bit sltbilora e cells 206,
with the ddheburdes pieredpnsibepeieqtionsysies Brhaving tryrefresh e ’I‘P@%&‘tﬁﬁ cl ock
period. The ' 1Phd - Noadesachi of thedRkbitgF i 0ds
correspond?dﬁgga%}gé'%giv%hpggﬁt-ﬁréétgségﬁégéoﬁ%ﬁ?ﬁtggﬁgrg Ioade%l iol’_ltO t,hcla opti cal

di spl ay el émage dagrintasthewayltisle-dihstarage alement 204 paeeige a@ivan GigRiAY | n one

enbodi t, i t i : lines 15
505 ar & el P08 hiEpdieh W lodtihg 116 Nbils RO Batathioing Balobiey | €0, 20
edge of L hQ:cisﬂlésﬁkle_ﬁiegﬂahotEQﬁEQ"’GﬂJﬂgweg.ea'hb plcrfjecttime hdyisﬁg_rrsmayagadamidvehzoes
except the first bit storage ce 6A t o the bit stored in the

previ ousl y Iag?edggﬁ?srbr]aiqsl%%z?rtgrg@tgy g‘@@%é‘?ﬁ@”@ﬁ& For exanple, the bit
storage gel I f206=ﬁk;! @Ia'd@vlzém r’ﬁhlltipIatbgtrBstd_lq'gé eldmertiz04 & mb&geeteﬁa,: I 2322A| ondt he
ri sing edge of the clock signa . The hjt stora oads
the bit thaﬂCCPEd"EﬂﬁOpﬂﬁefBHOQ'%@"I o 3a6 Rygiagh Hip égStPI?@ep‘r%ﬁsgﬁéﬁIﬁ by the bit
st or ageq el dircdRf)iRBrebRfedibd asIORM A 1§ thé finds03GHE 30DBE. ABY2Ms ERftert ed,
and is the bit asserted on the data |iné 304 where the |oad |ine 410 is

asserted. Tdhaifirstbit staragegell 2Q8A capoutpuidisdit tadoast thejsgpend BILSOFRIS nput i ne

504 on the s : I j bit on the
e 208 1 SNFIP, S HRicRled BPE IREISOTACAR o' angRE K bR srade el " he

ay e
ri si ng edge2@8iM careoutputits it tpriaad Bwe‘"mstbm@raeeffnu)a@G&Qﬁlt\d@@f@d&géh%el | 600,
according t zﬁpbﬁ% : i t i ; I each of
the bit sto“r?‘ggg) cells %ggg"t %Egéggﬁeﬁls@pgpadgg%é%%tggtd&@t #%ﬁﬁewn{hgd usi ng
n- channd nbary oplicaleisplayi element asindicatel)y e linedi08. Fortbermgrat thedipsti s t he
i nput for th it stor |1 60 6 .5t out put
for the bi tbn&tﬁ;agseceﬁgﬁﬁﬁé%ﬁ_Ioafﬁaeg%wgﬂg‘gi%gﬂoklib?g?s[%&g/#sqeﬁq%r%%én%? 610, 611,
614, 616, andicatkd.bythe liNdBB4.t r ansi stors 608 and 611 are 11 HP PDNO
200206571 connected .end-t o- end om ol,t ource 606 ta ground 612.
Similarly, the M'QQ‘&’I@QP&&@%&% @?1 aéﬁ@‘c"’iPih%@'fﬁu%f% CHOLA®EY. end from
the vol t agevéi@bﬁ@piﬁ@lﬁofﬁm\?\%é gatadn 6A& embodintdro oK thel ivetitioh @6 Aollowst Thles t he

e

transi stors_608 and, 610, nereas the jnput 602 controls the,transistor 611.
The cl ok sfiirﬁtmHIOSBS'QG'%BE"&?I'IWm%cql?fénﬁepg'ﬁ'ﬁ Yeisasgene ﬂ'&lh@l%a,taﬁﬂ%reas t he

out put 619 364 foh (badetHinkd Mk titlkborags teIPLEEA.Mend E&dtRdS &Nt s sighficat not ed
t hat ot her inplenentations, besides a dynam c NMOS | epent ati on, can be

. ¢ : . i
utilized i nbibefibe celepBiensiivalusfs thee asréiar pothe data line 304 to be loaded
into the bit storage cell 206A, where the first bit that is already stored in the bit

storage cell 206A is output onto the line 302A for loading into the bit storage cell

25 206B.
This process is repeated for each of the remaining N bits of the color

intensity value. Each time, the bit stored by each of the bit storage cells 206

except the last bit storage cell 206M is output for loading into the next successive

of the bit storage cells 206, such that the bit stored in the bit storage cell 206A is
30 moved to the bit storage cell 206B, and so on, and the new bit is asserted on the

data line 304 for loading into the bit storage cell 206A. After repeating this



The cl ock signals 506A and 506B are preferably never |ow or high at the 10
sane tinme. Wen the clock signal 506A is high and the clock signal 506B is
| ow, transistors 608 and 610 are on. If the input 602 is high, then the
transi st or HPIFDNos208bmee70n, pul ling the input 617 to the transistor 610 | ow.
As the transistor 610 is on, its output 619 is also pulled |low. O herw se,
if the input 602 is low, then the transistor 611 is off, allow ng the
transi stor 608 to pull the input 617 to the 15 transistor 610 high. As the
transistor 610 is on, its output 619 is also pulled high. Wwen the clock
si gnal 506$r¢c§esblr\gﬂmesldhe bit storagkcalis @O8A, 3068, .i. s 406M storeatheibits O $, .614 and
616 are on. t 0 619 of th transksto 10 is high, then the
transi stor - 61'\5{1 03%?13 éli)goﬁtﬁheﬁﬁlpf |nhed1s ¥a'f’ﬁ8tﬁ‘ d)é)ieq‘to the transistor 616 | ow
As the transi st gre QlliSitd stored.in tHeShibstbiige c@%’rZ@)@aﬁé mtat@dlbhﬁdgltm\blta herw se,
if the output 619 20 of the transistor 610 i istor 618

is of f, al IstipgR cellss2Q6 asnreaded dugng et’?fYFB’L‘JtPT"af ﬂfea fj'ﬁB@V pgqu ts(S’ tE‘a{e{ﬁ?r ansi st or

616 hi 9'3 de‘?laier BNRistdred b%ﬁe bl?Si%Flage'éeﬂ 208MPaHd 6fput shtétredinewddged hi gh.
Thus, where he cl ock signal "506A i s hi the input 602 is |oaded into the

bit st oragdordeadingigo thenainanyaptiedl skselay %Pm‘% 19f exxagrle. ififee Bt put 604
outputs the {&b& w?fh%rtﬁidsﬁbr%ﬂ% I8l 51)68 & t8hRI8ad |ht06c99 bln%@ Eﬂ)tﬁal displapws a

met hod 700 for using t e-bit storage el enent 4, accordlng to an

enbodi nent edﬁmemte?oﬁrm@nguacmvemnmal of the dignbay eeried, H‘ecbﬂscﬁio"ﬁﬁt"eﬂﬁ kit “val ue
of an i ”agest&?gggelﬁfozdbearg'rﬁﬂ é&b’ﬁ‘é fed 6 tlli’ét'?ﬁé Ml&%%?é@ehlcﬂoﬁm ay el enment 202

are serially st orage cel e nultiple-bit
st or agdOel euttimatelyGlore3 i bit iNitiatly stayedie the;btbmagﬁmﬁl 2pBadeeach ng each bit

"nio the 1 1Peion 08 b oforfEby BRTLLbABi ipac Bl 408 aB BB or 06

ot her of t hxtorhgé celt 206N ds melédtohe nertsiepésdivecofithe bmstmagmcellsIZOGZOGM are
shifted ov tq the ne f the bit e ce HP_ PDNO
300206575 et sty he ok statdos it et R Fafetlainé i bt Storadd odl " s pi oy
period. Thegsiat so #iadhebits Ard last inithe Fdtationge cel |ls 206 are rotated so that a
selected bit is ored in the | ast bit storage | 206M (706),. which is

t hen | daded thefééf‘bﬁ'i“?"l‘ﬁ@et'ﬂ‘é't'ﬂﬁﬁi’é{r‘s}mﬁ%? P@H?e“aﬁéé)frh?/"eé‘ﬂaﬁﬁf@ @by (708).
Rot ati on netchRiimCeURetHe? RAtboBindnt 3% frihvditioh N The Piiifle-bitReordde?. for each
desired rotation of the bits anong the bit storage cells 206. The sel ected

bit is the eiement20ddneludes agenriral aelhd@dhaning ipyl inesAMARNAAGHS hat ed

pul se-w dt i F 1A, the
D't Sopl ¢ ¢ 11 SR B BRRonRt the SlER s MR ARPAGER. tedolupdy TR TR 1 ons
perf ormed iisputtivesd0dkand A04Baze cmctedédéme line 302M end the datadine 884.bit to 10

nove frpom i I 06 to the
| ast bi st%?%%go%lgr\{lh%éi/ﬁ{eﬁ?%ﬁhgﬁl céﬁ) 5dd Eﬁbﬁée)l?/'tee ?rrléﬁttgaé(?lg r{)jtl%'éef) | ay
devi ce The lioptd1@aindd lopd tige 41l @ mespectioflyt Aaserting thedead lins410 bausesdhe

o whi ch 1591 4sspled Ao ite RBXEC vS plfews o0 e B ePoBRRM b " P

f)pt |h cal di Sﬂﬂﬁyragb@@ﬁﬂDGRngsmm@theabtate nmd¢'rrz causee\ts}m bihauipat Ibyhthecel gr o:‘
ight to i it is i.dent. .Fl A and 8 i ca i spl ay
el enent 8\(,)\'3’& %’gsgﬁ"3ﬁ§'}4|°£§}§‘8i"$‘?§5%'}4§°88|°8 OHM‘? @5@%@“,99 to
differeg® dntoadé bRBictagd célhzo6Avention. The col or optical display el enent
800 in FIG 8A utilizes a si tatla n of he tical 20d|splay
ol ement 200, whaedt Sarade gplired s Bldted Bl 65 tip o A SRRl AR 3

util : zes athlal’ﬁﬂﬁél o@fmag@d@tarasaéuoms Tole ftrétemﬁtsngmﬂcaﬂn sp:oa;heaioeorent _200
equal to the nupber of r conpo t he en, .o ace, hei ng
Geed. 1 n FGEnaR VA isepied SRMETalg ide and.anosds RRBED 1 RESeR:
optical di sploayputieBinéntd e mwﬁ;r lﬁahtngﬂht@-theblt%tdbagweelm(}meﬁth&04 as
have been 25 descri bed. nght 802 of var colors is incident to the

opt i cal3Wi s§5cayd.d1exhEest Siguificant bit o ihg; rd'?i By valye isdhriesseded B8 col or

conponent s g dfaaﬁ.rw 30AarkOhe loaPRe® 1085 BSsdHRdo 162 thebiibehe Bifer € each
i mage pixel of data can be divided into the col or components red, green,

and bl ue, cﬁi@rﬁégﬁéhapﬁg”'ﬂ%ettmﬁaﬁﬁb'@ﬂtr\??\é’éﬁP@’MSM%@fe@dﬂ‘EheWbﬁﬁm@nts of the
red, green, and blue (RGB) color space, the 30 light 802 nay be divided
into red Iight 802R, green |ight 802G and blue |ight 802B over a given
tinme period. This division may occur tHough the use of a 13




HP PDNO 200206571 col or wheel, or by another approach. Oher |ight
conponents, such as a white |ight conponent, may al so be included in the
light 802, for instance. When the red light 802R is incident to the optical
di spl ay el eypano2dd0206674e bits of the intensity value for the red col or
conponent of the inmage pixel to be 5 displayed are | oaded into the
multiple-bit storage elenent 204. The bits are then | oaded into the binary
optical display elenent 202 as has been described. The result is nodul ated
red light 802R incident to a spot 804 on which the inage pixel is to be

di spl ayed. c3iiZ0bAld dutpuisiio thslirg I02A for @hdlna(iﬂ@thesblt storabmd:elltZ%Bhe opt i caI
di spl ay el enent 200, the blt? of thfe i Nt ensi g}/mﬁq fe or th ge pixel'’

10 green cdi Progassoissareatedior gagh ot thRremaingh Pty 8 té\etﬁooréq 8?%[ e el errent
204, and '% dsbéﬂl‘haﬂé@tﬁb%@ﬁ d@@éritfe@' thdi Bitdtérage lcane2064,@26Bs. has been
descri bed. IS results in dul ated green |I8ht 802G, incident to the spot

804. WWen tZ%melugatelsgﬁpream@lts@ ilnci- d@n"t ofithe bitwoltheipbetl's aplepiniBnsly enent
200, th p::l)§et| Ofl'?%@‘?hé ftse&sthé YolbRlritéhs tg R/al%g bér%ll Sodtledantoqh@bit conponent

are | oaded ple-brt stora erren 204, and | oaded into
t he binary smcpageaellaﬁQﬁpl ay el enment 202 as has been described, resulting in

modul ated blue lyghy b@ﬁogtgred'lﬂ%edﬁ%to];a%et&ﬂs @Er@%‘@ateggn{oﬂg (huiBRN eye, the

net effect is the di |xe on t In FIG 8B,
t he col or cqb@mgabeﬁh%@ﬁag/nwcta@wma@@ewnoﬂeu@dagf adISQ\@MR?anoﬁ%tbﬁht?eel ement

200 for each ?&Hr@?e |gf§|§§]rgﬁ&@f?@8fwsﬁ>r9 &QIGZ(% %l&PE‘?ﬁe élgé&‘?o?@lebe' ng

used. For &FR ace I's a red optical display
el emrent102004R sterage eels 208 tocthe mapbmwaEHsmameleﬁﬁmzoanﬂ)m ctﬂtln,aabltgorm cal

opt 1 cal i SPVAgPRIPERIRDENSGee Y elteghaaasing 80a B APpkfetihy’ (Fe "

mul ti pl e- blstelaihOéa@aur@lummnébmaaﬁﬁbt.caoeﬁgplamtémzozr@apqmcesemcuraed |i ght

802R is 25 incjdent _to t spl ay .el.ement, 20 reen,light 802G
Us i nci dentas 0w B qac o gﬁbltﬁ?f ‘g iR t41§d?)ﬁfse£‘ﬁ§ ?IRl?egﬁ‘ﬁSS?ﬁheg‘gQB is

i nfl de ][lt t Osr’:érléﬁ ugnhe eitlstolagetal208Me BBt G0 the ITee3dEM %o I8 ottpat omthensi ty
value for the re

col or conponent. of the ge. pi xe e di spl ayed are
o had 1ot JMeroB for PRGNG TP Eva Bb FlatRgeal AORR. JoBrot PIBviySH PR oY Vg b cs
of the 'nt tbbé léfi‘JeH'QoéRﬁs &&ﬁ;u%ﬁw o@gwcﬁﬁ@tr@qir@rsmrrepmaahgm theoaded
into the g st or age el enent and the bits of the |nten5|ty

val ue for tb1b8tblra9§ OQBQBSBC@IM@W Dap%ndllaﬁa@éwhld?tcﬁ“!Q]'é'tsrﬁip'ﬁdthéhﬁlbl st or age
14 HP P | to th
bi nary optD:\'scq)%'I% g%%g?éés Eslogerrrggﬁ t@g%@ﬂdggﬁﬁ@ anﬁagﬁ‘?g@%& lééﬁéll ve t; oas ﬁas

been descr i 208] therotage diné 442 iscasskeded zaror thraighiNctiesli spl ay eI ement 202 and

the mul g pl e- bi t_ st e I dred light
802R . Fbdul at ed'Gr BHOWs 51%“@@5'&2&‘4“%5% efeiitht 2040 i ?‘L"Sm 802B' ont o
t he spot 80dccordingntocdtilitametiemegdodimasit of thetiovemtionli §péay&ﬁple-bﬂfsmmga/el y

di spl ayi ng the

i . pi xel the Fl , lified
exanpl e of gle 'E'ielg '"8@6?%@%858“8@% rc(?ﬁ(r?éZthS\"g aBr@g.gWﬁsﬁpﬁggpt IheI ©
i nventi on. Medteanbme KHRV302M B6Khecting thdasutiput of tHeectit stbretgleecedabﬁm topt i cal

di splay el epents L. ncident t 10 each
of which jst gﬁnqq@ 69489?%‘? control el 48’3 T m?f@aa'sodﬁ@pﬁaer P ﬁ&g’éoo of
FIG 8MKnr §&¥ 50(;659 cdg%délk/faw réfeviied @o 89 theadiock sngwdlsjdes The olotk sighals sggg t hat
recei ves inage data roman .i nage so S evi.ce may

i ncl ude a s%'%é?&'i‘ -QslapRipg rfg‘nba‘?%@ﬁ‘e%m&? %ﬂék S 5@%?&"8‘¥Wg‘en 02N on

whi ch tlhe n@lﬁﬁi @g@ﬂdémﬂ\riée-eﬁga Jhe gﬁi(c):ﬁl@[lg_;ﬂw%CBOSCHrechﬁnm&Em&hbﬂﬂmjggg
external to the i spl ay ev ce at is vi ce may
be a front-P Eﬁgﬁ‘iﬂqsgpsaasr‘@‘éﬂ a$ i 'g@é‘ﬂ'f"%s@ﬂ?g?&ﬁn%ﬂg %‘%}ﬁ%@qgﬁ\brem ated by
those of Orévri&ﬁl‘dhlﬁ%lﬂblt‘@tdrbgé‘céli&ezw dnd théfmlﬁ‘bﬁsﬁbmgedﬁulwe 968 niteyr al so

i ncl ude conponents ot her than those depicted | t 802 is

i nci dend0 t ostoragecssil H02gpevends visibleartifac ﬁmhg@gmgyeg@gg}\ggmary 20 800L
as has been @e fRaFaispag elé?n&%bymkhqneBh%ibréﬂe%us&ée%l?&bgﬁg |d%ﬁfedlvﬂmt ance,

| i ght of di frerent color may be 1ncident to different parts of ch of the
el enents 80tha biseds new 'ntenS'tBMHeaﬂrWhﬁ?@ the Rits stord bibﬁhelt?"‘g?ﬁ?raSP cﬁﬁ% sane
color may be incident to the el enents 800A, 800B, . . ., 800L at different
times. The el ements 800A, 800B, . . ., 800L in numnber preferably correspond
to a desired resol ution of 10



25 the display device 900, such as SVGA (800 x 600) resolution, XGA (1024 x
768) resolution, or another resolution. The |light 802" nodul ated by the
optical display elenents 800A, 800B, . . ., 800L is directed to the screen
902. More $pepiND B8ddeyz1 t he optical display el enents 800A, 800B, . . .,
800L out put nodul ated |ight 802" for display on the correspondi ng screen
portions 902A, 902B, . . ., 902L. 30 The controller 904 may be hardware,
software, or a conbination of hardware and software. The controller 904 is
receptive to the inage data 906 from an i mage source, such as a video

conmponent , 286 GABEIME rotafiiChrichave. not Feached thdﬁrﬁm@tmmﬂﬁnmbutol | er 904
perforns ané necessary processing of the ima a a 90353 uch scal I ng
r

the data 96 @Qﬁ 9‘1’“@‘ dihetmigior torageeceli 203 st ea %‘?1{% 8 ng the
data 906 t ¢, &6 caPgsgm of the display device 900, and so on. The
controller 9 o approprlately | oads the bits of the color intensity

val ues of the |Whgeloskplgﬂelssﬁwflnpneemmgénmw'@fﬁ)ed sqifeat egshimkighi t s of the

col or gt enss 4 i ¥?elcriwli'§§l of aé &n %%lcQﬁggtgd;pﬂﬁ(gB@%y%F M%@%ﬂi@ﬁﬁma'té%s into

t he col opti1ca ement s as has been
descri bed. inteaval ofsthetiisplaycpurlodl Fer exaragls, thhe:ld¢kts:gmah5@6/i maydediignt s 800A,

800B, . . apc Vi he | mage
pi xel s of Hgngﬁ?f@sg%q{gf ?glgﬁévg‘ﬁavhee?%een 2‘32‘;33 5% mg:a I -ogr space
converted bf_;grt dnmrvgcthé setdrey h)0sf each cloek period.t Bhe loadries c4|1 Qtis assegtedt he

s00B, . toraueh el i ispuate MiHisieRs TR RupR T o B uReBEBRET So0
thus reagspongbihebi erora:besadnwoagwm mefdawﬁm 3@¢lassv‘rtetjhﬂtrmneed>fsth®N t he i mage
dat a 906. Each el ement 15 800A

e ant 1 at 105 yring ABCh,HPRE Bpa SHeptate iR t12 BOBSeHa QAT o0F| 1

col or conpRiperiels EbeedptRERgRG KBl féMﬁé @§§|recetbuwo s lob6d Mid thecol or
conponent of the inmage pixel Where t spl ay device 98& i s nmonochronmati c.

Al ternati vapycaléﬁﬂlﬁlml@w&nﬁ%@@wasdm the last, b't stergge el 2¥8Ne a nunber of
instantiations @fohd'8mBBAifeRt, thé Bitd éLYt{)Qﬂ Wﬁﬂ@%lt%@ﬁaéé‘ééllszéb%ﬂhbame@ | the

col or conponents of the image pixel he sanme tine. FIG_ 10 shows a

met hod 1800 B0Rcre yalid en the faking edoe of therriacksianaha0eAang;the risipg 8ge 88 900,
according life ARRCRUIAG! SRR cisel BEcH) AMRBbLIArad cARDIBLRBRIRE R B DY [ hose

of ordinary s thin t e art, i ncl ude steps and/ or
acts ot her stérage celb2@6Aitepioad & blhstptegln e previously adjasentefthebitopt i cal

di spl ay 25
resol ution sgc#rggﬁgélﬁsl %&QQIO%%\Q/FY g&bb't StrgFeg%Srcg\ﬁ/%Qégﬁ%gégg't%ﬁoréﬁl@an i ncl ude
provi di ng ahe b'qlsuiragnf calr 206heon thensing exfgei of sheadbclasigoalsS06B. tThe it nary
optical,.di spla I.nstant) atjons of the
mul ti p|2;9. bi orgﬁg 'Sggﬁ E’f?gﬁtﬂ4 @g@@aﬁa‘iu opﬁgbﬁu?%é‘? V@}' ﬁst{éh{tl ations of
t he bi nary cugbut®glthelbis Bfo@agead;eﬂrﬁﬂﬁlvsoﬂﬂ% lIneBDEM wBéreRhevaotdierimet41R is
I nstanti ati ons_ o e | e- bit or, el t 204 can.in
provi di ng cﬁ?ﬁ?@%‘iﬂﬂﬁ‘g 'ﬁg%l Ws;%%ﬁftﬁgpr@'ﬂr‘s %g?f‘ ésg“a"fq’eé‘? g\ealaéd ling 5@1506 t he
control celdssdfled. The mirror storage cell 502 loads the bit input on the input line 504 on
the rising edge of the clock signal 506A, and outputs the bit on the line 208 for
25 loading into the binary optical display element 202 on the rising edge of the clock
signal 506B.
FIG. 6 shows a bit storage cell 600, according to an embodiment of the
invention, which can implement each of the bit storage cells 206. The bit storage
cell 600 is implemented using n-channel metal oxide semiconductor (NMOS)
30 logic. The input 602 is the input for the bit storage cell 600, whereas the output
604 is the output for the bit storage cell 600. There are six NMOS transistors
608, 610, 611, 614, 616, and 618. The NMOS transistors 608 and 611 are

11



HP PDNO 200206571 402, and/or the mrror storage cell 502. The controller
904 is also provided (1008). Where the display device 900 i s nonochromati c,
there may be one instantiation of the binary optical display el enment 202
and one i ngfpaNcdobsasaf the 5 nultiple-bit storage el ement 204 for each of
the optical display el enents 800A, 800B, . . ., 800L. Were the display
device 900 is color, there may still be one instantiation of the binary
optical display elenment 202 and one instantiation of the multiple-bit
storage el enment 204 for each of the optical display el enments 800A 800B,

. ., 800L, ceprénsdendtdaand ﬁomfu?v@mlgersoomeiamno@'rapida@nZeI&mﬂalﬂy,alﬁE) of the 10
enmbodi nent of FI G 8A. Altera%tk3 é re t di ce 900 is
col or, ther"ﬂ\"%ﬁr%'s&ﬁmﬁ@f‘ L PN&C e[dh%\ tlon'ﬂ}‘ffp ec‘é? aQPspI ay el enent

202 and ongy), dﬁl'l‘[gttf)?rd) ef2. (e duek di a¢5l96Ao§ht%|§% RaRets 6084 i n each

of the optica ements 800A, OL, for every color
conponent @ndt&i8, v E@asél'ﬂ%@éutﬁo"’c mtr@i%tbeérynaétsaréy 9509 clask sigsabndi ng t o

the col gr %%B%'ntrgﬂs%ﬁé ﬁﬁn&ét%%ﬁﬂﬁss whey éé%%@@ggﬂ't Beobr@k FI G 8B.

Conclusion It is note nment s have been
i | | ust r at edransistal €46rconisals e sansistor 611& |It istwtehihabeihat Erplempentations, of

ordi nary Siﬂe's'dek'%&éjﬁ SflM(%?Femﬁ%r ﬁ%g@ﬁ%%ﬁ%’étutﬂl ol & n%@r?rﬁﬁ’o&rﬂeﬁt@h' eve the

same purpose may b t’he speC| Ic e ments shown. This
appl i cati orofthe inmémtiotled t o cover any adaptations or variations of the

C tian T Ct . . . ti
et m ted onl y 10 ol sErdlsaoea et e RbetaHhEh ey R b bpatisg, e O
g002065|?)1t \é&nlté tirhen V\ﬂhenﬁkre otmblt< s'@gatﬁm iayhighl mtﬂlhte_c(o'w&{)gr?bﬁqt)ﬁB i lowy; I a t

i nary optica S n .. an i,pl ez bit s el enen
(20t o sutistora BB 2nd 5700e ohoft T rBEs0Zs Mgt iarfpo wangibRr B9 s
di spl ayed hyisd &€ p@umgrtue mbht 61i7f torthé flaAyistor 618 [w. JAis thedransibiten8 1@yis per i od,
each bit | oaded fromthe PqQﬁqult storag&te emené nary

optical di <5 &5 ouiPuhBIR 'so%%o B‘i" W Qthgrwisgy inpHtoQs '§:5‘?"&§}n?iéﬁ'\ od to

achi eve t hergig|sfdr emneam&w@b e trah8istdr 608 ¢ thihéalhptﬂl&ﬂp|t@ihe9| enent of
claiml, wherein the nmulti It storage el enent conp rlsesanurrBer of b|t

st or age15celtfaj1sl§éﬂlzﬁ10thh9h h%s thertrnsistr EHiot'§ opfits P 18IS plspvded Di90al ue. 3.
The opticaly ﬂéﬁ Hedodt § '5088 iChigh2hd fthé"@@&kef Pnél@%ﬂ% fovRltambistorgt Or age

el ement further conp rls a mrrol stora connected to the binary
optical 15 611|4sande@46earermmlf the outmu 649 of tt@ltramsgﬁnra@m@ Bighnthepithe | ai m 2,
wherein th I'n4Qf: t cted. 5.
The opti ol TSERTE 3o Hleb o, BUAFuThiR o fd filidiorotdofl JRIREC] O ©
el enent f urttansistardtris QBSIt$0lﬂplﬂtt6Q4| is elsblputladdmg Q@theowige,| if ﬁh@ qultf&tt 619

Daroe 1 & orBe failetBr S 8k; th8h 1ld otk Al of! Sibuila HaBisRly | T ONST Y

val ue i 't storage TNt ota
asserted t G14obaiud thdrimpotédieto thé trbn$|stoamglghh@\srthe’transmtbr Bil6 issampitage

ctor age. cel B SIS AlsrispedFioB; {TRGF Opase TEEPPek tighel0os maiel. B3¢ cal
di splay el eiHPEttSOQtlQ lc%‘éied .rhbttheplfm étbfag%5ce|ﬂ tmbe Wisdn thetomcafsugriaesma i
ntensity Vrﬁgrlijethé ?)ut%%t 6(%1 outputs tﬁe bit s%oreé the bqa c}f'ag(;) IFé’dO 18
25 FIG. 7 shows a method 700 for using the multiple-bit storage element 204,
according to an embodiment of the invention. First, the N bits of a color intensity
value of an image pixe! to be displayed by the binary optical display element 202
are serially loaded into the bit storage cells 206 of the multiple-bit storage
element 204 (702). This may be accomplished by asserting each bit on the data
30 line 304 and asserting the load line 410 to load the bit into the first bit storage cell
206A, where the bits already stored in other of the bit storage cells 206, except

the bit storage cell 206M, are shifted over to the next of the bit storage cells 206.
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HP PDNO 200206571 di spl ay el enment, such that the nunber of bits are rotated
anong the nunber of bit storage cells to select the bit to be | oaded next
into the binary optical display element. 7. The optical display el enent of
claim1l, wWpersping 2bmedf1 t he nunber of bits of 5 the color intensity val ue
is loaded fromthe multiple-bit storage elenent into the binary optica

di splay el enent during each interval of the display period. 8. A display
device (900) conprising: a plurality of binary optical display elenents
(202); and, a nultiple-bit storage el enent (204) for each binary opti cal

di splay el ement Neskpmeaﬁacmsaae eridraieddbr éadhsntefvahofa displayrpesingdi ﬂ'tneval ue of

| to be di d |
M hout 1 oIF RIpreh B INaMGIOTS6e 6120 a8 roRIek A hRr selBrEB tes SR enent
more than gﬁ'gﬁ |Qé’trdntr§!o:%?9'céPb@dMR%G)OWmcﬂ is t]iléﬁ |6t tRereftoi iAo the cl ai m 8,

wherein th ural it binary opti'cal display conponents corresponds to a
plurality cbinaryragthbmselay element 2924 pP&ly Ketatinsrraay be ascauelished Y each

multi pl b'atssec'r?l% ﬂ%ero%tggﬁé'ﬁ@?c?re% hh@?iréﬂ’t'mﬁfon%tﬁﬁ l%]lﬁs é}ﬁo Rl intensity

val ue or one Iur pi xel s. e dIS ay device of
claim8, vvrsmregencdlqomﬁr aThet@eIQ;ﬁ%bllt @rthe hﬁg@bpld)sélayed@ B@Cqmi%n&?éw@bﬁ by the

plurality qj ﬂ%oqhtgoogu@éwb%@ya&l if grb%%ss&ﬂ%tﬁeapﬁaaeﬁdéobp a nunber

of the pIura ary optica y conponents cludin
bi nary opt iFd@l w; thp Ibitysptitting @pproach dSGlotﬁlQnﬂ Beaod SOfona T;nemtmbecr of coI or

conponent s he e t Rt or age

el (rarprrent st 58@;15?%&%]5&19&'%% b%s rc?tgt?(g] or{rb%lhﬁ enS| thé FE@COP bgﬁé colgor

conponedt ahovefeornfitsichereml bit stbiagg oeﬂs ofthe bitistorage pelbseﬂ% to 1i%e last bit

/ Np4/ Npt/ N7/ I\LJ/ NJ| / N/ NS$I / Npl t/ NS/ NIt/ NIt/ NIt/ N7/ NyJt/ Ny] 1/ NyJd/ N NT_2#ql

FS | 'i(%@&fca] cal caV]ca] ca UV]ca] ca]ca] ca]ca]ca] ca]ca]caV]calca

V] c™a] ca\/] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]jca 6 , €

#@[ 8L5Z3} »Guloroptichiodigplay elepren} and displagidesicea) ca) ca] ca] ca] ca] ca] ca] ca] ca] ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca! 3q% 1| - ~j f zupkf a\ Whi d_Z] ca] ca] ca
ca] ca] ca] caV] cg

{/] cl\a] La\/} ca]/Jca] ]c1§ %})ﬁg% ?gs] C c%a coz?aﬂgzai:] 'caas t%eae]ncdae]sggt])%dal]sca VD

IR h##ogaenssmatic, indtha a@ar)y glven time, it is able to modulate the light to which

cal caf {8 cof et Yoty By R £y PRNIR RO AR PRI BN 25500 57
;200 is not able to on its own change the color of light to which it is incident. FIGs.

]SETE;LEZT 3 Sy ol ke by b ALE e th e Bhonl piigh oo ool ool oo

JJIKKK) Lt LLaMM\:E,MNQ&vacdcgh]d)ﬁg] tbmﬁexa]tcm]bzmjma]ts af ﬂ'm]ln‘ae]mla]\ca'hea:ptoa] ca] ca] ca

Saa caafg[ ca alc ;:# caV] ca Q1 cal cal
Squ0Nra] gl Yo R B ETerDR AL e, bR o) T anFiay ShPearoat o
]93] KS] g /cidnls;?ém%ﬁ%hcacb@a])mémhéa;bmabpﬁdat}aispa}/@ae}maitmbdaﬁra] 8] ]ca] ]ca] ]ca'
i ol | 000Er Xr rr srsbuuuwax sni al] ca] cal ca
] cg] cg] cla] cdilizey 8 spEReEa] 'B%FPE%@]@Q]Q’ @g]f@éapé'ag' @3]\"%5] g@i %%{%aig @3] cal]cal ca
{ ET‘\'MGr?hng‘)‘M ] ]bceé]oé golor com onentsa 01:: tge glven color sggcecgeug% used cal cal cal ca] cal
ca] ca] ca] ca] ca] draﬂéa]t’c‘!a]ﬂaaye']ma&atpeay@ kﬁ%}tgl‘% EiL%"YZ‘%HtF}B] ca] ca] ca] ca
] ca] ca] ca] c@igiay eRhfcat 262 GAd &l Mali I%l&?dt@r%bé%]é?ﬁ&rﬁ@bﬁa&s?ﬁd\féaﬂé‘eh] ca] ca] ca] ca
]cal ca]calca!s Rd7d?n Xsni ca] ca] ca] ca] ca] ca] ca] e’] cal ca]ca]c
a] ca] cadxa]dasribgd aligh f\é&} @dﬁ%’]&%ﬁ]‘%"&]‘%HF&S’&PE‘&]"B%PEH‘]%&]SEE]YL%‘;'“ =&10% & ()

( é;} ()1/?"8/‘&( § )ZLOG @HNVAyihy cBRIDMrfespbnd G ¥idofsr cdbmpdRéfts of imeldiéar ‘color

10% & () - vrsreve Qeing-usgy! Fopexaieple) whereieachdqage pixehefdata ¢an ke diided ot 10t
into the color components red, green, and blue, corresponding to the red, green,

and blue color components of the red, green, and blue (RGB) color space, the
30 light 802 may be divided into red light 802R, green light 802G, and blue light
802B over a given time period. This division may occur through the use of a
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HIBSH= 10! 9! 10%/Y& ()- 10% & ()- L10% & ()- 10% & ()-910% & () -
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34F10% & ()-21 10% & ()-!S3+! 109%&' ()-3[ MV s10% & ()- 10% & ()- L10% & () -
10% & ()- 910% & ()- 10% & ()- 10 10" 8LaBm\V s10%

10% & () -, £6R%r whegt; w&ﬁ éndtherw;ﬁrﬁadh) -OhbARH cEMbPReBLdISuth (@s-eDakiteTN/ s 10%6f 10

% & ()- f#lOO/&'() 10% &
10% & ()- 1@99@0(7)901%‘&815%&! /é%ﬁéﬁ’éef‘j" Qf’dtﬂé‘%ﬁ% forip8iance:y ) - 10% & () -
0% & ( ) y&&lO(V 6 WHeh-the Aed<Bht 802R is ikBident to the optical display element 200, the
bits of the intensity value for the red color component of the image pixel to be
5 displayed are loaded into the multiple-bit storage element 204. The bits are then
loaded into the binary optical display element 202 as has been described. The
result is modulated red light 802R’ incident to a spot 804 on which the image
pixel is to be displayed. Similarly, when the green light 802G is incident to the
optical display element 200, the bits of the intensity value for the image pixel's
10  green color component are loaded into the multiple-bit storage element 204, and
loaded into the binary optical display element 202 as has been described. This
results in modulated green light 802G’ incident to the spot 804. When the blue
light 802B is incident to the optical display element 200, the bits of the intensity
value for the pixel's blue color component are loaded into the multiple-bit storage
15 element 204, and loaded into the binary optical display element 202 as has been
described, resulting in modulated blue light 802B’ incident to the spot 804. To the
human eye, the net effect is the display of the image pixel on the spot 804.
In FIG. 8B, the color optical display element 800 includes an optical
display element 200 for each of the color components of the given color space
20 being used. For example, for the RGB color space, there is a red optical display
element 200R, a green optical display element 200G, and a blue optical display
element 200B. The elements 200R, 200G, and 200B include the binary optical
display elements 202R, 202G, and 202B, respectively, and the multiple-bit
storage elements 204R, 204G, and 204B, respectively. Red light 802R is
25 incident to the optical display element 200R, green light 802G is incident to the
optical display element 200G, and blue light 802B is incident to the optical display
element 200B.
The bits of the intensity value for the red color component of the image
pixel to be displayed are loaded into the multiple-bit storage element 204R.
30 Similarly, the bits of the intensity value for the pixel's green color component are
loaded into the multiple-bit storage element 204G, and the bits of the intensity
value for the blue color component are loaded into the multiple-bit storage
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10  each of which is an instantiation of the color optical display element 800 of FIG.

'_\

8A or 8B. The display device 900 also includes a controlier 904 that receives
image data 906 from an image source. The display device 900 may include a
screen 902 having screen portions 902A, 902B, . . ., 902N on which the
modulated light 802’ are displayed, or the screen 902 may be external to the

15 display device 900. That is, the display device 900 may be a front-projection or a
rear-projection system. As can be appreciated by those of ordinary skill within
the art, the display device 900 may also include components other than those
depicted in FIG. 9.

Light 802 is incident to the color optical display elements 800A, 800B, . . .,

20 800L as has been described in conjunction with FIGs. 8A and 8B. For instance,
light of different color may be incident to different parts of each of the elements
800A, 800B, . . ., 800L at the same time, or light of the same color may be
incident to the elements 800A, 800B, . . ., 800L at different times. The elements
800A, 800B, . . ., 800L in number preferably correspond to a desired resolution of

25 the display device 900, such as SVGA (800 x 600) resolution, XGA (1024 x 768)
resolution, or another resolution. The light 802’ modulated by the optical display
elements 800A, 800B, . . ., 800L is directed to the screen 902. More specifically,
the optical display elements 800A, 800B, . . ., 800L output modulated light 802’
for display on the corresponding screen portions 902A, 902B, . . ., 902L.

30 The controller 904 may be hardware, software, or a combination of
hardware and software. The controller 904 is receptive to the image data 906
from an image source, such as a video component, a computer, and so on. The

15
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display device 900, and thus to the color optical display elements 800A, 800B, .
., 800L. Each optical display element 800A, 800B, . . ., 800L is thus responsible
for displaying a different one of the pixels of the image data 906. Each element

15  800A, 800B, . . ., 800L may have a single instantiation of the optical display
element 200 that displays all the color components of the image pixel
successively, or the only color component of the image pixel where the display
device 900 is monochromatic. Alternatively, each element 800A, 800B, . . ., 800L
may have a number of instantiations of the optical display element 200 that

20 display all the color components of the image pixel at the same time.

FIG. 10 shows a method 1000 for at least partially constructing the display
device 900, according to an embodiment of the invention. As can be appreciated
by those of ordinary skill within the art, the method 100 may include steps and/or
acts other than those depicted in FIG. 10. First, a number of optical display

25 elements 800A, 800B, .. ., 800l, corresponding to the resolution of the display
device 900, are provided (1002). This can include providing an equal or greater
number of instantiations of the binary optical display element 202 (1004), and a
number of instantiations of the multiple-bit storage element 204 equal to the
number of instantiations of the binary optical display elements 202 (1006).

30 Providing the instantiations of the multiple-bit storage element 204 can include

providing corresponding instantiations of the bit storage cells 206, the control cell

16
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800B, . . ., 800L. Where the display device 900 is color, there may still be one

instantiation of the binary optical display element 202 and one instantiation of the

multiple-bit storage element 204 for each of the optical display elements 800A,

8008, . . ., 800L, corresponding to the color optical display element 800 of the

10 embodiment of FIG. 8A. Alternatively, where the display device 900 is color,

there may be one instantiation of the binary optical display element 202 and one

instantiation of the multiple-bit storage element 204 in each of the optical display

elements 800A, 800B, . . ., 800L, for every color component of the color space of

the display device 900, corresponding to the color optical display element 800 of

15 the embodiment of FIG. 8B.

Conclusion

It is noted that, although specific embodiments have been illustrated and
described herein, it will be appreciated by those of ordinary skill in the art that any
arrangement is calculated to achieve the same purpose may be substituted for

20 the specific embodiments shown. This application is intended to cover any
adaptations or variations of the present invention. Therefore, it is manifestly
intended that this invention be limited only by the claims and equivalents thereof.
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We claim:

1. An optical display element (200) comprising:

a binary optical display element (202); and,

a multiple-bit storage element (204) to store a number of bits of a color

5 intensity value to be displayed by the binary optical display element during a

display period,

each bit loaded from the multiple-bit storage element into the binary optical
display element one or more times during the display period to achieve the color
intensity value.

10 2. The optical display element of claim 1, wherein the multiple-bit storage
element comprises a number of bit storage cells equal to the number of bits of
the color intensity value.

3. The optical display element of claim 2, wherein the multiple-bit storage
element further comprises a mirror storage cell connected to the binary optical
15 display element.

4. The optical display element of claim 2, wherein the number of bit storage cells
are circularly interconnected.

5. The optical display element of claim 4, wherein the multiple-bit storage
element further comprises a control cell having a load line that is asserted to load

20  a next bit of the number of bits of the color intensity value into the multiple-bit
storage element and a rotate line that is asserted to rotate the number of bits
among the number of bit storage cells.

6. The optical display element of claim 4, wherein a closest bit storage cell of the
number of bit storage cells to the binary optical display element stores a bit of the

25 number of bits of the color intensity value to be loaded next into the binary optical
18
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storage cells to select the bit to be loaded next into the binary optical display
element.

7. The optical display element of claim 1, wherein one of the number of bits of
5 the color intensity value is loaded from the multiple-bit storage element into the
binary optical display element during each interval of the display period.

8. A display device (900) comprising:
a plurality of binary optical display elements (202); and,
a multiple-bit storage element (204) for each binary optical display elements
10 to store a number of bits of a color intensity value of an image pixel to be
displayed by the binary optical display element without loading the number of bits
into the multiple-bit storage element more than once during a display period.

9. The display device of claim 8, wherein the plurality of binary optical display
components corresponds to a plurality of image pixels to be displayed thereby,

15  such that each multiple-bit storage element stores the number of bits of a color
intensity value of one of the plurality of image pixels.

10.The display device of claim 8, wherein a plurality of color image pixels to be
displayed by the plurality of binary optical display components each corresponds
to a number of the plurality of binary optical display components, including a

20 binary optical display component to display each of a plurality of color
components of the color image pixel, such that each multiple-bit storage element
stores the number of bits of a color intensity value of one color component of one
of the plurality of color image pixels.
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