HP PDNO 200206571 14 July 2005 5 MULTIPLE-BIT STORAGE ELEMENT FOR BINARY OPTICAL
DISPLAY ELEMENT BACKGROUND Projectors are generally devices that integrate light sources,
optics systems, electronics, and displays for front- or rear-projecting images from 10 computers or
video devices. AR/BRI#P BASRIGETS include spatial light modulators (SLM's) to mqgrgj%lgﬂ%ﬁg spatially,
so that images are projected onto screens for viewing. Light is transmitted to an SLM, which
processes the light so that the desired image pixel is projected onto a screen. SLM's may be reflective
in nature. Light is reflected off an SLM, which modifies the light in accordance with 15 the image to be
projected onto the screen. The archetypical example of this type of SLM is the digital micromirror
device (DMD), which is a kind of micro- electromechanical (MEM) device. Projectors using DMD's
project bright images, because the light does not have to transmit through the reflective SLM's. In
general, a projector refreshes its pixels with new data based on a 20 refresh rate, or in every display
period of 1 . DMD's, however, are refresh rate 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 25 with

each interyal usually equal to or jggg thppReresiedRINEESEL.BMERGPEMRIVal the DMD is loaded with

one of the bits of the intensity valug|RfARs E¥cahiSaLlipASIPLIRHeAtE M pr does not reflect light in
accordance with this bit. Each bit is 1 HP PDNO 200206571 14July 2005 loaded into the DMD a

number of times based on its significance relative to the other bits of the pixel's intensity value. The
projector therefore typically refreshes each of BACHEROEMERY interval of every display period. Each of
these intervals is usually specified as no greater

Projectors are generally devices that integrate light sources, optics

systems, electronics, and displays for front- or rear-projecting images from
10  computers or video devices. Typical projectors include spatial light modulators
(SLM’s) to modulate light spatially, so that images are projected onto screens for
viewing. Light is transmitted to an SLM, which processes the light so that the
desired image pixel is projected onto a screen. SLM’s may be reflective in
nature. Light is reflected off an SLM, which modifies the light in accordance with
15  the image to be projected onto the screen. The archetypical example of this type
of SLM is the digital micromirror device (DMD), which is a kind of micro-
electromechanical (MEM) device. Projectors using DMD's project bright images,
because the light does not have to transmit through the reflective SLM’s.
In general, a projector refreshes its pixels with new data based on a

20 refresh rate, or in every display period of ;. DMD'’s, however, are
refreshrate

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

Seolor daph B 1 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



5 than 1 woraePth;nwts For a projector having a color depth of eight refresh rate x (2 -1) bits and a
refresh rate of sixty hertz (Hz), this means that the projector refreshes each DMD at intervals no
longer than about sixty-five microseconds (,Us). However, controlling all the DMD's in a projector in
this manner cartPRONPRAMRO6EShecially for projectors with large resolutions and,hi p r(%%%h rates. 10
SUMMARY OF THE INVENTION An optical display element of one embodiment o thé Invention
comprises a binary optical display element and a multiple-bit storage element to store a number of
bits of a color intensity value to be displayed by the binary optical display element during a display

period. Each bit saadesl iemilis AMliler i elagsclRmeaiif e iR aRcRkisplay

element one or more times during the display period to achieve the color intensity value. BRIEF
DESCRIPTIONOE bitsrobihe pirRl@ itersityr¥aliys referenced herein form a part of the specification.

Features shown in thehgrgrajester thereriné Apitamy Pafreshb s Bichoon RseDMDA sty infdhal 20
invention, and ‘?ﬁt of all e bodim_egts %f t&e t’r{%entiori,gunlless othe Ivvise e@‘igpitlg/ indicated, and
implications to 8"86%95@%&@%?8 rwi 8t 13958 NG EIBESYA AReP'EPE 8 o"i‘gg%% bf different
approaches for loading the bits of a color intensity value of an image pixel intq a hinagry. gntical display
element :f'slthirlﬂg"ﬁisr@rpysp%'y@d((ch#is’mayfmewﬁa%oé 8i%‘?ﬁﬁt%%%}%ﬁ%ec%ﬂhaﬁﬂﬁah%é% bodiments
of the invention may be implemented. FIG. 2 is a diagram of an optical display element, according to

an embodimeRitSARe afeEeshTate of Sty hefizdidn Hitmeantitat hesrrPigsdor kaiieshes the optical

display elemensgfrtmrs afRkEerciNdrie RARNMMRA I AsHLIt&hteiey entiiseddidsPiaB0 200206571
14July 2005 FIG. 4 is a diagram of the mu&t@le-bit storage element of FIG. 3, according to another

embodiment of tAWSNGERRSHAtitg 8llithg BM{Y AN & RFISHGRIEIS TR Canhedifliauric. 3,

according to sgptmefRpRjetiorhivithtege YessiatiohsFid Righ fefleshitai@gram of a bit storage

cell, according to an
10 SUMMARY OF THE INVENTION

An optical display element of one embodiment of the invention comprises
a binary optical display element and a multiple-bit storage element to store a
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.



embodiment of the invention. FIG. 7 is a flowchart of a method for using an optical display element
having a multiple-bit storage element, according to an embodiment of the invention. 10 FIGs. 8A and
8B are diagrams of a color optical display element, according to different embodiments of the
invention. FIGHE RDNQ RGBS Tf a display device, according to an embodimentﬂfm%fé'@géntion. FIG.
10 is a flowchart of a method to at least partially manufacture the 15 display device IG. 9,
according to an embodiment of the invention. DETAILED DESCRIPTION OF THE DRAWINGS In the
following detailed description of exemplary embodiments of the invention, reference is made to the

accompanying craviggs 43k DU G ARt URLSAIEAR HBIBTLUR BY ey o' dhusiatgn specifc

exemplary 20 embodiments in w e invention' may be practiced. These embodiments are
described in si#ienatbereambedimam et insitiaNin the art to practice the invention. Other

embodiments may beigtiligesl Rap AR RS ehafptelbiBibRIBE eleh7MSS MY Deastataryithout

departing from, the spirit or scope of the present invention. The following detailed description is,
therefore, not {9 ﬁgiﬁRgﬁfﬁ 8%%@@%%?&%'9% scope of the present invention is defined only

by the appended claftG. Oiscasirvuifdiagram efradbliBwinage diéle ractargingtches 100 and 150,

respectively, for_loading t its of lor intensity value of an image pixel into a binary optical 30
display elemen 'Uvﬁl)t%élj'rﬁgagn |§5@§ﬁ%¥%‘§%l 2 to display the image pixel, in 3 HP PDNO 200206571 14

July 2005 accordandd@ithisvaiBaverhand ohacnashsid fier wsieatamoptisabdisplpleeRmMesd. The display
period 102 is pig{gsgAnfinechR Stbralyé BIErHRRH YEBSRIIRISA Lrasbulent st théresh rate at which

the projection system that includes the binary optical display element refreshes the binary optical
display elemerfv¢RtOfisplay period 5 102 is further divided into a number of intervals, where each
interval isipreferably FIGs. 8A and 8B are diagrams of a color optical display element,

according to different embodiments of the invention.
FIG. 9 is a diagram of a display device, according to an embodiment of the
invention.
FIG. 10 is a flowchart of a method to at least partially manufacture the
15 display device of FIG. 9, according to an embodiment of the invention.

DETAILED DESCRIPTION OF THE DRAWINGS

In the following detailed description of exemplary embodiments of the
invention, reference is made to the accompanying drawings that form a part
hereof, and in which is shown by way of illustration specific exemplary

20 embodiments in which the invention may be practiced. 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



display period less than or equal to 2CoWdepmmacs 1 . The color depth in bits specifies the number
of different shades of grayscale that the image pixel can have, such that a color intensity value
thereof can range from zero through 2colour depth in bits _ 1 Because the optical display element is
binary, at any HrBNPRGReET110 have one bit loaded therein. Therefore, to anigM %ﬂ\gering of
pixels having grayscale shades, each bit of the color intensity value of a pixel is loaded into the
binary optical display element one or more times, based on the bit's significance relative to the other
bits of the pixel's color intensity value. In one embodiment, where the bits of the color intensity value

of the pixel afeaéesﬂﬁﬁge%ﬁh%%ﬁ%@gﬁ@%&ggﬁ;@rnﬁéﬁﬁon m%gbgﬂﬁbmén@.smﬁcam bit to

the least significant bit, each bit Is loa y optical display element 2' times during the

display period c]@&alyl

i IBEiGEi52! 8 relBrgbry BERRRdiTenL. edkh bit ig lnadsddnigrdb faiay optical
display element in 2" intervals of the display period 102 r&reshaateapproach to achieving grayscale
utilizing a binagy optical display 20 element is referred.to inary-weighted pulse-width modulation.
FIG. 1A specilalf G aE SRS AR e e e DRk e Sl 100 of auch
modulation, fodmlexabmelﬁigeftea?hwnm bi:t&cel_tdism_gh a!emm.awpeo@igplawpeimcts the order
in which bis 0 1Bl hariARgE hiB'a FfmbipaprRENEAL disklay SIEmARdLrag bR dishlay 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 ,gpti¢ah A ERPANPRIE disnlawReiReihaR His dpedies dieplay period 102,
bits O through 7 are Iogdéfﬁr?t%i?ﬁ]e%ﬁ'ﬁ&“fﬁ”t?ﬁtieél displanglgﬁ"lgént 28?2511, 223 24 28 26 and 27

times, respectiyghibMQesiRGEHICaHdR 5 GrabAdhe fisplay RRSSIHE ean e sadinigrvals 30

divided into fifteen sub-periods of sixteen consecutive such intervals each, and;}fs HP PDNO

200206571 1439lonintensiy ¥ale thesecitandengsfieatzeirtipughivar 1h thd sub-period 104,
which is the sub-perigg adaaritsproaP@spiy MRUATIE Binai Ods dagdnrbinghe ifisadnterval for a

total of one time, bit 1 is loaded in the second and third intervals for a total of two times, bit 2 is loaded
in the foutth thRAY§IPRfRRiLPaAsH thersin s Fherefars: ta ashieys ErNdEINgiPRAXERYNE the eighth
through fifteengrapiealalstaties, each bit of the color intensity value of a pixel is loaded into the

binary optical display element one or more times, based on the bit’s significance

relative to the other bits of the pixel’s color intensity value. In one embodiment,
where the bits of the color intensity value of the pixel are specified and ordered
15 asi=n-1, i=n-2, i=n-3, . . ., i=0, from the most significant bit to the least significant
bit, each bit is loaded into the binary optical display element 2’ times during the
display period 102. More particularly, in one embodiment, each bit is loaded into
the binary optical display element in 2' intervals of the display period 102.
Such an approach to achieving grayscale utilizing a binary 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% 2* 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



a total of eight times. In the sub-period 106, bit 4 is loaded into sixteen consecutive intervals. In the
two sub-periods 108, bit 5 is loaded into thirty-two consecutive intervals, whereas in the four
sub-periods 110, bit 6 is loaded into sixty-four consecutive intervals. Finally, in the eight sub-periods
112, bit 7 is 10iRBENE AM2083B1consecutive intervals. By comparison, FIG. 1 BP;P‘}S}{)' g shows a
bit-splitting binary-weighted bit display distribution approach 150 of binary-weighted pulse-width
modulation, also for an example eight-bit pixel having bits O through 7. Where there are 255 intervals
in the display period 102, each of the more significant bits 4 through 7 is 15 loaded into the binary

optical display (0L MANYG -peri ' Ciifive. intar in the order
depicted 1 FIG B G 1 e

non-consecutivdishds thess\perededitaving fitaenconsesutive dnfervatsidit dénleadrd iR such

b periocs Loog e e e Lot ol of I e S anficant bi
sub-periods : : ; , : : , . Each of the less significant bits
0 through 3 is 853%5%'?% JfWé’ BIHS?y%b%éiﬁ%‘i‘é%@‘jl%%?%ﬂaﬂghé°§§8- eri%%vfgin(tj?rﬁﬁ{ase%rconsecutive
intervals, @ith bitdaloaffedrdinces,znd Hivddedoadee imihe &ighibdHouginiiftecathlibie®aisafted eight
times. The appy =G 1B | iteSRitt h.for binary-wei 25 pulse-width
modulation be%gﬁég éﬁﬂﬂgfﬁﬁ%ﬁjiin@%% E’o%ﬁ%??ﬁym faglbséﬂg?l%g@p&ﬁ%%%ﬁecessariIy loaded in
consecutive ineonsgsutivatietestals)uimbe woisubrpgriod 8% it Sdsdosdeddatedthity-twe binary optical

display device iBin i FRaMISIHItL2nIhisuv b tBer RO oD igidGe dlicriffers from the

approach 100 of FIG. 1A, where each bit is loaded in consecutive intervals for the 30 total number of
intervals that iSO ERRRES S dehiAlsy fIpalkY iR R/ IRESHRsRERRIS thi% b iGiPperiod 102. The
bit-splitting apadet) ihtd 128 ¢ hresevitployeidtaleduce visible artifacts from being displayed by the

pixcls over consecutel SRR oot i RS E SRS ARG B e
projection systeitrdispiax sistiihutipo promatbpla) efdinanysweighiedoridse tidthanasisiatipmary optical
also for an example eight-bit pixel having bits 0 through 7. Where there are 255
intervals in the display period 102, each of the more significant bits 4 through 7 is
15 loaded into the binary optical display element in varying sub-periods of sixteen
consecutive intervals each, in the order depicted in FIG. 1B. Bit 4 is loaded in
one such sub-period 152E, bit 5 is loaded in two non-consecutive such sub-
periods 152A and 152L, bit 6 is loaded in four non-consecutive such sub-periods
152C, 162G, 152J, and 152N, and bit 7 is loaded in eight non-consecutive such
20 sub-periods 152B, 152D, 152F, 152H, 152, 152K, 152M, and 1520. Each of the
less significant bits 0 through 3 is loaded into the binary optical display element in
a sub-period 154 of fifteen consecutive intervals, with bit O loaded once, bit 1
loaded twice, bit 2 loaded four times, and bit 3 loaded eight times.
The approach 150 of FIG. 1B is a bit-splitting approach for binary-weighted
25 pulse-width modulation because each of the bits of the color intensity value of a
pixel is not necessarily loaded in consecutive intervals for the total number of
intervals that the bit is to be loaded into the binary optical display device within
the display period 102. In this way, the approach 150 of FIG. 1B differs from the
approach 100 of FIG. 1A, where each bit is loaded in consecutive intervals for the
30 total number of intervals that it is to be loaded into the binary optical display
device within the display period 102. The bit-splitting approach 150 may be
employed to reduce visible artifacts from being displayed by the binary optical



" embodiment o

5 display element for each of 255 intervals of each display period. To achieve a sixty hertz refresh
rate, this means that the projection system loads a bit into each binary optical display element every 1
x 106 60 x 255 = 65 (err)s. To achieve an eighty-five hertz refresh rate, the projection system loads a
bit into each biRRPNPELGLRARIIay element every 1 x 106 85 x 255 = 46 (err)s. 1'Iz1i %?bggcome
burdensome 10 on the projection system, especially for SVGA (800 x 600), XGA (f"d X 768), and
higher resolutions having 480,000, more than 750,000, or more, pixels, and where each pixel has
more than one corresponding binary optical display element. Optical display element having

multile bit StoiageCIBMVEL ddd SwAdHRY Beflean AP X eBIBR ba L ARRATHIRHAG an

1e Invention, which relieves a projection system from having to load a bit into the
binary optical MeffslE element 202 in every interval of every display period. The optical display

?ﬁmentt_ ch)?j _inclludeslogwﬁggi%%hqﬁgaziuézi%@@)éﬁl@@qu&aoaagmB}@j@ﬂﬁi@ﬁtgyggﬁgelement_204.
e optical display.element 200 may be 20 an integrated circyit (IC), or another type of electronic
and/or electrori4iag RNy QRtiGa %X&\?'Bﬁﬂ&f‘ﬁ%}ﬂi@ﬁ@@#?@'E?oefﬁ‘a?ﬁbﬂ°l°%"a'l
n}icgp-elecsromlcﬁayilewn(léﬂ\ﬁda @mhcmh' o Zﬂﬁztnmldigfteilaomilisphycpededlcé Q[ﬁvr[nayeuaar:lother typbe
of binary optical di element. . T inary optical dis men IS bi in.25 that it can be
o oroff That S L Lo R e SR Sy MBI, i nerency
incapable of displayjng pixels. havjng color intepsity valtie$a@5f ong;bit in length. The element 202
displays pixeIsﬂ%ﬁﬁ@&o@?ﬁ?&#ﬁ@%ﬁ(g@8??7%%&%@55—ﬁig #ghgjfﬁ g?/hé?gﬁlg{/llng each bit of a
color intensity value for at least one of the intervals jnto which the display period.can 6 HP PONO
200206571 14RO SO AR R U PEEH4h B TGP bier bits o
the pixel's color intensity value, as has been geggtcribed. The_multiple-bit storage element 204 has a

number of bit SPBHEGLAUSNEY RIBREDHBESTY. FauBMeB 8 4Sondity BHRe RMHEIELBREBP the color

intensity 5 value of the pixel to be displayed by the binary optical displaéelement 202. The
10  on the projection system, especially for SVGA (800 x 600), XGA (1024 x 768),

and higher resolutions having 480,000, more than 750,000, or more, pixels, and
where each pixel has more than one corresponding binary optical display

element.
Optical display element having multiple-bit storage element

15 FIG. 2 shows an optical display element 200, according to an embodiment
of the invention, which relieves a projection system from having to load a bit into
the binary optical display element 202 in every interval of every display period.
The optical display element 200 includes the binary optical display element 202
and a multiple-bit storage element 204. The optical display element 200 may be

20 anintegrated circuit (IC), or another type of electronic and/or electromechanical
device.

The binary optical display element 202 may be a micro-electromechanical
(MEM) device, such as a digital micromirror device (DMD), or another type of
binary optical display element. The binary optical display element 202 is binary in

25 thatit can be on or off. Thatis, it can reflect 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



color intensity value has N bits, such that the pixel having this value has an N-bit color depth and is
capable of having any one of 2" different color intensity values that correspond to different grayscale
shades. A color intensity value of zero corresponds to the minimum shade, whereas a color intensity
value of 2" -1 Hf EENEH8ESTH the maximum shade. The storage cells 206A, 296By -20@96M are
collectively referred to as the cells 206. The cell 206A corresponds to the least signl}licant bit 0 of the
pixel's color intensity value, the cell 206B corresponds to the second-from-least significant bit 1 of this
value, and so on, such that the cell 206M corresponds to the most significant bit N-1 of the pixel's

color Intensity wiee. bR WA Bibaifiane: SPREB BRI WRB LI BIBRMNPIC display

element 202 such that any one of stored by the bit storage cells 206 can be loaded into the
binary optical @igl$coleriBiansiiy valumdeheditsethdeserideds. Therefore, the projection system of

\éV_hiclh theI optical disén*ay ﬁiamﬁéib?@s&ﬁﬁgié falmardg@almhw%mé@aﬁ &t@r’]tdmgetb@w@inary Optic?l ;
isplay eleme ing every.interval of every displa riod. Rat the grojection system loads
all N bits of th?gg%r%ﬁ# Sity\g%éﬂo@érﬁﬁ?&qﬂﬁhoe%ﬁﬁ g@;egsgoga&sé%réh%f:@]%r]m&ﬁatg_bit storage
element 264 dusing afdheepixismyeptispldydathby dpp biparytoptical alishiyeelgmeéntROR. |ddded into the
binary optical displa: j int Of t ' ' g multiple-bit
storage eleme%ﬁ%@gatl% rﬁesﬂﬁt%%érg %ﬂ%@vﬁgﬂ‘ éf?éé?'&éé %?Xﬂ%%%@%iﬁg%ﬂmfm 202 with
a bit of image dalter depth andrisatagablessfdwaving try ook afHAtdifieren) poleitonsiystaluesnly has to

efresh the muilesiSAGAIFIRRASHAPAMILIO LD RLTATR RRIR. dPplRy period of 1

seconds. This reduces the refresh rate PDNO 200206571 14 July 2005 Ioaqving obligation of
the projection SP5tesRMIAa fa dherBinMURARhades Wwheires athelfurderspiavlidenftBe pilojection system

in having{ig reEsrBdhsna% B XHIWERINTLIRPEHABE MPR! tBragb IS 2BBADHYeRION Syaken loads each
O N s O e ctval Tterted 1o 48 the cals S0, The call 206A Gorresponde to e 'Y
least significant bit O of the pixel's color intensity value, the cell 206B corresponds
to the second-from-least significant bit 1 of this value, and so on, such that the
cell 206M corresponds to the most significant bit N-1 of the pixel’'s color intensity
16 value.
The multiple-bit storage element 204 is coupled to the binary optical
display element 202 such that any one of the bits stored by the bit storage cells
206 can be loaded into the binary optical display element 202, as indicated by the
line 208. Therefore, the projection system of which the optical display element
20 200 is a part does not have to load a bit into the binary optical display element
202 during every interval of every display period. Rather, the projection system
loads all N bits of the color intensity value of a pixel into the bit storage cells 206
of the multiple-bit storage element 204 during a given display period. The
appropriate one of these bits is then loaded into the binary optical display
25 element 202 during every interval of the display period from the multiple-bit
storage element.
As a result, rather than having to refresh the binary optical display element

1
refreshratex (2" —1)

202 with a bit of image data every interval of seconds, the

projection system only has to refresh the multiple-bit storage element 204 with N

30 bits of image data every display period of 1 seconds. This reduces the
refreshrate



5 period, as opposed to loading the N bits of image data into the binary optical display element a total
of 2" -1 times. The projection system may thus achieve higher refresh rates and/or greater display
resolutions. FIG. 3 shows the multiple-bit storage element 204 in more detail, according to an
embodiment ofiERDNOSA6ZI85The bit storage cells 206 are 10 circularly intercoqggﬁﬁ?ckbo%% referenced
by the lines 302A, 302B, ... 302M. That is, the first bit storage cell 206A can output Its bit to load the
second bit storage cell 206B, as indicated by the line 302A, and so on, and the last bit storage cell
206M can output its bit to load the first bit storage cell 206A, as indicated by the line 302M. The last

bit storage cell 206M can also output its bit to load,into,the 15 bi pptical di ent, as
indicated by thllg qpﬁg%@}qﬂﬁ? rcfﬂeoLrFrrﬁg)eré),rﬂjleecﬂ%} S%ﬂ%{g r%/g%é %&ﬁ%ggg? c’a%ﬁl%ﬂfé) I'r?évl%%?of a color
intensity valuetbe dyisten) placediratbe pipitationsEdanTihdavingdatpireshsnEodinay bptierlded with the

bits of a color e AkIR 953 PRI IR SRR SReRNBAGE RaRh Y i K\Glgn as follows.

The 20 first, most significant bit of the color intensity value is asserted on the data line 304 to be

loaded into thdMRI&Satgdnte theomultipiesbitiorras elament 20t Arrafar BistyemEiBBIRY intensity value

is then asgerteskaApdhascsppdie 3 {btriing inadeditinss imaguidsierage trllbifér optieak the first bit that
is already stored in the bit storage cell 206A is output onto the line 302A for Ioadingﬁig_to the bit

storage cell 251598 elameptadotal &f Zpediimes: e R5PiIsRIPESYRERY aYiibs BIESR: intensity
value. Each tiragjHberéiicsinietebarach giddtetdisprpascatio?)c except the last bit storage cell

206M is output for loading,info the next successive of the bit st e cells 206, such that the bit stored
in the bit storage cell?_gg(]& % 88%'3% L?ﬁq%éggi {;(f'@r%%g 8en]FEgé%g Aha 26 on ,taa%rL‘ljd the new bit is
asserted on thecerdingto 3oveiobhstianert pfithehipvsntionadbe bif stheagedrilsrépeaneg this 8 HP

PDNO 20020657 b b7 80 EERRE S PibRaliBy ik Riasaems AR, 20862 2AGM store the

bits 0, 1, N-1 of the bits of the color intensity value of'the pixel. The N bits stored in the bit storage

cells 206 are ritate® R Hilsirgs celbQ§A canosttitsRibinlgad Higsecand iRtstrPgRa display

period, so thatdBl206B, as indicated by the line 302A, and so on, and the last bit storage cell
206M can output its bit to load the first bit storage cell 206A, as indicated by the
line 302M. The last bit storage cell 206M can also output its bit to load into the
15 binary optical display element, as indicated by the line 208. Furthermore, the first
bit storage cell 206A can load a new bit of a color intensity value of a pixel, as
indicated by the line 304.
The bit storage cells 206 can be ioaded with the bits of a color intensity
value of a pixel of image data in one embodiment of the invention as follows. The
20 first, most significant bit of the color intensity value is asserted on the data line
304 to be loaded into the bit storage cell 206A. The second, next most significant
bit of the color intensity value is then asserted on the 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



5 appropriate bit is stored by the bit storage cell 206M and output onto the line 208 for loading into the
binary optical display element 202. For example, if the bit stored in the bit storage cell 206B is to be
loaded into the binary optical display element 202 during a given interval of the display period, the bits
stored in the bitP SIINRIGRIMS7TI06 are rotated N-2 times, so that the bit storageﬁe‘ljljg)(?@&lo ultimately
stores the bit initially stored in the bit storage cell 206B. In each rotation, the bit stor y each of the
bit storage cells 206 except for the bit storage cell 206M is moved to the next successive of the bit
storage cells 206. The bit stored by the bit storage cell 206M is moved to the first bit storage cell

206A, 50 that pa Al AENRLINRAURISGe LI Soshsao8s, the mubinleib i Bde glament 204 in

even more detail, according to another embodiment of the invention. The multiple-bit Storage element
204 includes a editiopcite Rits pbthiagagsiptensityvalnepldhrBahat are selected by assertion of the

select lines 406A and K& fbbite SRREHVAlhe bit stbFrigdibes 206 ar b tHIéB ArR g mepied to the line
302M and the data line 304, 20 respectively,.whereas.the select lines 406A and 406B.are connected
o aoumto. S PBHE P13 LO0 AR DGR ULDG R LA, B 0SBIaY RRLE R s b
asserted dn theppatdpriaie Bl4stetbred biptheobitthtotage 488 206Maatidputputioatdthetinaedd8ell 206A.
Asserting the r, ' ' ' a dine 302M to be
output on the |ﬁ@§%@”§ﬁé§%ﬁg‘§&?ﬂﬁ§ t)gl{% ﬁéﬁé\é%ﬁ]céﬁiz%%A.%iggﬁ%&h (E:% Ilg 206 are loaded
with the bits ofséoeestonitie héisteraee cell 2¢FRsdpihflgadra ante thel binarraptivalidispiay significant bit

of the color inGEsIBrYaBLISRRFS SRR ThiBR/ ARSAHHBRIRBHYAEHEE {ReBilestdrdy i avseited to
output the bit onto the line 408 for Ioadln(?sll\iﬂo the bit storaﬁe cell 206A. The 30 second, next most

significant bit SHAFRIEAENFRARSES (ARiedNrelimes e e RitRagfcsl £29M the 1oad line 410 is
asserted 10 loagltifatbiy istoréseHaitbisinitgly salredf thbdiestoedyechil 208Bids paetiously stored in

the bit storage 2, PANG,200206871, 34, 1y 2005, ¢l 2004 15 QuIRL a3 i 2024 for loading
ge cell . This process Is repeate each or the rernaining its of the color
intensity valusterage itelt 206Mds movaditsstirtbeextibecbassiveaefthrbit stisage oells 206.
The bit stored by the bit storage cell 206M is moved to the first bit storage cell
206A, so that no bits are lost in the rotation.

15 FIG. 4 shows the multiple-bit storage element 204 in even more detail,
according to another embodiment of the invention. The multiple-bit storage
element 204 includes a control cell 402 having input lines 404A and 404B that
are selected by assertion of the select lines 406A and 406B, respectively. The
input lines 404A and 404B are connected to the line 302M and the data line 304,

20 respectively, whereas the select lines 406A and 406B are connected to a rotate
line 412 and a load line 410, respectively. Asserting the load line 410 causes the
bit asserted on the data line 304 to be output on the line 408 for loading into the
bit storage cell 206A. Asserting the rotate line 412 causes the bit output by the
bit storage cell 206M on the line 302M to be output on the line 408 for loading

25 into the bit storage cell 206A.

The bit storage cells 206 are loaded with the bits of a color intensity value
of a pixel of image data as follows. The first, most significant bit of the color
intensity value is asserted on the data line 304, and the load line 410 is asserted
to output the bit onto the line 408 for loading into the bit storage cell 206A. The

30 second, next most significant bit of the color intensity value is then asserted on
the data line 304 and the load line 410 is asserted to load the bit into the bit
storage cell 206, where the first bit that was previously stored in the bit storage



206M ultimately store the bits 0, 1, ..., N-1 of the bits of the pixel's color intensity 5 pixel. Thus, the bits
of the color intensity value are serially loaded into the bit storage cells 206. The N bits stored in the bit
storage cells 206 are rotated among the bit storage cells 206 as needed during every interval of a
display periodHB&ENQ 2362485 ptopriate bit is stored by the bit storage cell 206M, 6?1%18 closest of
the 10 bit storage cells 206 to the binary optical display element 202. One of the blts IS

appropriately and selectively output onto the line 208 for appropriate and selective loading into the
binary optical display element 202. This process occurs as follows. For each rotation, the rotate line

412 is asserteg IT%OFRQ%%%?P:QF %ﬁjigrﬁ,geb\??glefgplggqggc rﬁglﬁ%qu/i gqgét&nt%gg line 302M to

be output on the 1 ing into the bit storag preV|oust stored by the
bit storage cellThGomasessisUrReded itpeashtef the rRaopa MhbisRfithpistiombtenstiorage cell

2066, and so Q@ [eepeasltRgtoasHas bed R Sithaid e Rit fisrhe YOISQ06R 12088 is desired to be
loaded into the blnar optical dis Ia nt 202, 1 e line IS as erted zero th ough N
times. 20 FIG. 2@@% ﬁ&ewﬁmg ttﬁ%ﬁage e1en'1\git°2?2le ?J“F £ 0 3&’5) ?Ejfnbe? %II another
embodimeént opitked. irmressti time theaﬁthumemnrﬁmmgevmlmwets@ﬁélly\drbaded intoitherbitorage cell 502
having an mput !)me%%O%l %)réected to the line 302M connecting the output of the bit storage cell 206M

to the input I|ne e control cell 402. There are also two clock signals 506A 25 and 5066,
collectively referred tBhesNHeite istokesidn e bisstaragersiie 20k are soategamandthaBibping, such that

one of the clockignaleh6d8 Biheuben difngERSHFiRBHANSE WeRsHRIFBelbS, SO tfatigrRals S06 are

connected to each of the bit storage cells 206, as well as to the mirror stora e cell 5%?? such that they

synchronize th%prpgféﬁg‘g@tdélﬁ"ZG@ BﬁH’ﬁlE‘?ﬁfﬂ@gﬁﬁﬁgg@éMl wiiehigdhg; }8?‘%36 &ge cell 502
preventsMisiblpiestireis teirs 2edne tebaved bytide dispay cetient@opla@edcofitng B isvhen the bit

the bit sorage BUTE P HEPOND LU0 ORI S S B 08 KPR e ot
reached their fagdgctvetivatmngintnihe bioay epticabdisplay eememdirrdhisioragess«rsus stores the
same bit storedbOyfiafs. For each rotation, the rotate line 412 is asserted. This causes the bit
stored by the bit storage cell 206M output onto the line 302M to be output on the
15 line 408 for loading into the bit storage cell 206A. The bit previously stored by the
bit storage cell 206A is concurrently output onto the line 302A for loading into the
bit storage cell 206B, and so on. Depending on which of the bits stored by the bit
storage cells 206 is desired to be loaded into the binary optical display element
202, the rotate line 412 is asserted zero through N times.
20 FIG. 5 shows the multiple-bit storage element 204 in more detail,
according to still another embodiment of the invention. The multiple-bit storage
element 204 includes a mirror storage cell 502 having an input line 504
connected to the line 302M connecting the output of the bit storage cell 206M to
the input line 404A of the control cell 402. There are also two clock signals 506A
25 and 506B, collectively referred to as the clock signals 506. The clock signals 506
are non-overlapping, such that one of the clock signals 506 is high when the
other is low, and vice-versa. The clock signals 506 are connected to each of the
bit storage cells 206, as well as to the mirror storage cell 502, such that they
synchronize the bit storage cells 206 and the mirror storage cell 502. The mirror
30 storage cell 502 prevents visible artifacts from being displayed by the binary
optical display element 202 when the bit storage cells 206 are being loaded with
the bits of a new intensity value, or when the bits stored by the bit storage cells

10



last bit storage cell 206M. The clock signals 506 in one embodiment are timed 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 example, the clock signal 506A may be high during the first half of each clock
period, where8f fRNOIGeR28RFAAI 506B may be high during the second half of ep&bug%%?eriod. The
load line 410 is asserted for N such intervals to load the N bits of a color intensity value of an image
pixel 10 into the bit storage cells 206, with the data line 304 asserted with one of the N bits during
each clock period. The rotate line 412 is asserted for a number of clock periods corresponding to how

o he desiecit I il dhe BRU ISR PRI R BN A BB lorage

cell 206M. In one embodiment, t _ It storage cells 206 on the lines 15 302 are
valid on the fatatpeegellst 2A6.c 0wk Rigiesistvane sall e Fiares dar sasne bt etoeeddythes06B causes
each of the bit siprogdralie ¢8f oempt the first bit storage cell 206A to load the bit stored in the
previously adjacent Qf the bit storage cells 206. For example, the bit stor cell 206B loads the bit
stored in_the bit stordf8 FeFoBIgRESH IR NSRS 866’8%?1?15‘ Arschrasshse é%%fé”.afhést?ﬂ% storage cell
206A loads théobi thfiererduipifivba givehnsotRernibd; iwisicheniay autmayt byt tterrespoodigeacell 206M on
the line 302M re t t i ' ng.i it: ine 304 where
the load line 4 ?svgf!lsgféﬁgegE?‘%eﬁﬁr%)éssEéié%%e?&&?é&%ﬁ%@iﬁr%@rﬁ&%ﬁ ut line 504 on
the rising edgdlefingdheduntdigiafsach cloek pariagtswhersasoherriopksng!BP6B rayke) into the

binary optical digRakHETRSAL@RANGH B EaR 5608, ARk INHNP G Ralios a bi
|

storage cell 600, accor _ng%to an embodiment of the Invention, which can 'rgﬁl,ement each of the bit
storage cells 286N inEsYalsdoleadhs N hitseharalen ERg Y- XAkS R FRLBPS%BE ¥ emiconductor
(NMOS) 8D lognto THeebitstarage ceilb06) witlothbelbih diter 304 asditiy witte emsdhthedput 604 is the

output for the hit s cell 600, T re,six N ransist , 616, and 618.
The NMOS tragrigﬁs%@%ggg%ng% 1615%28 1@%%%%%832&% sf?%%l@t%@%%%ﬁégcted end-to-end
from a voltageciRtk DemBBB eogiespending tshakafay, thigedesired bit to be loaded into the

optical display element 202 is away from the last bit storage cell 206M.

In one embodiment, the bits output by the bit storage cells 206 on the lines

15 302 are valid on the falling edge of the clock signal 506A, and the rising edge of
the clock signal 506B causes each of the bit storage cells 206 except the first bit
storage cell 206A to load the bit stored in the previously adjacent of the bit
storage cells 206. For example, the bit storage cell 206B loads the bit stored in
the bit storage cell 206A on the rising edge of the clock signal 506B. The bit

20 storage cell 206A loads the bit that is output on the line 408, which is the bit
output by the bit storage cell 206M on the line 302M where the rotate line 412 is
asserted, and is the bit asserted on the data line 304 where the load line 410 is
asserted. 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
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NMOS transistors 614 and 618 are connected end-to-end from the voltage source 606 to ground 612.
The clock signal 506A controls the transistors 608 and 610, whereas the input 602 controls the
transistor 611. The clock signal 5 506B controls the transistors 614 and 616, whereas the output 619

of the transistidP BRO@3pAREESThe transistor 618. It is noted that other implemenﬁtlﬁl}f2 ides a
dynamic NMOS implementation, can be utilized in other embodiments of the invention. The clock
signals 506A and 506B are preferably never low or high at the 10 same time. When the clock signal
506A is high and the clock signal 506B is low, transistors 608 and 610 are on. If the input 602 is high,

then the trans@éﬂhgéé&sem_%d%mg mg@%cﬁ}&t%a%r@%ﬂﬁﬁ%ﬁoml the transistor 610

is on, its output 619 Is also pulled low. Otherwise, if the input 602 is low, then the transistor 611 is off,

allowing the triMia&transisionsfilthand fiiteare epaneatsdendiangdfomdhe A9t ransistor 610 is

on, its output G}Qise?68 RYELSLRWB1 IVirRR HisckISiinAIGBAEKHE bisTied tPithidtereleok signal S06A is
low, transistors 614 and 616 are on. If the output 619 of the trans'st%)r SﬁgﬁBhi%h, then the transistor
transi

618 is also on2PHIRAY-WESFRR BenBYhYrHRILRIP BslTBRSIRe R FE$9Rahn, its output
604 is alsé puliedBwonbtie thadteansisiors Bt iB 26, wHbre amtiesbaipit ® 19 lofthéhen the transistor

618 is off, aIIowmigigbtﬁa‘Bs&?RFogltﬁéqrgHgi% %lfélt ﬁ?sl &ég%é%%*ngﬂg%}é%ﬁgﬂ?ﬁt e transistor

616 is on, its outpu IS also pulled high. s, where the ie input 602
is loaded into Brsigles @ ehtarid) MU Simplementation stgndeobized inighanhersbegiments outputs the
bit stored in thgehisiraagore!! 600. 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 pixel to BORIRBRE AN RA842RY oP8BA"giarrS aRlynaYes v A idalithRaded into the
bit storage celksani¥stiphéhavhehifie-bibck@igaal sdemenhighhndiBp dbtksigndisoeBagiplished by

asserting each bit on the data 30 line 304 and. gssertin Joad line 410 1o, jt.into the first bit
storage cell 2%82\3'\% (rasreé@teagé)séﬁeaé%f gtort—?ﬁ%r‘lng%%sr Gk @%ﬁ‘flﬁgpz}lg‘é égﬁgfﬁ%bcgpt the bit
storage cell 20889, enepsiiingdhe/ioptd 8¢ tethetransislios i@ dpncefs tastransistpr BHAS 200206571

14 July 2005 on its output 619 is also pulled low. Otherwise, if the input 602 is low, then the
transistor 611 is off, allowing the transistor 608 to puli the input 617 to the

15 transistor 610 high. As the transistor 610 is on, its output 619 is also pulled high.
When the clock signal 506B is high and the clock signal 506A is low, transistors
614 and 616 are on. If the output 619 of the transistor 610 is high, then the
transistor 618 is also on, pulling the input 621 to the transistor 616 low. As the
transistor 616 is on, its output 604 is also pulled low. Otherwise, if the output 619

20 of the transistor 610 is low, then the transistor 618 is off, allowing the transistor
614 to pull the input 621 to the transistor 616 high. As the transistor 616 is on, its
output 604 is also pulied high. Thus, where the clock signal 506A is high, the
input 602 is loaded into the bit storage cell 600. When the clock signal 506B is
high, the output 604 outputs the bit stored in the bit storage cell 600.

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 pixel 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.

12



Next, 706 and 708 are performed for each interval of a display period. The bits stored in the bit
storage cells 206 are rotated so that a selected bit is stored in the last bit storage cell 206M (706),
which is then loaded therefrom into the binary optical display element 202 (708). Rotation may be
accomplishedHR/FPRHOHAPAE5H e rotate line 412 for each desired rotation of the1t3fitiu?};%lag the bit
storage cells 206. The selected bit is the bit to be displayed in accordance with a binary-weighted
pulse-width modulation approach, such as the approach 100 of FIG. 1A, the bit-splitting approach 150
of FIG. 1 B, and so on. The number of rotations performed is the number of rotations needed to cause

the selected bitto 1 \’/%g)éwtis,&lg@b@#&}ﬂé@g@g@é&%@&gibp@ a@ﬂérﬁﬁa tAie last bit

storage cell 206M. Color optical display element and display device The optical display element 200

that has been Ritsseiared i thadibeieraamee!ls2 A% rtatehanthaia seledsrbhi imsigse the light to
which 15 it is jneidapsViinSerygeYien 208 NIA708 CificH Rathien 1BaduigRirefrsiminglanent 200 is not

able to on its own change the color of light to which it is incident. FIGs. 8A and 8B, show a color
optical displaybé’I’@Hémt%ab B{agaﬂ?ﬂ'é%féé%féﬁ(&t 5818%&%8\?)@ 8r?3%%'8pgﬁbeﬂ)% ifferent
embodiménts aésbriny/thetimtatEHinedit? foptaah dissiled ebdationtcdd @i biFd @m@AgtiizbY a single

nstantiaton o e Gl 2AISHHY MG L9058 DA AL BISRL R 500

FIG. 8B utilizes a Instantiations of the optical display element 200 equal to the number of

color compondingnyrweighied pulsermigicmediaion appraaas sysh artipapRrarghaP@ieiment 200

includes the birggy QptiRg! pRiSBIRtingG 8p}BLEA03 S er PRMBtiRledib SR pReaiamBsE 804, as have
been 25 described. Light 802 of varying colors is incident to the optical digglay element 200. The

varying colors 'OHOESRRITRIMES i3, 1Be Qmbshehtetatians grRededdnrausadae BRAIRLR! Bor example,
where eal@h inrageefromh G dairera bibstorsigedelistor the bitlstocagensuier2o6 ¢ol tiyzdast, kind blue,
corresponding rtorthe re(gjI %%ﬁp and blue color components of the red, green, and blue (RGB) color
space, the 30 ﬁg%?%% 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 13 HP PDNO 200206571 14 July

2005 Color optical display element and display device
The optical display element 200 that has been described is

monochromatic, in that at any given time, it is able to modulate the light to which

15 it is incident without varying the light's color. That is, the optical display element
200 is not able to on its own change the color of light to which it is incident. FIGs.
8A and 8B show a color optical display element 800 that can display different
colors, however, according to different embodiments of the invention. The color
optical display element 800 in FIG. 8A utilizes a single instantiation of the optical

20 display element 200, whereas the color optical display element 800 in FIG. 8B
utilizes a number of instantiations of the optical display element 200 equal to the
number of color components of the given color space being used.

In FIG. 8A, the optical display element 200 includes the binary optical

display element 202 and the multiple-bit storage element 204, as have been

25 described. Light 802 of varying colors is incident to the optical display element
200. The varying colors correspond to the color components of the given color
space being used. For example, where each image pixel of data can be divided
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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color wheel, or by another approach. Other light components, such as a white light component, may
also be included in the light 802, for instance. When the red light 802R is incident 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 HrarRiOI30920RS Thultiple-bit storage element 204. The bits are the514 wqu to 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 colo GYRROGI LA AdRA NI IS U SHIE L SRS AENE U R4 AR riRaded nto the

binary optical display element’202 as been described IS results in modulated green light 802G’
incident to thelighbeenpongndMak drebadnelsdesinsthe|ight 8R2iHer dpstaacsisplay element 200, the

bits of the intensity veh iletheymissl sdIrRasRIStERMO AN BpAEE! IeRERE ElEhiBAt Podtife-bit storage
15 element 204, and loaded into the bjnary optical display element 202 as has been . described,
ReclRciGai%s Spap g4

resulting in m&&‘a|8féﬂeo'fEF8'?@'m\é%5%f?ﬁé RS 88979 he 'MALRRPEIAORR net effect is
the displa§ of theplayegeapidiebdedhinte e 8QudtipleBiCst8iagih elemient®0kallihe bits asie thent 800

includes an Oqggamﬂé%?‘g?ﬁ%@é@&m% h eqé F%’i ggmgggﬁyg%ﬁ@gﬁveﬁ@olor space 20

being used. For examp color Space, there Is a red optic ement 200R, a

green optical despithisdnadelatetrd light 80BR dnsistri taigpagt 8fheanvbisbaheaifBagR ments 200R,

200G, and 200B dnelydeiediRgBuOmiAaSWAY PR RRR885EG ARMIAAAB trespectively, and
the multiple-bit storage elements 204R, 204G, and 204B, respectively. Red light 802R is 25 incident

to the optical AIBBES) ﬁﬂﬁ’érﬁ'%‘@ﬂ",%QgeWﬁ@jlftséﬁé@i@ﬁﬁ’&?&H@ﬂUqﬁ r.g'\&ii YrsPHR! Blement 200G,
and bluetiight §R2B oiocistenpinéhe arpticat dispiaythel emitipl20Q Btoragebilembtit0demsidy value for
the red color component of the image,. pixel ta be displa re loaded int Jnultigle-bit storage
element 204F§1.°§é) n'r“?%r%/? e hits Bﬁ"{)ﬁﬁﬁ en i?ge\'/é)l lﬁ%@ﬁ%sewp%(es%egrgg%%%%ﬁclj)lﬁﬁégonent are
loaded into théasuitgprenndsieted grelemiight 202G’ ingidenttoitberspat 8t n¥ityen dhecbide the blue color

component argdapgeseMaEadRUERIR Db Rarapikg SIENRIRNGER RS YRS 6F 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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14 July 2005 element 204B. These bits are then loaded into the binary optical display elements 202R,
202G, and 202B, respectively, as has been described in relation to the binary optical display element
202 and the multiple-bit storage element 204. The result is modulated red light 802R’, modulated
green light 80B&RRNR ZBaReEdElated blue light 8028' onto the spot 804 on Which1t£1§ljm?f68§)ixel is to be
displayed, effectively displaying the image pixel on the spot 804. FIG. 9 shows a S|m¥) ifled example of
a display device 900, according to an embodiment of the invention. The display device 900 includes a
number of the color optical display elements 800A, 800B, ..., 800L incident to the light 802, 10 each of

which is an in%ﬁgmgﬂ%qgﬁggfs%%gmg%gltggpigga%lgmﬁgh%%%%§I&)ﬁél[\oqgagy The display device

900 also includes a co that recelves Image m an Image source. The display

device 900 m&jemenise282B: 24 0apha0rR) sespestiveiticshasheenstascribestipNedionich the
modulated light §Q2bf&rfisplR¥edispl BISATERA LB RN ENISIENBI e dhagéeisRlaYy device 900.

That is, the di;play device 900 may be a front-projection or a rear-projection system. As can be

0 ! (
appreciated by #osE6reRhisnadiairrirediighlB R fRptuAiRA e iantS04So AMbude
componests othefulatsdtbresightBoas! omiol heSpopBA6a ehichittenirtagecpbalbis dptbeal display
elements 800 S?ﬁOB 2 .8‘(3)|OIgas has bdﬁ]en.deécnq)%gl g\nctﬂréjg{)lg{lg 4W|th FIGs. 8A and 8B. For

instance, ligh E)SP ﬁeetrjereil gslor 3'/SBIea¥hn Cht to diferent parts of each of the elements 800A, 8008,

..., 800L at the sameRifhe shdiyhtaosithplifathexeoiptaehy displavidenioe M6, @eenedingdo@n, 800B, ...,

800L at differenh HiisiehErSHRI ARG E ApIay dB0fde BDBYHURRISY & RIAMKCOrtRgPONd to a
desired resolution of 25 the display device 900, such as SVGA (800 x 600) resolution, XGA (1024 x

768) resolutiofP'er eptinkiselay fiememsBRPh: $69Bmodu Rl BFitrrbinitg 'éﬁgf)%?/zelements 800A,

8008, ...,1800LeiscHiegaibibkoidhm seseRniibh ddne splecibptdy, dibplaptkahditBag efdfi@nts 800A,
8008, ..., 800L, outpyt, madulated light 802" far display on the correspoRAing scre rtions 902A,
9028, ..., QOZE%BPH% (ji)ﬁn r%'lﬁgiaé%jf \rlﬁ%eygr@ & \'/\?glrlé, 5 v‘v’%ﬁ@%@%&?ﬁé |§%\}o%f% hardware and
software. The icvageotietad@Rbifoeraptimnage saineagEhealisop deviceA0hnay iveluwdRasuch as a

video componggf, &P MAGHPSGh Partldifs BB2A, 9028, . . ., 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, 8008, . . .,

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



HP PDNO 200206571 14 July 2005 controller 904 performs any necessary processing of the image
data 906, such as scaling the data 906 to the resolution of the display device 900, converting the
data 906 to the color space of the display device 900, and so on. The controller 904 also
appropriately HrAEBNRW29657the color intensity values of the image 5 pixels of@gdy ggsdata 906,
such as the bits of the color intensity values of the color components of these image pixels, into the
color optical display elements 800A, 800B, ..., BOOL, as has been described. That is, the controller
loads the bits into the elements 800A, 800B, ..., 800L no more than once for each display period. 10

e o PRI AR By AR NEASEAIER 6 A aeli Yo acRitag e By

the controller , correspond to the resolutior splay device 900, and thus to the color optical
display elemefealsunineszi® 906 to Jupresohionpfithe display daviae 908oocanventiag thegooL is thus

responsible fergispiamioeha Bdisrepheserahi @ishns) usVitronnadRdiasoR06 Heasdhalaent 15 800A,
800B, ..., 800L may have a single instantiation of the optical display element 200 that displays all the

color compon@l AFRARPRRRAIENIPAR s Bt RY 1Be RIS ANERSE Yl EREdFA%eimage pixel

where thesdisplixglsiefine Piflis datnoobysuvhtias Altebitatbiche esioh intensitytvalss, GFabe, ..., 800L

h ' jati ical di | t j [l th |
components o0t conHaR RS 2 el bea R e B L By SRR, o il
constructing tR9@fsH80Bdevic8UNo agdrasdiagnessirngodihatis.dheneomieliaidaadstban be

appreciated byiiase MEURMRHMSEBONIBEDEE arteli Metherk RS HRLdBEsRiaRpAPd/Or acts
other than those depicted in FIG. 10. First, a number of optical display 25 elements 800A, 8008, ...,

8001, correspBﬁEi to the resolution of the display device 900, are provided (1002). This can include
providing@n equal oTBEgAgHebIRARHhE fRiYE aRSI0B! e Piag Hayetisebniscatedeiadient 202
(1004), and a number of instantiations,of the muyltiple-bit storage element 20 ual.to the number of
instantiations 89&: reSBﬁ]caerf%rb\f?c%?ém%s‘ég? 8?5%%‘?\ 5 42 ??68%5;%)§§ gpg’{,?d}%%#}{%%@{;%ﬁaﬂons of the
multiple-bit stalisptay kenioet 30 and fhigiiodhp renllingtisalrdispimoaiemests & PBBihe bit storage

cells 206, the caifp! celchGptical display element 800A, 8008, . . ., 800L is thus responsible
for displaying a different one of the pixels of the image data 906. Each element

15 800A, 8008, . . ., 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, . . ., 800I, 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



HP PDNO 200206571 14July 2005 402, and/or the mirror storage cell 502. The controller 904 is also
provided (1008). Where the display device 900 is monochromatic, there may be one instantiation of
the binary optical display element 202 and one instantiation of the 5 multiple-bit storage element 204
for each of the-iBFRND 809pAEH7dlements B00A, 800B, ..., 800L. Where the diSplfle %—ivigso%oo is color,
there may still be one instantiation of the binary optical display element 202 and onginstantiation of
the multiple-bit storage element 204 for each of the optical display elements 800A, 800B, ..., 800L,
corresponding to the color optical display element 800 of the 10 embodiment of FIG. 8A. Alternatively,

where the disaigy, SRUE HAHIRHGR ordge anab D rRBSHIRIBIION 8 1ai36 piBdegnical dispiay

element 202 and one instantiation o multiple-bit storage element 204 in" each of the optical
display elemdif08b0A, 800B, ..., 800L, for every color component of the color space of the display

device 900, correspangiig fﬁé*&ﬁsﬁ@?ﬂ@?ﬂﬁ@@ﬁﬁ@'%ﬁ&m&@tﬂ%réfiﬂﬁ? sendidiment of FIG. 8B.
Conclusion 1t is noted that, although sgsé;fi:gﬁémﬁmdiments g%ve been iIIustg%gg_d and scribed

horein. it will HESERVRIRNSS Be Bivey SPIaK FIEMRBt 42 ANGe e lhS culated to
achieve ttfe samudtipleqbitstorage etesudritR0tefbf@azb df thepeptifial alispltayielenterdb BABAT his

application is i edt en i [F2)eTa] i ion.JJherefore, it is
manifestly intgégg?j'thé%t?gg "|n@ﬁn%?rﬁ@l%ﬁ@%ﬂ%b%?ﬁ%ﬁggﬁm\%@%&%greof. 17 14

July 2005 Weirgtantiation eidbecainaraaiicaedinaiay-elemestP2anthane Histaatiatian &f R ment; and,

5 a multiple-bikRigEeD e 561856 DI&tRsRt 204 fEPEaEH bitthelopeiPakprISEKNYaNe §002¢ displayed by
the binary optical display element during a display period, each bit loaded frorghgue multiple-bit

storage eleme®9o theqgﬂhrWHSﬁBQPHFEEI%tgfeﬁ?é?{t%‘@%rqiﬁB@tm% #Hd®splay period to

achieve 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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10 the color intensity value, and the multiple-bit storage element having a number of bit storage cells
equal to the number of bits of the color intensity value. 2. The optical display element of claim 1,
wherein the multiple-bit storage 15 element further comprises a mirror storage cell connected to the
binary optical display element. 3. The optical display element of claim 1, Wherem %&Wer of bit
storage cellgyargigikgularly interconnected. 20 4. The optical display element of clai , wherein the
multiple-bit storage element further comprises a control cell having a load line that is asserted to load
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 adveapirad diseiay #lememhbempfiping:25 among the number of bit storage cells. 5.

The optical display glemepbaficiatnFaybRiaina siesest bit storage cell of the number of bit storage
cells to the binary optical display element stores a bit of the number of bits of the color intensity value

to be lodded next irtSHES R SRER NGRS RIE A SHMBACA L B8 AOIMHRIEGENY s are rotated
among the nalmbder bé disgkayad d\ctiks imayl eptitaé disptayoad oeade durant andcspirey binary optical display
element. 6. Iaﬁcgptical display element of claim 1, wherein one of the number of bits 35 of the color
intensity value is loaded from the multiple-bit storage element into the binary optical display element

during each intervaf8ftHd HaARM TuT g TOUiRlE-RASIORIS SeTRBIGNEALHEIEY element of claim 6,
wherein the opssspdiepkhedksmay operidenisra imdtpleratthe display petietsvidrady two to the power
of the number of hits.of the. colgr intensity value minus one. 5 8. The optical display element of claim 6,
Wherei%Heac%%ifcllﬂsoﬁjﬁ{ ed I%%%H%’ binary optical display element a number of times based on a
significance of the ¥idrélatvetipletricstorape elamersvbigsnURPebRIMmi&asgeRalre. 9. The optical

display elemegqiiphekpemBmvbeseintther menebryr altbitsi9fthge 10 color intensity value are loaded into
the binary optical display element in accordance with a binary-weighted pulse-width modulation

approach.
2. The optical display element of claim 1, wherein the multiple-bit storage

15 element further comprises a mirror storage cell connected to the binary optical

display element.

3. The optical display element of claim 1, wherein the number of bit storage
cells are circularly interconnected.

20
4, The optical display element of claim 3, wherein the multiple-bit storage
element further comprises a control cell having a load line that is asserted to load
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

25 among the number of bit storage cells.

5. The optical display element of claim 3, wherein a closest bit storage cell
of the number of bit storage cells to the binary optical display element stores a bit
of the number of bits of the color intensity value to be loaded next into the binary
30 optical display element, such that the number of bits are rotated among the
number of bit storage cells to select the bit to be loaded next into the binary

optical display element.
6. The optical display element of claim 1, wherein one of the number of bits
35 of 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.
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10. The optical display element of claim 8, wherein the number of bits of the color intensity value are
loaded into the binary optical display element in 15 accordance with a bit-splitting binary-weighted
pulse-width modulation approach. 11. The optical display element of claim 1, wherein the number of
bits of the color intensity value are serially loaded into the multiple-bit storage ellgr\nﬁytzo?o(% 12. The
optical display elemgit gtilaianshlayhasaiariher Rinmnsontiesdidigalteplems thésdsplay
micro-electrorgreé: asnailcal . |El\g} t‘?]%"écsew&s' g’rhoe 0 tigal ckiigla&; eI%ment %fr %I irr]n 1, wherein the binary
optical displgy ‘Sfeménts 'ggiglta microminor djevll\(/:'ee(?) ‘5\' tg £ Rhe op iCAT display element of
claim 1, whetembgeobptisaf dieptalorantensity kakie imegsaree circuit (IC). 15. An optical display element
comprising: 30 a binary optical display element; and, means for storing a number of bits of a color

intensity value to be displayed by the binary optical display element without loading the number of bits
thereintd mdte thanTBﬁ&g%%ﬂiH&é%‘l%‘?&?ﬁﬂiﬂ@a?m@ §RSAHY A RSP Bt S orage cells
equal to the hqmbmpﬁéﬁitﬁgpfatheledenﬁateumt}ewafum%bbgbdlmwglﬂmﬂnté.oThmpptical display
element of clgim, da, MASIRIB BEABGRASHRE GAREDt 1RaLBiI6RFRPLiRS JhR Qumber of bits of the color

intensity value into the binary optical display element at least once during the display period. 5 17.
The optical display element of claim 15, wherein the means selectively loads each bit of the number of
bits of the caor intensitypirRisialisttaihadirmnoiapsioabdishiayietameninadionbier efttimes based on a

signifiegce of hebit RIaf o ethereh e, IMASL O S5 colaL intenafy value. 10 18, The
optical display element of claim'15, wherein the binary optical display element is at least one of: a
micro-electrGeReEAARTEAN TN E RiNdewRichiRH P HisftalicihicreiiaBetiaRriegehviD). 19. A color optical

display element comprising: 15 a plurality of binary optical display elements corresponding to color
Components o & Cgl R G e N o 2l B AR (R Fimber b o the
color intensity value are loaded into the binary optical display element in

15 accordance with a bit-splitting binary-weighted pulse-width modulation approach.

11. The optical display element of claim 1, wherein the number of bits of the

color intensity value are serially loaded into the multiple-bit storage element.

20 12. The optical display element of claim 1, wherein the binary optical display

element is a micro-electromechanical (MEM) device.

13. The optical display element of claim 1, wherein the binary optical display
element is a digital micromirror device (DMD).

25
14. The optical display element of claim 1, wherein the optical display

element is an integrated circuit (IC).

15. An optical display element comprising:
30 a binary optical display element; and,
means for storing a number of bits of a color intensity value to be
displayed by the binary optical display element without loading the number of bits
thereinto more than once during a display period, the means having a number of
bit storage cells equal to the number of bits of the color intensity value.
35
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a plurality of multiple-bit storage elements, each multiple-bit storage element corresponding to one of
the plurality of binary optical display elements and storing a number of bits of an intensity value of a
different color component 20 of the color to be displayed by the color optical display element during a
display period, each bit stored by each multiple-bit storage element loaded froq14t[]8| rgblbt?ole-bit
storage element inmr@ﬂﬁ)@ééh@isﬁdléi&aétﬁrﬁérlﬁiBﬁEYaQﬁti(B,ik/ﬂiéféﬂytr@%@aﬁﬁSsdw@ﬂgeﬂbg isplay period to
achieve the Folgr, 25 whgr?in each bit of gie number of biEs of each mult(i)pllg-l?)it storage elementis

. 0a sfe%ch ql 0 tpe %m er of bits or ensi ue inta't In
loaded into one of thé plurality” or binary optica

€ Golor | v r .

|sp(iay elEments €(afurlng zachntenval of the display
period equalo@ieahfliftitiy eferthentigplegspeniesiddividdoetslispleytoetiedpower of the number of bits of the
intensity value minus one. 30 20. The optical display element of claim 19, wherein each bit of the
number of bits of each multiple-bit storage element is loaded into one of the glu,raliﬁ/ of binary optical

display Blemefits a R ARNCEY HRRkY H R P L AR RN RE B BERRERETENer of the number
of bits of theldaigneiyh/ailus. 186 ligutiet dLbit200Hhe2bldrhetemtitaValisplatp ¢herbawatryf claim 19, wherein

each binary gpfical fisplay elemay i AblGastRne Yad MEH A SIGTHOMESRRIEAN{MEM) device and a

digital micromirror devicé (DMD). 5 22. The optical display element of claim 19, wherein the color
components'8@iKe ©dtEiaodhE8ispaYRUB PR THR FEIRTiEHPBRYIX? efement are red, green, and blue.
23. A display device comprising: 10 a plurality of binary optical display elements; and, a multiple-bit

storage element for.each binar, tical di lements to store a number of bits of a color intensity
vl o e g AT BB LRI SIS S e S B DR acing he
number of bR tircahRATHRD RIS RAIGEO HIesEND aeH AR G MMIEe dRMiRyaRd R PIaladeriod, the

multiple 15 hifisteragerelemanDmping a number of bit storage cells equal to the number of

19. A color optical display element comprising:
15 a plurality of binary optical display elements corresponding to color
components of a color to be displayed by the color optical display element; and,
a plurality of multiple-bit storage elements, each multiple-bit storage
element corresponding to one of the plurality of binary optical display elements
and storing a number of bits of an intensity value of a different color component
20  of the color to be displayed by the color optical display element during a display
period,
each bit stored by each multiple-bit storage element loaded from the
multiple-bit storage element into one of the plurality of binary optical display
elements during the display period to achieve the color,
25 wherein each bit of the number of bits of each multiple-bit storage
element is loaded into one of the plurality of binary optical display elements
during each interval of the display period equal to a multiple of the display period

divided by two to the power of the number of bits of the intensity value minus

one.

30
20. The optical display element of claim 19, wherein each bit of the number of
bits of each multiple-bit storage element is loaded into one of the plurality of
binary optical display elements a number of times based on a significance of the
bit relative to other of the number of bits of the intensity value.

35
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bits of the color intensity value. 24. The display device of claim 23, wherein the plurality of binary

optical display components corresponds to a plurality of image pixels to be displayed 20 thereby,

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. 25. The display device of claim 23, wherein a pllfgpjéﬁy oj&gor image
or

pixels to be gisplaye® bytiba plusaiterhdnasy @aticabdisptayicANORARES Ganl responds to a
number of the plurality of hinary, optjcal display components, includi inary optical display
component t(gsg)lsaﬁﬂg)l/g{enaeéﬁ 8% g IS usr{a(ﬁrt‘)? S 'c%f{c}'rcrgbe[ri?p%ﬁ% %hgp { ae’?:%,%r rﬂag\égep%?e ,asuch that each
multiple-bit sligritaienedeaméiner sieyies (R&BUmMber of bits of a color intensity value of one color
component of one of the plurality of color image pixels. 30 26. The display device of claim 23, wherein
each multiple-bit storage element selectively loads each bit of the number of bits of the color intensity

value info a 4finary Bl5ticRI AL HIsR V& RaRL iR Ade MIFAL thE EAYIS)BRARAESD 7. The display
device of claime 28lontodveidigaayerhbitihle dutostoptical disptesntcsedative lietbapisemaahdit of the number
of bits of theygglor intensity value into a 19d 14 July 2005 binary optical display element a number of
times based on a significance of the bit relative to other of the number of bits of the color intensity
value. 28. The display device of claim 23, wherein each binary optical display 5 element is at least one
of: a micro-epactromegiplaigae(ME MYnieidaeyand a digital micromirror device (DMD). 29. A method

comprising: during each gf a plurality of. disp eriod intervals of a display period, 10 rotating a
numbeJ?H;f bits of a% 3@#}%%&%@%&8@%@ s(%%%yiﬁ?gwegzslja%nr?fjmbe_r of circularly interconnected bit
storage cells among fidtilgritiesterageopiaieest fier sea¢hdrrpserititer] disReyElespEsEd by a binary

optical displayorelamanibi BierisiarBRraddniapalireSpsrdingeiven bibetaraas eall of the number
of bit storag cerIiIS' and, 15 Ioald'n%{the Felected. itfmmaéihe sr(]alecte bit tg{a e ot Il into the binary
optical displ é&%‘@ﬁ‘%’%ﬁ'&ﬁa‘i}s DSRIERY IR HRE Ay gEHGEe" O Pits Thto the

multiple-bit storage element more than once during a display period, the multiple-
15 bit storage element having a number of bit storage cells equal to the number of

bits of the color intensity value.

24, The display device of claim 23, wherein the plurality of binary optical
display components corresponds to a plurality of image pixels to be displayed
20 thereby, 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.

25. The display device of claim 23, wherein a plurality of color image pixels to
be displayed by the plurality of binary optical display components each

25  corresponds to a number of the plurality of binary optical display components,
including a 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.

30
26. The display device of claim 23, wherein each multiple-bit storage element
selectively loads each bit of the number of bits of the color intensity value into a

binary optical display element at least once during the display period.

35 27. The display device of claim 23, wherein each multiple-bit storage element

selectively loads each bit of the number of bits of the color intensity value into a
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interval. 30. The method of claim 29, further initially comprising serially loading the 20 number of bits
of the color intensity value into the number of bit storage cells. 31. The method of claim 30, wherein
serially loading the number of bits into the number of bit storage cells comprises, for each bit to be
loaded, asserting the bit on a data line and asserting a load line to load the bit i]’ht‘a Iﬁ?bglt storage

25 cell of theymamlsriehiispRragerelsadumide snathed nisclaion 3%igwirRgiog ofaleg the number of

bits of the c%lrt)r in{ensit alue 33 stored in the number of bit storage cells comprises asserting a
. I r?la ve tﬁ/cg}/her of the nym er, ? bits o?\ € CQ %r{n ensi vet ue. .
rotate line once for each desired rotation of the number of bits among the number 30 of bit storage

cells. 33. The method of claim 29, wherein rotating the number of bits of the color intensity value as

stored in thexaumbet,af PibRIP RIS ERIIT AMPE SERLRIRAIE NSn AN BBEEATRifs stored in the number
of bit storage cells so that the selected hit 35 to be displayed tﬁéthe binaréé)[gtical dis%)lay element in

the disptay pefioghie AldPast Qe ded YOS REmEGhA e iR ARIE &N R dWdth modulation

approach. 19s&ctdniiuiyr 2806e3DMIe method of claim 29, wherein rotating the number of bits of the
color intensity value as stored in the number of bit storage cells comprises rotating the number of bits
as stored in the number of bit storage cells so that the selected bit 5 to be displayed by the binary
optical displ&yelenfeREHN R oMPIig Beriod interval is selected in accordance with a bit-splitting
binary-weighted putseingdticmotuisticnigppideshy eridonatros conptisprgy dérptyviding a plurality of
binary pptical display elements for each of one.or .more of at least one color ¢ onent of each of a
pluralit)gét))f image pixels; aﬁgt%tﬁggo%fmr@ gﬁﬂ?ﬁgST&tCSjSFé@S”e%éyn%’S‘#{efSF esg%rr%%ﬁé"r?/ optical display
element to sesteabNMIMBEPiHTiSIAEY NtRIRTPRSRSIt)ILElIRIadsT erdscrnEbitp BHBRESPthe binary optical

e e sy
multiple-pIt stprage eliement INto e pinary optical display element one or more_umes auring a displa
Deriod to achEVETHE LSS SRIan eSS R R L B AR sleragRERb oS Y

number of bit storage cells; and,
15 loading the selected bit from the selected bit storage cell into the
binary optical display element to display the selected bit in the display period

interval.

30. The method of claim 29, further initially comprising serially loading the

20  number of bits of the color intensity value into the number of bit storage cells.

31. The method of claim 30, wherein serially loading the number of bits into
the number of bit storage cells comprises, for each bit to be loaded, asserting the
bit on a data line and asserting a load line to load the bit into a first bit storage

25  cell of the number of bit storage cells.

32. The method of claim 29, wherein rotating the number of bits of the color
intensity value as stored in the number of bit storage cells comprises asserting a
rotate line once for each desired rotation of the number of bits among the number

30 of bit storage cells.

33. The method of claim 29, wherein rotating the number of bits of the color
intensity value as stored in the number of bit storage cells comprises rotating the
number of bits as stored in the number of bit storage cells so that the selected bit
35 to be displayed by the binary optical display element in the display period interval
is selected in accordance with a binary-weighted pulse-width modulation
approach.
19%e



number of bit storage cells equal to the number of bits of the color intensity value. 20 36. The method
of claim 35, wherein providing the plurality of binary optical display elements comprises providing a
plurality of binary optical display elements for each of a plurality of monochromatic image pixels. 37.
The method of claim 35, wherein providing the plurality of binary optical 25 disqlzgdyu%l/%sgts
comprises providing a plurality of binary optical display elements for each of a red color component, a

green color cgmponent, and lue.color component of each of the plurality. of image pixels. 38. The
method of cI%?lm 35%%@%%0%;&?&%% éWr%S%bqé%ﬁt'gl%ﬁa%g Be re(r)npgﬁ? Jﬁré%c Enary optical
display elematarieihel e aspsisesrdn bestwneesof pittikirgs £ehrramporegeatalingieected to the

binaW_OptiC%ﬁ%ﬁfé@Mf Si@rH_%Eb%QﬂinRHéVM%@_ SPBﬁrQicﬁ'ﬁHé‘ééﬂi@%@t}%@HE‘%ﬁB&E@ ggserted to load a
next bit _of the number of bits of the color mtensgl%/l value into the multiple-bit storg%e 35 element and a

|
rotate life thi%t 7€ JSRRES R FORRIY ABTGREY I 'BS 'SMBAY RS QiHBYPSH Bt WEFR4Ge cells of the

multiple-bit stosalgeteteimantoi@ince with a bit-splitting binary-weighted pulse-width

modulation approach.

35. A method comprising:

10 providing a plurality of binary optical display elements for each of one or
more of at least one color component of each of a plurality of image pixels; and,

providing a multiple-bit storage element for each binary optical display

element to store a number of bits of a color intensity value of the color
component of the binary optical display element to be displayed by the binary

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

number of bit storage cells equal to the number of bits of the color intensity value.

20 36. The method of claim 35, wherein providing the plurality of binary optical
display elements comprises providing a plurality of binary optical display

elements for each of a plurality of monochromatic image pixels.

37. The method of claim 35, wherein providing the plurality of binary optical
25 display elements comprises providing a plurality of binary optical display
elements for each of a red color component, a green color component, and a

blue color component of each of the plurality of image pixels.

38. The method of claim 35, wherein providing the multiple-bit storage
30 element for each binary optical display element further comprises at least one of:
providing a mirror storage cell connected to the binary optical display
element; and,
providing a control cell having a load line that is asserted to load a next bit
of the number of bits of the color intensity value into the multiple-bit storage
35 element and a rotate line that is asserted to rotate the number of bits among the

number of bit storage cells of the multiple-bit storage element.
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