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GRAY SCALE ELECTRI C CHARGE- ACCUMULATI NG SPATI AL LI GHT
WOBTMSICR Techni cal Field [0001] The present PCT/US2007/012959
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control 6f g%lsbh.ﬁﬁplﬁyé satals dhddumthgl el ivdiv(idedMpixet vdiiigest agtically by analog
nodul . ation. ( . MW schenmes entail applying to the
modulatnqnqcaﬁbdnacryﬂg{ngr%dg@%spl ay a vol tage pul se that i s of
fixed anplitude and variable tenporal width (i.
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e entire frame duration, correspondin
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increasingly uses digital modulation methods.
[0004] Digital modulation methods usually take the form of either pulse width modulation

(PWM) or duty factor modulation (DFM). PWM schemes entail applying to the liquid crystal
microdisplay a voltage pulse that is of fixed amplitude and variable temporal width (i.e.,
duration). The variable width typically ranges from zero to the entire frame duration,
corresponding to gray levels from zero to full-scale. Ideally, DFM has the same net integrated
duration as does PWM, but it uses one or more pulses of fixed scaled duration to achieve this.
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presented one after the other fromthe begi nning of
the frame period to the end of the frane period. For
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of the phosphor after the dwell tine on each pi xel
w@omrnediss t he duration of the pixel Iight. PCT/US2007/012959

Correspondingly, the CRT image or the wite light is

i ncident on the OASLMLO so that it changes the out put

of the OASLM 10 in the formof light reflection (or

transm ssion) changes. Due to the raster scan nature

in which CRT i mges are forned, the voltage signal
is a senduBQiroblérrﬁ@P'nh@ﬁeﬂr@ tﬁhﬁurhbernsprYerItesemm&Bt eshedeviedorsmdgto attempt to
correct rPﬁdB%‘T ?%tygsH% adne R %r%hggg@‘%% %erttawearfbe'?no%?cc@r\ﬂem require
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vol une and f oot t d
[0006] SumTAnyOASvag@]pHﬁ)g%%gg&ﬂﬁ%g{r%%fﬂ she %x(%?gg‘é‘\?@% B Fig. 1 s a
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photorecsptiveclagel 14 okt atgsesb &tredmbdlthh@l@rdpassghﬁ r@ﬁﬁjl‘@i‘é pul ses.
[00101I n accordance with another exenplary enbodi ment
is provided an optical wite valve that jncludes
007] el ectfoo-popiettion We%%%%ﬁ@uwéf?fﬁﬂﬁ’&f%ﬁsﬁelw'th an optical signal

or |magé ‘#’Ff‘tZ' 98 rafng aeéLﬁFétriiIQ @R4ilabid Qr)b%otloﬁ systéhi 3 Guwbizh input images

rranged I n optical comuni Ca{&?z
are form@ple@( ,egga@B{q @acaf%lummcedn tteirrbﬁ 13% Ithec%ﬂsferé 8f cathode-ray tube
(CRT) 3ZEaRd yrt\enT hee Ql@h&fdbﬁddebntbSthadya*pﬂenécduwengayar fo:famsw 10 by optical
componglggéer{l} aawj%/ ng ccaé :b%(c;g %' nugy ée{lYer?s%BXei g?tglc\‘aé/{o?% ﬁbéfcf‘lﬁ’éally CRT 32
operate0p$ boahpwrimbge walince, pradmplm taepnmﬁempgg(émat|1%gap$fgﬁed through a lens

34 onto ‘?1%1 })ﬁgtglsec%:at&g)fagﬂa“ %esgﬁgu@l 56 at e B%to%@Etuﬂé‘ pH&@ss carried out in

es, to nodul ate t
OASLMs@uHGééS ite) spetis ichanges @f t tt'ﬁ@e‘it'ioﬁ‘e@r 4gh WW‘??{%‘ in a transmission

mode °‘S§ﬂé§?ﬁ§§cdgfthé tfélé&rlol-ct)%’cr@bt ﬂ@maa(@gamphluecdystbooa@)rlqﬁ the OASLM 10.
W ot her
he S BRSPS RE R B BradR PRI EAP S B ab Booeppps v =

condens®lgns 40 apd g reflectenchypelsrizogbeter spidadadifer lnmdence on the OASLM
10, wherg Sn'tt {sur(%ﬂtolcjglgf‘ect gpatlally in real time, reflected back through the polarizing beam

splitter 36 and finally projected onto the screen by a projection lens 42. (The P polarized
component of the read light propagates through condenser lens 40 and passes straight through
the polarizing beam splitter 36 and is lost.) In this case, the optical signal propagating from the
CRT 32 to the OASLM 10 is essentially of analog character. As a CRT pixel region is
addressed, the CRT beam current is adjusted to control the pixel brightness. The pixel phosphor

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



performactions directed toward emtting optical wite
light, and those actions include, within a frane:
wapprging a selected wite cell voltage at a pP&EDS2007/012959
| ocation of an optical wite valve; after the WO
2007/ 143105PC T/ US2007/ 012959 pi xel |ocation achieves
an optically stable state, illumnating the pixel
| ocation with a nodulated |ight source pulse so as to
emt fromthe pixel location a wite |ight pulse;
light. Theddérﬁsfehag of e pHdsbiod afghtthepdivel titne @n empnxelewqyobtth@ uration of
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€sé an aspects of the |nvent|on

that is appieditd e ttasisoarent elecisadas 6 pRd 1 9haf§re§é1° %%Eﬁ”est‘h%ﬁa”ds of time

per secor‘?é the Drawings: [O0013]Fig. 1 is a diagramof a prior
art optically addressed spatial |ight nodul ator that
i ncludes an electro-optic material |ayer and a

{0008} Eggﬁiﬁﬁlﬁﬁﬁhﬁ%\ég Witk CORTUSIfars e maly Hiagdvantages, including a high

degree of paplifig é;&g&pegfcaé gé\f}\?aro fied g@&fn%régaé ﬁarg f){?ﬁ:ﬁé &Y footprint, and

operatindidisohigatvetlage.t h an optically addr essed spat| al |ight
nmodul ator. [0015]Fig. 3 is a set of timng diagrams
showi ng nodul ati on characteristics of a spatial |ight

Summarygpdul at or working in a charge accunul ati ng node and

[0009] adgg %%é&?laﬁé‘gé Q/ltﬂ' cfrfeeé%}hplafypémbbdlme’mds @rdviderce atmethbd eof optically
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selected write cell voltage is applied at a pixel location of an optlcal write valve; after the plxel
location is at an optically stable state, the pixel location is illuminated with a modulated light
source pulse so as to emit from the pixel location a write light pulse; and the write light pulse is
directed to a localized portion of an electro-optic layer of an optical read light valve. Still within
the frame, the above elements of applying, illuminating and directing are sequentially repeated

for a plurality of selected write cell voltages and modulated light source pulses.

[0010] In accordance with another exemplary embodiment is provided an optical write
valve that includes an electro-optic layer, a backplane defining pixel locations of the electro-
optic layer, a light source arranged in optical communication with the electro-optical layer, and a
controller coupled to a merﬁory. The controller is adapted during a frame to sequentially and
discontinuously apply a plurality of selected write cell voltages at a pixel location of an optical
write valve, and after the pixel location achieves an optically stable state for each of the applied
write cell voltages, to modulate the light source in accordance with the times at which the

selected write cell voltages are applied.

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

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



[0016]Fig. 4 is simlar to Fig. 3, but where the two
addressing pul ses are integrated together at the sane
wo omat#nns of the spatial |ight nodul ator. [O001F¢FUS2005012959
is a sinplified bl ock diagram of an optically
addressed spatial |ight nmodul ator systemin which
digital nodulation is carried out to achieve a |ight
out put characterized by substantially nonotonic gray
scal e response. [0018]Fig. 6°is a set of graphs
pixel locaﬁlﬁﬁvﬁcﬂﬂavbe anf distichyssthble dtaealliubirgiting tioe yitehlocautivr aje a modulated
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[0020]Fig. 8 is a set of timng diagrans associated

with gray scale nodul ati on of a
[0012] | T mﬁ‘aaﬂ@ethmrtaﬁp%fﬁaefeweafb‘éﬁnﬁ'of‘ .a@%%mﬁég'ow F’chu'a“ty
di fferent pulse widths. [0021]Fig. 9 is a logic

circuit diagramof a digital backplane pixel circuit
conposed of a
Brief Description of the Drawings:

{0013] Fig. 1 is a diagram of a prior art optically addressed spatial light modulator that

" includes an electro-optic material layer and a photosensitive semiconductor material layer.

[0014] Fig. 2 is a diagram of a prior art projection system composed of a cathode-ray tube
optically associated with an optically addressed spatial light modulator.

{0015] Fig. 3 is a set of timing diagrams showing modulation characteristics of a spatial
light modﬁlator working in a charge accumulating mode and addressed with different amplitude
and different pulse width optical pulses, each illuminating different locations of the read valve
spatial light modulator.

[0016] Fig. 4 is similar to Fig. 3, but where the two addressing puises are integrated

together at the same location of the spatial light modulator.

[0017] Fig. 5is a simplified block diagram of an optically addressed spatial light modulator
system in which digital modulation is carried out to achieve a light output characterized by

substantially monotonic gray scale response.

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

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



wite data latch and a read data latch. [0022]Fig. 10

is a graph showi ng | ocal photoreceptor voltages
Wee@duenos by LCOS binary- weighted illum nati orCpUbz67/012959

wi dths for the case in which the gray scale data

packet is (1111111111). [0023]Fig. 11 is a sumary

timng di agram show ng the nodul ation waveforns for

one pixel of an LCOS device and its corresponding

pi xel | ocation on an associ ated spatial |ight

modul ator. [0024]Fig. 12 is a graph of a measured

rey- ' i
o021 poRiaBinEaRt B PRI P rHeohRLaS oRaR T Aiqtion of an LCOS
microdisl@P A6infaged BBhispacet-G@rt ight pulsed iviithedifféreahpuisrwidirs.
Figure 12 to fit the data to the desired response
shape. [0026] Fig. 14 is a flow di agram outl i ni nr% .
po21]  mefliod St eoic siradt siegeame ©f i SitalbaskeiRppRiyel circuit composed of a
write dat?'@&%ﬁ@ﬂtreéﬁ dhtdgatcAvention. Detailed Description
0027] Enbodi nents digitally nodul ate the el ectro
optical elenents in wite valve SLMw th

[0022] Fig. 10 is a graph showing local photoreceptor voltages produced by LCOS binary-
weighted illumination pulse widths for the case in which the gray scale data packet is
(1111111111).

{0023] Fig. 11 is a summary timing diagram showing the modulation waveforms for one
pixel of an LCOS device and its corresponding pixel location on an associated spatial light

modulator.

[0024] Fig. 12 is a graph of a measured grey-scale transfer function or EO curve showing
non-monotonic jumps between the MSB and MSB-1 bits.

[0025] Fig. 13 is an EO-curve modified from that of Figure 12 to fit the data to the desired

response shape.

[0026] Fig. 14 is a flow diagram outlining method steps in accordance with an exemplary
embodiment of the invention.

Detailed Description
[0027] Embodiments digitally modulate the electro optical elements in write valve SLM with

a frequency corresponding to the product of the read valve OASLM frame, the number of gray
scale bits for each read valve OASLM image and the number read valve OASLMs addressed
by the write valve spatial light modulator. Also, an alternating polarity voltage square wave
signal is applied across the photoreceptor layer and liquid crystal layer sandwich of the read
valve OASLM with frequency, about 100 times per second, of the output of the readout. The
ratio of capacitance per unit area of the photoreceptor and of the liquid crystal determines the
ratio of the voltage signal developed cross each layer of the read valve. The initial voltage
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drawback$ antpdsabiqredpt AR T Wléﬁ)@qrp%éﬁef 2} hehey amratec?vamo tages, occupy

small sgRESS bﬁé @Jhl&thﬁlgﬂué@é)rhetHQWnéantyl @lovigdver,r eag still haye features that

vt e o B85 55 SR BB gimr o
shown nﬁ Gyl 2| QTQ(Sé>@h1;ﬂé rayaE(J acay draygbe limited in bnghtness ln array size, in

res°'”“°8t‘ﬂ’er|eqi“% S‘% arfq-"rg%]r ANS| s%@éﬁe}haﬁ Oé)d% #g‘tg& ?Eﬂ? Ig g}%nal device

that canopetatefin phieedvidihtracdkgativot reade o oreate Bray TRIP W\SPP%SQ Note however
that the E&‘éﬁ% tdrhéhtatian ddtBfdd 9&@\5/% @naxeh Py @niRERHentQsF Gkdhvention and
gpaces and exhi bit high geonetric linearity.
not a llﬂmmﬁ‘\erett?hey still have features that prevent them
from bei ng used as an anal og image source in a

{0029] ggg%[sgrrmagghg %QM 5{’,"“%-2&92% ezefj anc? {Qgrat I@Q't:g?l‘th% taﬁgrgénate wavelength
on the phot@gcaitive,layer predotast 2 charge s@@mtm winigh ﬁ@chiar"ﬁ@feasﬁ%the voltage
£ HeC t
across tb%ﬁug%@g%gﬁg%eﬁ e %@g&@%o&éh&dsaﬁérg? %’gﬁértﬁaggn Gk YHeC Bhotoreceptor
upon a vriegeacrss)it sesliavid é@ﬁéﬁ’qs’ﬂée OB C AR ATEHA I 195Je each arey
scale dét%l%ﬁ@&t adivenedahdl & ado REhewsibrsal Qiﬂra@xtﬁlmblﬁ'r)ems in the liquid crystal

oot SRR e i R Rl heod L 8L ey of o sty

voltage |s[@ﬂa<lj¢§1thémgmi; thé lighie a‘pﬂebpoltageelsvmmellmtgahd(mnEWellgh’( integration
Qe c Bn polarity ch
period e BRI PHeY Tuies HEREuF AARI I8ISRER! BiRPh polarty changes
is to setcthy<DASLMDudtage sigral &f fesevolis an@dbnmnz@ta tbﬁ@hg@receptor “with the write
h B hbREe R UREEPERE liGRE Rt QbkAGE acr 0ss

||ghtfori§ﬂfa%§%§riglotabl}l 3’ cry%t al , tohiﬁf)wo d(?mrreng?onal array of

wite light for each grey scale data plane is
[0030] COﬁM@BFgﬁQI inBEGaton ¥enathaTedsd iosralentailsdayuroihatimg frenghotgreceptor with a
series fCpHeRnigf 1R BeprativosLoTd WP PR THAEE @ &ggtons or ne
intensitigs|dfabe paisgaalightsmebenged theiheokitiqus dn g Siaae Oéillftdagemb'”e when

isinitialized and a new light integration period is

started. One nethod to initialize the liquid crystal

vol tage in between polarity ehanges is to set the

OASLM vol tage signal to zero volts and illum nate the

phot oreceptor with the wite light for discharging

bot h photoreceptor voltage and liquid crystal voltage.

[ 0030] The digital nodul ation schene used here entails

illum nating the photoreceptor with a series of pul sed

[ ght | nmages propagatl ng from a wite vaI ve, | n whi ch

L o I



WO 2007/ 143105PCT/ US2007/ 012959 properly adjusted as
taught herein, to produce nonotonic voltages across
wo b@7hixed d crystal. The wite |ight origi nat eBCT/D8S00H012959
light emtting diode (LED) or other anplitude
controlled or swtched |light source. If the wite
light source is swtched on and off, then the timng
of the wite light pulses is controlled such that they
are emtted only when the associated wite valve is in
properly a%ijhs@&! b§ 8dught Abletn, 30 @t@lucb fmdrfotonie vbladesgitrossabe diquid srystal. The

write Ilghwnrgﬂréatﬁ gﬂcon r?t]l ﬁlrﬁ gg cgode ﬁ't%%)l ++r (ﬁﬁ? %Fl’lta{ij%gegttra%d or switched
light sour@ésiemhd; mritey ligiusowate g swidshgdt on Boﬂmﬁréhm@%‘a pringuelethg write light

Qi X FRY whRAlA
pulses 'Sicﬁnk ch F?%Hmﬁgqm%ggt%éﬁg&% Onlgv%%oﬁwgg%%gﬁ% ef \le Ci 8 \{: 's In an
optical stabie dtete Ibthedwitatight shseeisceplitide pantiglipd bulipegy tyrgpd off, then the

write hghV%?rrMY'tJJé %p@&{tﬁzlllea'tQrﬂro@%“bﬁtébééntla[lIQ%UlH@tgrreaMt Both methods

dressi ng schene entai l eration of
produce 7 §ain Eherge: ISRITAERE] O1F PharRE oY SGRNT PRENTa]S: e scheme is
low in coktgnd efficenofn gaybas@alidhbTiereforget Eppwei-editadofor age with spatial light
ul ses such that the sum of durations for each frame
es riot exceed a maxi num accunmul ation tinme of the
phot orecept or, which depends on the paranmeters of the

[0031] Stfﬁ&fﬁ%{; sc;%e%@r'egé’lﬁ NP ShBYs TiRb&idREHEADABIM in a charge

valve that must sequentially wite deqth |
accumulasiontrhgimgr i@y eg@lafrgrr@vyittbmgﬁr@gw of grey ,sgalﬁé)étégégiefpp%e voltage pulses

such thatsi}ﬁ?@%nﬁ B?é@rap@hé fd?fgaaﬁr](?%ﬁ%@@eé ﬁctatt éxtees W Mbginaumh lbgcumulation time
he wite valve |iqui Crsa ca

of the phaiogafeptas; Whish dGPFRAS PR g%\,%qr?g\g eraﬁo & ‘ﬂ”’{cgtﬁ ’?{é éérfleve proper gray

scale md&ldt@ﬁaw“tfe&né Iwntéu,laﬁe bt wist setigriiially moite eheh Idf ghe gray scale bit

planes, |§91ﬁ4&§&| %eh'? %32], 0 ﬁ}esg vﬁﬂﬂﬁ%‘?bg&tﬁag fhve éd?fl(ﬁé}ﬁly that the write valve

eriods to eac
liquid cryisked aqapsteash gim établan&ﬁat@ (gw@wsgy voljagq avritienste it) before lt recelves the

t t(éogﬁ% in each gray scal e data packet.
pu'seOf@'%qé{pltﬁgﬁ%thQ %h I'ts of gray scale, the duration
for each gray scale bit franme mght be 1 ns for a 10

osz; M8 T FaREisRhvesienth@8he inhehe é\ﬂUbdlménS ed devgtirg eqtmjj @sriods to each

bit from %Saggglérgg%m (%%ecéh%gqatsg algnglcant t F&?@ ? a‘én(agray scale data
packet. FFBH é)daﬁipléi ifoy 10Tbits P gtaypsdatee dhe dgtation rfargezscragr@ygﬁq:iaﬁ kilgframe might
be 1 ms }‘qrg'an{ 'R e’gﬁreak@é Igéﬁoé %H C{Pie%;gﬁ fo]plsgachghp Ma@%s%fre WhiktE @ with respect to

uste toa erente 1 n duration
the leadinbteige oftibe Teas vgl@el%SEMraDPh%d yelgosseiang. pne the guddiplicity of input

pulsed |I§Flt %r#etﬁg e’y lﬂ' tfr'f'l@ rr&Qﬁve' fof 84vH btver. CEadhOélhsed of @kitedlight can be

nsity can ed to praqv ‘
adustedgiong GRPRCR N Chrates WIBIGHE. here PR og 0o ¥ Al Sle bit plane, o
adJustedet@s‘Oé) difrErent iIBEHERYN atHoly dQ%bM%ndnmtamw cahrieeadjestdd to provide the
ee colors (red, green, and

pmpergbﬁyusé:)a?éo?f?‘?cga%saﬁafja'ﬂtther%he phot oreceptor in each read

val ve determ nes the two di mensional array of the
[0033] f r aCtArqunt%dutngﬁt é)f%?é'}'h u% LEM\SEIQIQ |Nélud/e% hedd ARG \%I@%abne each of

vel oped across Eﬁg ?/ pixels in. th h 4 val
three cq:l@rgd (red| B8, q@ncﬂ bé‘l‘%)sf)falre tllgm ajhe -ﬂl?p?r%qerpé?; lﬂ‘ eac read valve

determiné?! thaddfiol @MRinSioral airapefl tcrasionshsf the quiatl CASIM adad valve voltage
result fromtinme inte

signal dpyRepech SR ISR Lo 888 bE Eerd drive dius egiel material. This
array of"\wHagB96vdl® deasibpea aay:rcssahe liojutd plyatad reulti ﬂrd>runtlm¢atlmtgg|ratlon of the
that, in an enbodiment, is determned by a liquid
cryst al on silicon (LCOS) m crodi splay illum nated by
a train of gray scale pulsesgfromthe wite |ight
source (e.g., an ultraviolet UV LED, or other suitable
wavel engt h source outside the UV band). [0034] A

sequence of pulsed Iight inmages controlling the anount
of light incident on the

modulato



read val ve achi eves the desired nodul ati on range
(i.e., gray scale) capability of the read val ve when

wao b@7iistiensi ty and duration of the wite |ightP@UIS®87/012959
is adjusted as taught herein. In the case of the OASLM
system the pulsed |light imges or the wite |ight
propagates fromthe LCOS mcrodisplay (i.e. wite
val ve), which nodul ates the output froma UV LED or
ot her light source of suitable wavel ength. [0035] Thus

photocunteﬂ? P&&%S%Oﬂ‘esssﬁ% % |e'aBlQ %’Bﬁ dcbRNBH [9&hef illumination that, in an
acteristics of

embortieris e EReE; S daVa et B PSR- S el A Anated by
train of JAEY bEal¥alukes fidre taareite oighi deuraei(egs ah stnmyistel WHdWRD, or other

swtablewe&nﬁﬁthuar%eBﬁns{f‘@gl %18%\/'85&’ gyof analog, digital

nmodul at1on net’hods apply to OAS LM
as well. However, the problem of nodul ating the output
[0034] ggri :AC ‘Qfgeﬁge é@bﬁﬂ@e@ﬁﬁhtf’}ﬁ*\%éé e8¥olfr R PlearhblrR of ligik incident on the

m nati on source al so eq ; 4 val
read valseaahigvesdhe é’@slr%ﬁh@@H@“Pﬂt’%@%a@@nggrél‘]a?%‘é} 8?‘?53%‘ RS g‘fe read vaive
when ’thet lh%ngt\ﬁh% B@%oh Q:f e \R/ﬂﬂéﬂ@ht ﬁﬁl@e@ts(‘auumted as tgjhty hemegn. In the case

ulat| res
of the O AR SRk BE U Tt RRRE Budrny T JohtBbagates from the LCOS
mlcrodls@ray TR malyel ovHicremsyslates taa @utrmb rfremxe fUV LEkeSr Other light source
¢ suitab Viﬁ of sone of the unique characteristics of the
ot suila %ﬁ. r%‘F‘?3036]The principles of operation of the
schene of gray scal e nodul ati on usi ng an OASLM

0035 St r?%%%%f&hé}g dfednbrii meaémeellolﬁoaermtemdms of the OASLM
t t

read valgesgge%l,%gggéa%ag pﬁ?@gg'l?,cr) m&gla{ %{ﬁﬁg ?%I:TH&O[{EF{;@ %SWer\Nnte valve. The

same coﬁ&d@#ahbh@d@bué&ﬁemovd wmtree;mcmmjtrw dripdicahifity of analog, digital PWM, or

aigital (o PR aeeod, Tt QST ar B EEBRElcne problem o

modulana_grtoeSomtbet bi the dvrite psivel hamtasiditignal po@piexitiege In particular, the UV
i||uminat“§)|n]c é&%gt?l&% q{eteds' t%eﬁetéor@f@)ﬁed 2aRMdnd | |ﬂtég?’atﬁ1@)/§ﬁa’rkbctenstlcs of the

I nci dences of

ul's
OASLM aregdse Ibéa'@k?r(b 'E!‘iof P@‘?%’Iﬁ‘f in jdegioging & gw %t'ioea drigte. “the present
embodlrfngrﬁg%eé&*%p@l @dg 64l ,wuﬂﬁ‘élpaﬁﬂlhyedlg/mfm‘én[ ebstt drvedrypléxiyt to the system

id crystal response shawn
and, mowﬁbé%}ges apaapﬁgeé)ﬁgﬂpetq@'\eewgldﬁa ﬁ@%rta}étégt?és &QIRé %SLM
necessary that the read valve liquid response be fast.
alta e t lMing an OASLM
(00386] I'ke %rér%lplgs gpﬁﬁergﬁorggfg Sweﬁig%ﬁgn&?;ééquﬁa% ?gdbﬁ;cl:éeﬂﬁﬁ ) ng ahn -
structurest\eankilngkm \Viog tg@gmwﬁip@ag@deoobﬁae P qtca-@paerat teéec ric charge
illustrat Hé Qﬁi 3r§,§ppr}£]§ <} ghow%a@@@-?c/plrﬂéﬂs@?ﬁd 51520(he Oft&@bOduration and

t he read r
differenidiafripl ﬁflntﬁp%é’] gesult ghaespecaye ts{iﬁp [ JPR?Q%ﬂFcrﬁas%se S54 and 56 at
differen08E4tRPBREHSRINé hguid cry&t:ﬂfmaierﬁél ebeato tbletdsffeerﬁent $tertdimep t1 and 12 and
liquid crﬁs}ﬁLliJﬁeglsra%c:i ¥a§l tﬁttgesg Iﬁflf er i etnc?%% éﬁlg@&% éd‘ﬁnc@g@%cﬂo different liquid

to the [eadin
crystal estigel 7ebpohsep PBi @dl 60l t@@ec@egtyha‘h relgtivein dast; ligiwid ﬁmsgaégesponse is

shown 3P %ggl z%% u'r;gcls*é§t Traligdichme td enfbobiinsmatit @Jﬁ@tméb@ssary that the
ghd dittere

I ntensit In practijc eit
read vaiier mui@rregmonaq B#dPEly A ivolisien S@PhOF o?Ppé'ﬁg Pn*ﬁ“sn%%aﬁyva‘ve OASLM
worklngCIFl ao&%r%@%cél%ﬁlﬁﬁorﬁ edqidn podused hestep-hies soitaye iberease 70 and a liquid
uste ,PYOVIde the appropriate bit weight.

mymalyﬁgg@?pwgme4% | lustrates the conbination of |ight

pul ses 50 and 52 that arrive at different nonents

corresponding to 1 's in different bits in the gray

scal e data packet for the sanme pixel. The conbi nation

of Iight pulses 50 and 52 prgduces a gray scale

response 82 that is a result of the different charge

accunul ation in the OASLM This accunul ation is

affected by both the arrival of these pul ses at

di fferent nonents in tine, and by the total nunber of

wite |ight photons in each gray scal e pul se that

arrlves at each r ead valve plxel region. In

. ' e I Y T T 1



[0039] While the difference in resulting response for
l'ight pulses arriving at different tines can be used
wWao eoocnerdve gray scal e response directly, |ightP@UiS®87/012959

arriving at different tinmes can al so have different
energy values (resulting fromdifferent intensity

val ues, wdths, or both). Thus, |ight pul ses having

di fferent energy values and arriving at different

times during the accunul ati on period can have equa

00371 CH¥ E§SBQREir88d YbRY¥ &ﬁ%b@oﬁcﬁ#@%&nﬁ&renk/lpfmw @r andib| af tyey input light
pulses ccgrre&pgsclglg Ehegﬁgp gifsfgqr@r@rh tisgcﬁ CeBé%&Zs%gs oécrcr)l@e gfégﬂfent I%catlons of the
OASLM & mémEhtssdf tifreasHifteat Yvith renpect tertbe g@adﬁngﬁﬂgepm obappiigd voltage signal
68. The 'QhEBMPg%gg %20 5| %%%ﬁé&&ﬁe%r@n&ﬁﬂ%ﬁ &8l different intensity, in

arge a e range o rigltu es or
practice, @ithert the risirationt ¢rainjsuisisedr betgrauratipagens inensdy 9f epe the pulses relative
to the otf?‘e'f@h’l grbe é:cﬁustﬁef %TBrlo‘?ndef e a%Prd?.inbteOblt(ﬁ&gﬂﬁt a presented

In Interval s over the franme period,

and i n whi ch each I i ght inmage pul se represents a bit

poss] PERN& flustbes Olﬂé %orﬁmﬁetldm@'eltmulées;deo @ndds2 abatomrrimayat different
moment{%%reﬁ%\éﬁa}é]ggtﬂt Qn(a er&n? é{szmqthel 9\/%1 gc?alé Ahte? pé\@gt ﬁirtthé Qame pixel.
The conﬁﬁﬁ?bﬂéﬁﬂ@ﬁmﬁe@m 50 pEFACcEHO4NRY Aeate sesronee Satthat is a result of
the diffe aen? fcﬁha enggtgjn%lét%h tﬁﬁﬂ%&ﬁ\ﬁ‘emg %c@@ﬁlba‘ﬁgn ri@@Rcted by both the

tween bits and h
arrival of titiseeptlbgs @ébtdifaipmlenomedis ys tiew FRdabh MiR1lFiat pumber of write light

photons |r? QH+H ?lrgglnrgc%le El%e Q}%\é@més%aéacﬁ%b@ WaIvel gixel 18gibit I merticular, the

e gt S BB 5 B8 e 2
similar tcﬂtﬁefdibhﬁ‘ﬂﬂﬂoﬁ a8 ééeodatfeﬁlvﬁw firstt wlsmﬁ@gnthe‘ﬁverajllwag ecale response 82.
While th@ﬁ%tle[] puISE aLl .ﬁj{;w%ﬁf‘{nﬁ&nu@ g{]th n thg%qme(?}?‘ﬂﬂ&ew rihi&ds2 is wider than

I mges can
pulse 5(Isﬁﬁtlhla'ethbhmt éﬁea drethewiCivditage @ﬁmddaﬁtl-%vesm@ 82 arggnot significantly

different, ?I?‘h?s f)&c‘éfey fedr th¥t rﬁde@lEﬁ@H ﬁ\ap %%%e' B)Q&Hrylh itude, pulse width,

ces he anount
or as showe it Bigutst 4 By &apinghg eomérnaé% Af @taya@fﬁ?tefsp%ﬁ tE%aulsﬁage
fromthe tine taken to wite a bit plane When t he

0038 i e TEFRNCERE BoN SRR g 4o T AREER 8 gt Eirerent times
can be Géétﬁfoad:reéléa@@@$cém raspoeggr drte}:sl)/ light putsewy arsving etthja‘fere@t times can
also ha\(e] R%uéritonr?elﬁgl)t/ Q’ﬁ eueg (‘heéulﬂtl;ﬂgﬂ &ln V\ﬂffélee\lxﬁ mt@Héity‘M/éllh& O&ﬁndths or both).

ere 1sn ny
Thus, hglmtcaihlsetedwaplmgs@tffeqegﬁtenefgyevqlgﬁ@g\g aikivingeat dlfferent times during the

accumu&lﬂgh (H'ef: @{%{\%n@dg rcgﬁ?i%cﬁﬂfng §RQ4ALhR Qasp5n$é?s éMoreover a larger

an S
arey soslf EIPRANER (G RBCRFASNBh 7S CHRPT A BaY. [PRERTIEY dant puise o5
comparéd aBt th@UtdIUIa tlear(agtier) 2ederbygnenglystighit palséy Tﬂnen@tﬁ@rh-ll\/ﬂ: property of

e By A SR i R eh I R RGALL FbloBr curatons o

pulsed Ngtittirmabésyhd be cuuatesmatiert Fer prameleefXpthbit it dpta giesefied in even
length tlﬁ@e\/ﬂ %%%elrﬂeg?é%éj %éch rah@rlr?ﬂ/ﬁﬁ:hféa%mIlbh?ln’ﬁa@%cbdlé»eg%resents a bit

i've-no ed usin

plane Obﬂ‘llerdﬁtc'pl teg I@ﬁgﬁagip"@%‘e?raﬁL{f%téPrb’é‘ng\Mayya?"eér?“a rBﬁHaz%qE 40:1 range

foramé!@\éﬁlt&ngefb.tw ht PAGS-M $y51em 100 defines a wite
optical path 102 and a read optical path 104. Wite
optical path 102 is conposed of a segnment al ong which
propagates an inmage definition beam A UV LED 105
provides a pulsed W wite |ight beam source. The
pul sed WV beamemtted from UV LED 105 propagates
through a tunnel integrator 406, a relay |ens group
108, and a pol arizing beansplitter 110 to provide
uniform rectangular illumnation that matches the
i mge aspect ratio of an LCOS m crodisplay device 112.
The p-polarization of the illum nation passes through
the polarizing beamsplitter 110. The s-polarization
of the |Ilun1nat|on 'S reflected by t he polar|2|ng

-, A A N T e A A N



[ 0043] Read optical path 104 includes an arc | anp 146,
which emts randomy polarized white light. The white
WO p@hti4yandpagat es t hrough a pol ari zati on conveP€BEUSDIB012959
formed as an integral part of an assenbly of fly' s-eye
| ensl et arrays 150 and 152, and thereafter through a
focusing lens 154 and a |linear polarizer 156 to
provide linearly polarized light in the form of
uniform rectangular illumnation that matches the
[0o40] | maasstae%a%t digahl rﬁo&ﬁiafc&ﬁﬁbhé&ie\setr@tﬁhé/béﬂdd rafidetdiffierence between

dichroic mrro eparat e
the MSB bits ea@pelns%‘:blltwd}re(g& 3? elrmgﬁgsthé %‘g%t%@n{j QBVIdthrqu if¥nents. For
conventidria® Sgstéis owgT I bied of reeolstien, (o MSEhiovie)B fimeresiddifigrence is 512:1.

The data%éinlf'i\g aﬁoD?aqg@ Wlt 9ni€ Qarqd(;éedlff%ﬂ& d5h ba et tbhﬁar\é\ée The charge

eam he col 3 conponent is eithe ¢
accumulatmnsmmamammpwgm poptoegrneraed ahara tegeisr with 158 of puised ligh

images c%?‘usll BLQQGEﬁe | ftP baxbwatY sfgﬁnﬁf:&ﬁ@ vidlsy & @\Sb%ds%flthe ability to create
SUIT In 1ntensity dul at i

of t orres
pulsed /B 1DROPTAGRLBITBHRCoSTHE SRILN 81 B'aemegﬂ?d S5irets Yalgibnange for
each g a?réﬂ%ﬁg tiked nhb@@lﬂl@)h’h Hreatdmeéahien @AGHM a4t plandi YWhendbe write valve
images qrﬁ%%u r&ﬁ % (%leé:g rg%snér orm%:éD afg B %IFa d é‘t%% the)OASLM liquid

SCcreen not
crystal ch@%é] (@onttegrates) 4 oo asklerthats nrh@olﬁp@alttanhe illumination level and

width of f%g et 1D o atkwg’%?ﬁ&%% thife ish: t%ﬁ?%&ﬁi&ﬁ?%é ghthene voltage on

plane d he timng of pulsed |ight em ssions
the photcﬁreomtwenmiwst%ﬁd t he anal og nodul ati on control of

read val ve OASLM 144 to produce visi bl e anal og

nodul at ed out put um nati on havi ub t) . -
00411 bt DriF @ g?"gg"f?@aHQ Fne@ﬂ@fﬁ% 68}] A 1R Y which digital
modulatloﬁ h@&érﬂé@ bat toyadnet @ hghat' outtrsat lclaerdictemnzmé@yl suhatantlmyrreonotomc gray
scale resqﬂnépt g\gngﬁh\p\nﬁgs%@@gwgh %rrq{o%}'mérﬁv@m S?%@ﬁﬁsmw H?ode OASLM,

ata 1's used
so the waitet lightt solrcelang the pbeteaecepid qmef@e &t Uavavelenghs to avoid interference

from thee\%ghthgﬂpa}\ r%fl@étfvé r%déjé'iA%Lﬂﬁ ﬁwa'y&%jeﬂhﬁlﬁéﬁ @ity thersame principles of

s nonlinearities such he n%é@zar el e%qg . write
Fig. 5 dejpiedcbgipypat an é‘§p@Pr'Pteq‘U?YPIW'§tbﬁpd Sapiea eiines a
optical JERY 18£ aMé %%EH)bp@@élQﬂﬂ@bbE whiat optiral péthbia2 idabanposed of a segment

transfer functio
along wglpa PPRAZIRS AT frgagef gﬁﬂ%? qrhgg%m(kgt\dl_l%ﬁ] éfgfcgwdes a pulsed UV write
light bea’ﬂﬁ? soGrge! Tite phistd e efrittairemdiy EEB) 1%@@@@265 through a tunnel
lntegratd; ‘?/ @;’ag?’el ROI A r%u L OtBh%PQ &Erlﬁﬁﬁ rbefaﬁi%'ﬂﬁtter\/%ﬁf‘ to provide uniform,

at it Vers urs mtegﬁte
rectangmja:arllgmlrtanphtthartpmatph[eﬁéhe; mqggq aéps?cgtrapo iof aR ] mfé(a:hsplay device

112. Thd E%o%’r}%aﬁbh I B illn&sﬁé’ﬁ%n %Syém%\%lh%@ dolu}u&@%ewb fsﬁ@%r 110. The

qui d crystal
s-polariapbpD 4641 HUEYIHONGR PIRsieg P g ogid Spif 17 Bhto tne Leos
device ﬁQOZ/gﬂlﬁ&iﬁﬁﬂﬁgTd@’Sﬂ@ﬁry 152858 tcat VILIED heg byaiqvgtrofierdddh
frame. Voltages produced by the integration of char ge
_ in the photoreceptor influence, therefore, only
00421 | i IGDOS devicst H12 prayidesi ingasadrsetie wreaqehéytaakévweedaég@s device 112

by contr%h{atl #14 v &itdle q’iPP{ B&térﬁ@?@' a ¥QEE@QQ}%I&réﬁW&ﬁ@nﬁaf the ;brﬂnary colors

rane are effectively wei
(RGB). Thegeodyaee diemninatan quﬂectéﬁcpa&? f&Oﬁétf\erb ffa z{% !L? ropggates back
into the' oRrisRY KargspRASr. SHeb NEplaMeatioe safl the eflected modulated illumination

passes Pt’ﬁgt T gw[enp(egrl‘a%%z?pdgr tgg%g%ggt r @ned%g'rﬁ %%c{ S%Q ér}é%;lhg%s 140 and reflects

off a tilted dldﬂdidﬂm’latbn 042 foulirsdde2@0 qor apQGSLVh 44 r%LMO@l*dléW%férably of the
112 at the beginning of the read valve frane period
produces a photo-generated charge which nodifies the
l'iquid crystal voltage resulfjing in a voltage |evel
202 that lasts nost of the frame period. A wite pul se
204 of the same duration and intensity as wite pul se
200 but appearing at the end of the frame period
produces the sanme |iquid crystal voltage |evel 206 but
has little duration. For the pulse w dths shown for
Mﬁlte pulse 200 and Mﬁlte pulse 204 the ‘average

e



[ 0047] Vol t age waveforns are additive, as indicated by
the liquid crystal voltage |level 208 for a wite pul se
wWQidneanesenti ng a conbi nati on of wite pul seBCR0OS20aTI02959
204. The rnms val ues of such voltage waveforns, in
general, do not add. Since liquid crystal optical
response is related to the rns voltage and if the
resulting rns voltage waveforns are not additive, non
nonot oni ¢ behavi or could conceivably result. The
type des&?ﬁé@ﬂhlm@§ ﬁB?4AI Frec 4B airineniatb6alaApplwaiom e PCT/US2005/018305.

The mod\}%%f Sglﬁ%ln 86 grmow @%}&g&rﬁg} fag;% %t @A@Lﬂdm(;lascsavelops a voltage

across itd lijuic ctystd layas This whilagh oauses @fdlrpctpuf\elﬁaqrqea tlp§ that corresponds to
the mtegra?&f %Fétnrsﬂ& SEth'ergs%P@iafe%l |ﬁ$|h¥r§|LW RS figR BebRf dﬁﬁ&bllérhﬂ4 provides a

I Nni ng eriod, errors resultin

voltage sigtal FOARANF 4 Jornae R Yeias BorlbEic GpPIL FEiage R Proper tming

rela’nonsrgr[ AR the idRRMch Of BRNJURARE AgMtC gray scal e response.
I'S approach approxi mates an anplitude nodul at ed
square wave voltage on the liquid crystal. One

[0043) aR¥atGgieall PathCTOL izludasi argatdianhp gUé, phickeemisairandamly polarized

B
integral 2AShivan lassemblyl @fnﬁmeyealenrset eeqw 68 ang a%%uéb'\f’eth&reafter through a
focusing %A’ [1]5?:\458\/%5@%%&5@2@ 1580y paeMirtba) aolatRetiagt iyhe form of

ow | nprovenent s

uniform, mm@maamﬁh@{ﬂ@%@.%'maama%@waf&ﬁé%%va”e OASLM 144.
Tilted d.Iﬁr‘eJ%ZQrQZrbplqa%Qe;Bé}Qfé%] #he wiste Bjhti inkainhaasdlented giramary color light

oo AL e G Bk 08 LS S0 e onoL 1.
Dependlﬁ@thﬂé irfhgd eefireedgpy, ther\omritd fightibetor, ¢he helor light component is either
transmlttgw tFann nat! onbgcgbr eq%{ aht gna{lﬁe{ 21r5%° EB&‘ iHEELH HRolifRy to read valve

renen Iquid crysta
OASLM naneresmntmgl in iptensite masiulatioh«af éhensorrepronding icelok image rantent. The

modulatéé;trhtgf@%egﬁ FY%&IM 'tFn%ubh Ohabd GAVSt@ASHr e44 Qé dlrected through a

I's and ficient tinme for te {sh
projoctiopueESbIo GUNEEHSIAGP ETERGRLo" HASHT 7 BI4FPHNATRE (not shown)
frame tinme (for a 10-bit systen) Prow ding that this

[0044] :T%?(g‘:irroﬁgre g%%ﬁ?‘&f%ﬁ@?fp%‘% d&%%? dIELa]'t'%e )?a L“qré@ td%lnce 112 in accordance

with thefigfdgeeplans rdaea, ImquirdngrqumMed’rhgi'Grerallsslomﬁ tffpr2 ¢/ LED 105, and the

JoHeL gn¥ieh dRfated output
analog @?&%%'oﬁe rngrggwcgee% |V§l?g?'&§ﬁw qgh Q(g pi" lﬁ@ ég"gﬁeﬂ_'yl\ﬁr r% ed oulpu
iluminatpmphavieg tal sufistgntially ghenptoruearak SFRIgUPEPRTSPstiae phrase "substantially
mono’torﬂ@t £rsl tWirhdars H{afﬂtﬁér%n&'df eﬁrﬂ&&t @V\A hdhobghi¢ igreasielar response. With

digital o[iGuBOredo gl Piel deiade Pl it p eSS Brufip, 1 bt of data. The

additionhin? &6 aifi dila Ar@NGed Qo achownteot hencmsr n@dinebiitiesr uch as the nonlinear

electro ‘?\:ﬁcgﬁ%%ﬁéggf hﬁ C@%&%us %@rﬁé{e very Ohe%‘ﬁlggallfyoa&%ptable that the 10

bit data tressfbutunommleedwotomlmﬁosther@m%hS'EEBC@’ﬁMSJ evel s. The

nmet hod descri bed bel ow spreads out the data fl ow as

evenly as possible over the frame F %1 bl
[0045] caln am%‘@é%ﬁheyﬁléeﬁeo?mﬁ%%meal?h%@f%ﬁ%tof/ iR o"ﬁsem y reverses
polarity thﬁ%ﬁ?% %ésdﬂg\?arpﬁg‘l/n\]ﬁ;%n\/vo%ée ptdutg%y ftfegéis@r occf'utrs vtaenn;]tagrated charge
buit upm e ayif oefvelpbis AP A ERto dee @fymé“ca PG P p¥lodd Snotorinduces
voltage OB ]t gquid ceymmsidayer. Eaaibeidi arysihl \oitags mtagnaaomreegarts from zero

are spread out evenly over a LCOS frane tinme to reduce

the LCOS bandwi dth requirenents. The franme perjod is

divided into twenty pixel vohtage data periods 220, in

whi ch ten periods 222 are provided for turning off the

pi xel LCOS liquid crystal material. The LCOS

illTumnation intensity 224 varies with the datum bit

bei ng presented to the LCOS m crodisplay. The

approximate relative illumnation levels are as

| nd| cat ed | n F| g. 7 The conbl nat| on of b|t p03|t| on .

oy



WO 2007/ 143105PCT/ US2007/ 012959 i nportant distinction
for this nethod since it just inplies a different
wa@eajoagsarent of the bit illum nation intensiti eBCDUS2007/012959
durations on order to achieve the proper weighting.
[0052] Since the LCOS is operating in a color
sequential node, the LCOS nust sequentially address
each of the three read val ves during each frane. This
inmplies that the read valve frame length is three
at the béd};}ﬂﬁmgt BRlcath frdifel Vofiagdyn peatiived Bysthemntemaﬁomfoftdﬁ@rge in the

photorecqqtgh@ﬂ;:?eg#‘ﬁ al V ogef f%rﬁy”%ﬁ@@@ogrxsfa? Iaggll éﬁkh%?% Fhey are produced
until the &hd ofvthet ﬂﬂ@nep‘t/oltagelsypradime@s%lﬂ' ipithefragngt arep@ﬂf%@selv yyeighted more

heavily tr\?g%sgseesgdué‘écyr‘? r%?%n%i QERBhhS the same part of that

rafe period n practice it i s advantageous
to arrange the relative timng such that optically

[0046] aﬁlg, eéj sBi &€ réﬂ)@lgashBWrﬁgeﬁ]ef @Rsufaeh ph@t@dgéé'@rmed a:fhérge and liquid
at e near tRe begi nni

crystal veltageoatearaian RiMAFRETENE k4P eRbPYGRS T Stp & g puise 200
propagatmgnﬂrdﬁ"l 1edd Ge@@HMZwMG B@bnmhg af the iatl fva\haefrarpe ipetipdl produces a

photo- gepﬁr@t%fﬁ%hqrg U| S%Crgﬁgﬁ g'le hear Eé%?{%l L&Ea n;r;@gﬁltlﬂgfmémkltage level 202

that laststiResteofitise frase pteambdrAmmIeJ pelde |2ﬁ4tofﬁ §wer sane dprpéloafant:l Hatensity as write
pulse 20{)1 %élt %@?‘%ﬂn@ c?\{bi gﬁé’ g f%é &l@aﬁe%b&t @ﬁrs%ﬁﬁé)l‘hm crystal voltage

ses 3] The net hod depi ct %ﬁ g it |
level 206Fbygf. hap Iddregurglien: Gartthe RIsaaFANsAOWTIOR Wi PHSESONGa writs pulse

204, the a@gﬁé‘ég ih&erRARM W Gk Rerfstalvoithde Bferdriteacahr Be6 i AB suals, waveforms

202, 20%5&5 osor SSROBERITG S © %‘:q%g)a'a?)tggbxa'o? (A G8Hth" @bob? and (10001)
respectively. @rbhtee diffelahties a reﬁﬂ \aeediusE ofstal vilegeaad Heaphtaingdby reducing

0 i tal material. Furthernore,
the W”tetpﬁiﬁ%l dﬁlﬁ’ﬁ&#“’%ﬁ"ﬁ% &g%‘%r ange may need to be

changed over as nuch as a 512:1 range. \Wether the
[0047] 'l\}o%%‘ggwg%rrﬂg%lrég Gievd, %@gﬁdxbﬁeélﬁ?ﬂtﬁéhﬁnﬁléﬁ%&ﬂ&ome level 208 for

ere 1s SU ficient contro

th
a write puise B Qagnrerentieged cemRingEoR ff 1EHRBYI§E? %Q&A}”"L%Bst‘h&ﬁ rms values of

such volké@%e\ﬁla\%f&% n@b@nér@ﬁ l@r&it dddk 8lnge siquidceyétar optivias rdspndse is related
[ um nati on.

to the rrﬁ%daqta(ﬁee@wddtf tl&%é%ﬁulworr?s' Y@Eag?ﬁv&g %rrrﬁesr %%{Jﬁ&ca}ésdltlve non mongotonic
behaworaJ:dLﬁcﬂ 6ah¢er~£aw30reshEche)exmhb:ys sengiréat gurreet DC and a single frequency

natlon Lal levels can be optically
Wavefor@aﬁﬁ%a MO E& g %ovvs a del ayed LCOS pul sed

illumnation method in which the LED anplitude of the

[0048) L%évlaal [ﬂ h@é‘, |2% éé‘shﬁéﬁfcﬁ@"t&bﬁ’éﬁs iarndhtchemb&[bf illumination is
ndr vi dua se wd s afe var

Y
concentisiedPded eI BY: S1PTbPeuht VIS dGE LRI G oe. BG4S period. erors
resulting! f6mldddingd {HeLWﬂsn@dlla@@ vaRids [z set \wfdtlbnw;atar% tanieat to Inen-monotonic

dat um bi t sent ed
gray scal, ELSPORF Gt %Drggﬁé??%rgxmﬁ?sée Qr\?\n aé’@ﬁ@d@n%cggétlég Ia%{%re wave voltage
on the ”qﬁldFﬂ:rgStBB Orghad\eowdgentat cgmem*rabhg thoBghtirsies pearHae beg'””'”g of the
frame is ngﬁtgﬁwbpﬁqlﬂ@g \)o‘téé@sn@rstéiﬂed %L:‘Stﬁe \i‘r‘ltgél@‘iﬁoﬁrdﬁdrbé}@& of OASLM.

rnary  wei otoreceptor volta evel

Less mumm@tmmatremnregdﬁ@ﬁg'egﬁMV%%RM%"O“@GP%”B& ougT g’f”t@j‘” signal voltage
may be taEShéd WHiH nedyysodl infprdvinieilts nastatreee@drchiarastbadtios. so

that each bit has an inpact independent of the |iquid

crystal material response. The pixel liquid crystal

mat eri al response for the pixel bit sequence WO

2007/ 143105PCT/ US2007/ 012959 1010101011 i s shown as

234, and the resulting illum nnation pattern produced

by the LCOS for the pixel daka bit sequence is shown

as read valve optically addressed pixel data 236.

[0055]As with the nethod of Fig. 7, the liquid crystal

materi al responses 234 in Fig. 8 are



shown as trapezoidal. Again, in practice the rising
and falling edges are S-shaped for ferroelectric

wo capaireBies ystal materials or exhibit exponentiBCT/Usmay012959
for nematic liquid crystal materials. However, because
the nethod of Fig. 8 does not pulse the LED until the
LCOS response has stabilized, and because LED rise and
fall times are essentially instantaneous, any errors
resulting fromthe LCOS rise and fall tines are

[0049] %@eg%gﬁggnﬂﬁﬂ&ﬁ QQﬂanlmie%yfoﬁ\ﬁﬁ'dnr@; & esROAe belyevassumearthat LCOS

liquid crygipheeies erial pas regchrd apét\‘%lgo@tlg?l ?r{e {gh{) fgn r%é%g) Zeﬁo'ré] the illumination
pulse stafé eTlﬁ@@Bntﬁbutfebed thy sithirfg speedt iequirémentsder thediagid @vstal material.

In partlcui,ao{c fhere g&u'%%% tﬁ#c? tt‘?’n ocr%n %?%eﬁtg%rlﬁ%glhﬂm 89staf director settling

IS mnmz | um nati on
intervals ey alifficamtl tl@&SbMamLElag@@qseﬁumegglty PWQ@FAF%?P[%@?V&'Y in the frame

time (forpé)ﬁé'tﬂ S%sj,tér% t%\/ﬁirhgothatt hﬁls%r&héﬁﬂ ROmeet ArgdtypBosmliquid crystal
ot or ecept or vol

material sBedCt be (PR EhIBr FALE*EOMCIPICERET ol (T RGH s with 200

mlcrosecbh§ sWTEﬂlﬁE tﬁ’rﬁeé hﬁnémﬂ\ﬁaﬂwseﬁégm Mledegl&eeelo&etigraﬂs would be
shown in

suitable. Lb@ﬁsowpda\% i PY Cﬁ.llg él trﬁaén% pﬂ n‘? Lé?%t% b’%té}r Pﬁ'l@lently fast

switchind tirﬁﬁ?forﬂeblwdeémtubmramﬁs@awabHEZat| on and st art
of fully weighted illum nation. [0057] The rret hod shown
in Fig. 8 operates LED 105 at a relatively |
0050}  cydtheyghsitrie @ossipe 103 spUROtYECERIPH BPHRTCT BP“BJP ﬁ""%‘?é?ée the correct

binary wki gmns ttI‘?é‘E@dS)dlai‘é%’ar{dﬂ\ﬁdthl\&om %B@d d@tb% @'ﬁdalﬁd@aﬁlyt hig® because of the

very flned’r(i;'vf,laJ I(frggqqt;)?{ Béqhdgzgp{gg%!swlgut%zlt_gé tgrﬁ:( gqr,ylggd ;I?'S r%%@d described below
spreads %Plggéhb&nﬂ@/y sisesepilly as toppsibieswari thedramg Iperied.eTlemcrethod can be
accomplltgged nl:?Sylg %éﬂgj Wgs%e gllun}lnaglfont F@%«g éwit\scjj%egulg@qul@fﬁc%ﬁy factor, or

various donbinatnerad sherhin plrogodioarte tm] bij wWeighes af a desiseddigially encoded gray
otal available for addressing the cell (frane

Squentl al operation), then only 1.5 mlliseconds are

| eft for pulsing LED 105. This nmay require fairly high

os1) PRK #ERLROWRTexbMpRS [ Wvieh I bl Bt ar@i‘s:ﬂremoepémnly over a LCOS

frame tlrgg?cgrq%glcggeq?\hte{)§3ﬁrp&vocﬁﬁg %f'rfé’fengi hlgue%a X 83 %ool\é%n;l@&i into twenty
pixel volfaijeedatEQJa’mloHQWZUDrrEWhicl'rHerﬁ @eribtie 28D age Proyiddd tasdurning off the pixel
LCOS Ilgwan?rygtaah?aq% atlI %ﬁ d(%@tll drﬁﬁapc%‘e@ﬁr%%%éi QWS with the datum bit

ened as | es
being presemted $o tee e mncro@eplafﬁ he amﬁowmqt% ﬁe'ﬁwesujgmmat'gn levels are as

lndlcateé‘wgﬂf ﬁb'ﬁﬁ%t%%fcbllaﬂ)&%ri Fhstﬁetffdme tigte é,r@l the illumination level

ization Wwmth the | esser si

provides 00 HINars WP EFESOURR O SI86° (b (18 (HGupator schée shown in Fig,
7 is con§ia@\ﬂ whiisRBhbeh bRNintexaniverapiiey ere ose ahtl ddbokithetlguldcrystal material

responssI I L] &)@E Sﬁ{}rég?rli Saggﬁﬁ%ec?egegy me |§3(Qr%3 'fglletlrﬁéé/ opﬁ)e liquid crystal

O IC Clrcu
matenaldew@mamtmé eéfodh tgibeatorhgarispieifer. pThefesultig iluminafiprypgtern produced

by the LHB'SeF@nthg pixel data bit sequence 1010101011 | shown as read valve optically
addressed pixel data 228. Although the liquid crystal responses in Fig. 7 are shown as having

scale Valtél

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

crystal materials or exhibit exponential decay for nematic liquid crystal materials. This is not an

14



a variation on the pulsed illumnation nmethod shown in
Fig. 8. Pixel circuit 250 includes a wite data | atch
wQaR7asmdon read data | atch 254. A Row signal iBCHES2007/012959

high to wite the colum |line Data into the wite data

| atch 252. After the Row signal is set low, the data
remains in the wite data latch. A Load signal is

applied to the read data |atch to pass the data on the
output of the wite data |atch 252 into the read data

lmportan'J éfsﬁhct%'?n‘lforﬂh% heagod isgiral itijastc npliest @ difereat ladiusgnent of the bit
¢jrcu

"lum'”at‘%” Wrtséif?édﬁsd“ﬁ’tlé’ger?f’aqrﬁ%%rn 5f R'e% t%gr]ér%laeﬁwggr(ﬁd%t ato

the liquid crystal. After the Load si gnal is set |ow,

[0052] %%i d_(fé@ l@?p%qrgt n_ﬁg{;?\ d &ﬁgrsgﬁ% {lﬁtrﬁ&ie @%‘ECU@&\UQ&equenhally

e as pass
address éauteoiohe thioe reathslseoAEnaAREN Tae oHBE TaRIes Harthefead valve frame

length is QH@% thh&d a?topﬁ'@ LCb@Oﬁp&E’éﬁ(@'syQﬂehﬂ Wakh %%@tﬂré@&ead valves frame

t I ma ane data to the arra
periods is GtiSedaul 56 TTDS 17 TR [ BSEPHASHE0 JANReT T SFgPwe the optically
addresse‘??(ﬁ%’ﬂ &ata tdilt%eblf&eeé&f rasidi vailvegtot e IddaRdoint thefsadtet part of that valve’s

frame pqrigg- flqhgté) : ég ldt? Seé@daﬂanfa@%bﬁ%'é%%ya ﬁ@ {el%h\?ei_g% rllgﬁ Egcﬁf"ﬁwat optically
addresséM stxlal i mdses fEImeache'da«terslverw'eUamﬂ dtelar dife Dngemng of that read
valve's framer 8%!’10 {_9!% rrwalh'ﬁ{enﬁte' }f&%}gtlé@é@%% o HIiNRBiIzE 988 OABLM applied

and t her eby
voltage. Méithe tHengptically Qé@f@sﬁ@ppﬁmﬂoqagqﬂje@@ﬁm thgdea_menpgnod the amplitudes

can be a?hﬁﬁédﬁﬁﬂe b|ﬁ§|‘9\4ﬁe|@@eatésﬁﬂeﬁe<13 H_'ézﬁserrc% indheted ingSelmas value of the net
e framg tine o QOsgﬁt %é & s|e\/s|ded|nto
read valye:fipspensq %WﬁAéH\ﬂéﬁ‘t‘aﬂﬁ ‘PR O ‘f)'g feg it p“\ i opracti ce,
there is a significant advantage if the entire

| ' oes not reduce
[0053] fleljl?wgtmﬁtglpfi%% |cke§]jt nn%@@@@é@e&?{‘mﬂ% SHare t%tn%q"dtﬂ buhe t red

rame his 1s so becaus
the bandwigirtoi angnirdenulyi e a fremeoime has teee gie addiligpl offxiata lqtﬁré(als required

for operﬁpﬁt W 58&9&9 rea?:f‘n c@?ésg%é%ésr@fe%ﬁ\%ﬁluﬁ%tlgﬁ fb%@bue@m&se and fall

reduces the peak to era © litud a
time resp@haeagfetheauqu@ %rbﬁtée@at%@‘ AAShRIMPEuthe W itude range may

need to Qﬁ%lh% DEPLOECELRILER 2siIsi H 1 Gangd. Mlhétaéldmedhlxmiﬁadmc Bmglitude range
eak-t o-average vol t%ge rat|

s an isspngeBrospR o ose N oo diap ol Bubiir S BR SR bfraton evel can
be swntcﬂédj qucktthEDls lod rdseatiicdns pra thesmost likkly sourast fop &rig kipfl of illumination.

The LE[§ can E??ﬁngqﬁq fj Lg?\ @%%t%&‘% QE%g@fgﬂﬁnéf%%%m@P&é' K4 &n alternative

to electrexiaathl sgmplingah@ ilpgrimadiony thed-GP Fwptical dpueisgean P pptiqadly, sampled.
equal subfranes, each subframe becones 278

m croseconds | on If the sett of t qui.d
(00541 crijigt & sﬁfﬁt\’érﬁ'aq’q%)"f‘adl_é§§)%le‘(H'?:E’éJ q%‘f’"f‘%t' &ihSa! e the LED
amphtud@ & tﬁé ecmwlmumufanag azhes Helsdoasizat andhtlrm,ED fradividuwa) @stse widths are

007/ Q5PCT/ I
V. BBEZLELE A A00 1A RS UoRD 1LRdg0%8 Hasasidrn LooS
illuminatibrf f2321|;tulsteo widtpavarienovtih the | gaiumathibmeingr rresenigsh to the LCOS

mlcrodlé\éf% leae{b%rma% rlglattlv%'u%@tv%dﬂﬁ drBi=s |ﬁ<ﬂ\’@é&@& n‘PﬁzlgI |8the combmatlon

on to th [ies in act

of bit ppgiign invifegtiampi tiae @@?JEPI'W"’?'Ea{f?r} Buﬁﬁdﬁqgg‘ﬁo‘?@&des t’(he blnary weight

photorebéﬂth&%tg'quvé?é“'ﬁ%slllﬁhriaﬁ& l@ﬁer&é @&hotvhen Eigreeis plidednafter the liquid
the full 78 m.cr osec

t he

crystal Maferieh@PaIRR 23 GED PIRTaE L st Pa bR Ty drenipy of the liuid
crystal inBtdrids tespvase.2The pixal tquic engdal raaterialhesponres fonthelpixahbit sequence

be used to lengthen the illumnation pulses of LED 105

for the upperweight bits. The table bel ow presents an

exanple of bits and relativestinmes for a ten-pul se

nodul ati on schene i nplenmenting variable wite data

periods. Bit # Bit Wi ght



LED Pul se Wdth (m croseconds) B9 512 336 B8 256 172
B7 128 88 B6 64

WO 2007/143105 PCT/US2007/012959

1010101011 is shown as 234, and the resulting illumination pattern produced by the LCOS for
the pixel data bit sequence is shown as read valve optically addressed pixel data 236.

[0055] As with the method of Fig. 7, the liquid crystal material responses 234 in Fig. 8 are
shown as trapezoidal. Again, in practice the rising and faling edges are S-shaped for
ferroelectric liquid crystal materials or exhibit exponential decay for nematic liquid crystal
materials. However, because the method of Fig. 8 does not pulse the LED until the LCOS
response has stabilized, and because LED rise and fall times are essentially instantaneous, any
errors resulting from the LCOS rise and fall times are avoided and monotonic gray scale
response behavior can be expected. Also as with the method of Fig. 7, in practice the frame
periods of the three read valves are each shifted by 1/3 frame time in order to allow the LCOS
modulation to occur near the beginning of each read valve frame. This minimizes the

illumination fevels and OASLM voltages required.

[0056] Another possible limitation of the LCOS driving method shown in Fig. 7 is that the
OASLM photoreceptor voltage may need to be higher due to the LCOS rise time than if the
impact of the LCOS response times were avoided. As shown in Fig. 8, it would be preferable to
present the LCOS MSB data prior to the beginning of the read valve frame period for LCOS

response stabilization and start of fully weighted illumination.

[0057] The method shown in Fig. 8 operates LED 105 at a relatively low duty cycle, since
LED 105 must be turned off for both the time taken to load the bit plane data and the time
required for the liquid crystal material of LCOS device 112 to respond to the bit plane data. In a
projection system of a type described with reference to OASLM 100, the total of these two times
can exceed 4OO microseconds. For ten pulses, this becomes 4 milliseconds. If there are only
5.56 milliseconds total available for addressing the cell (frame sequential operation), then only
1.5 milliseconds are left for pulsing LED 105. This may require fairly high peak LED power to
achieve sufficient photoreceptor charge integration.

[0058] This method also allows the data to be written to the pixel at a more or less even rate.
To allow more time for the more significant illumination pulses, the time between the lower
significant bit pixel data may be shortened as less time is needed for the LED illumination

pulses. Another variation would allow less time for LC stabilization with the lesser significant bits

16



45 B5 32 23 B4 16 11 B3 8 6 B2 4 3

WO 2007/143105 PCT/US2007/012959

than the most significant. For example, the error allocated to LC stabilization for an associated

bit exposure may be binary weighted.

[0059] Fig. 9 is a logic circuit diagram of a digital backplane pixel circuit 250 that implements
a variation on the pulsed illumination method shown in Fig. 8. Pixel circuit 250 includes a write
data latch 252 and a read data latch 254. A Row signal is set high to write the column line Data
into the write data latch 252. After the Row signal is set low, the data remains in the write data
latch. A Load signal is applied to the read data latch to pass the data on the ouiput of the write
data latch 252 into the read data latch 254. The Load signal is connected to all the pixel circuits
in the LCOS array which allows simultaneous presentation of the array pixel data to the liquid
crystal. After the Load signal is set low, the data remains in the read data latch. Construction of
each data lafch may be as simple as a pass gate (one or two transistors) and if needed an
inverter (two transistors).

[0060] Pixel circuit 250 allows writing the image plane data to the array of pixels of LCOS
device 112 in a nearly continuous manner. For example, the time for writing the MSB bit of data
to all the pixels in the pixel array can take as long as the liquids crystal response time and the
LED pulse width periods. This reduces the bandwidth of LCOS device 112. Alternatively, this
method can be used to increase the duty cycle of LED 105 and thereby lowering the peak LED
power required.

[0061] The discussion above relating to Figs. 7 and 8 assumes that the frame time of LCOS
device 112 is divided into ten (or twenty) equal write data periods. In practice, there is a
significant advantage if the entire ten-pulse modulation scheme can be completed in the first
half of the LCOS frame time. This is so because imparting earlier all of the energy of LED 105 to
the photoreceptor of OASLM 144 increases the effectiveness of time weighting and reduces the
peak-to-average voltage ratio across the OASLM liquid crystal and OASLM photoreceptor liquid
crystal sandwich. Reducing the peak-to-average voltage ratio in turn makes the photoreceptor
easier to design. However, concentrating all of the illumination pulses in the first part of the
frame places a limitation on the longest possible illumination pulse width of LED 105.

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

subframe becomes 278 microseconds long. If the settling time of the liquid crystal material of
LCOS device 112 is 200 microseconds, using the disclosed scheme, the longest possible
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Bl 2 1.5BOO0 0.75 [0063]Fig. 10 is a graph show ng
the theoretical read valve liquid crystal voltage
woronefierins produced by the LED timng set out iPCT/082007/012959
tabl e above for a nodel ed photoreceptor-liquid crystal
conbi nation of SLM 144. (The initial 2V value results
fromthe capacitive divider effect of the drive
wavef orm on the photoreceptor and liquid crystal |ayer
conbi nation.) [0064]Fig. 11 is a sumary tim ng
xllummatsdhaglﬂlém SshoBEDNgothies mBdmicaddeaondey &f camTEbef difficutie to dagbart enough

IIIummatlo Ba J ANeidt 91%' HF&I tlme The solution to
HﬂP Wﬁoﬁﬁég t\/% 21 M?% %gchnl %F of nan

" this probpermhxbemstrm facuﬂnsemaalbmewemé bﬁ@ﬁb@wlmgewgdﬂu%@qrtﬁé illumination
pulses of Eﬁbai (5§Qn<9fth%)%§%]e g _ tﬁe 'mﬂj V%%lb%e%ﬁﬁ Thus, the time slots
re M 0 of |

erence o - 065% reference
for the lowermyeight bifs gag beishortresd typieal tyoo uH%t SVPh2Qhmicieeafgngs.and the time
saved cdH 6&!u§&@k@le§§%ﬁ"iﬁ@|I@%ﬁhéilbﬂcbuléaérdffl.(ﬂitﬁ¢0$" errtﬁéTﬁpperwelght bits. The

eriod, the 1nmage bit ata_are witten
table beIFo)w presents an example of bltg and relatlve times for a ten- puljée mocFFfaﬁon scheme

implementing variable write data periods.

Bit# Bit Weight | LED Pulse Width
{microseconds)
B9 512 336
B8 256 172
B7 128 88
B6 64 45
B5 32 23
B4 16 11
B3 8 6
B2 4 3
B1 2 1.5
BO 0 0.75
[0063] Fig. 10 is a graph showing the theoretical read valve liquid crystal voltage waveform

produced by the LED timing set out in the table above for a modeled photoreceptor-liquid crystal
combination of SLM 144. (The initial 2V value results from the capacitive divider effect of the
drive waveform on the photoreceptor and liquid crystal layer combination.)

[0064] Fig. 11 is a summary timing diagram showing the modulation waveforms for one
read valve OASLM in an entire frame of an embodiment implemented to solve the technical and
performance problems discussed above. The following describes the operation of 10-bit gray
scale modulation with reference to OASLM 100 of Fig: 5.

[0065] With reference to Figs. 5 and 11, there are 10 bits in the exemplary gray scale
sequence depicted. During each frame period, the image bit plane data are written 10 times,
once for each gray level so that at the end of the 10-bit sequence, each pixel has its gray scale

combination of ten weighted values to provide a unique gray level for that pixel. The following
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once for each gray level so that at the end of the
10-bit sequence, each pixel has its gray scale
w@ooiteEdd on of ten wei ghted val ues to provi dePEI/URIOQTE12959

gray level for that pixel. The followng WO

2007/ 143105PCT/ US2007/ 012959 description traces

through the 10-bit gray scal e nodul ati on of one pi xel

of LCOS device 112 and its correspondi ng pi xel

| ocation of SLM 144. [0066]At time tO, controller 114
descriptiop Aigses thippah thet 10t eray scaleamodilging ofianerpixel AiACRS devige 112 and
its correspordirgf piRAGERHBART BLXPIagi reuit 250 (Fig. 9) to

simultaneously load into it an i nage plane pixel datum

B9 (MSB) from pixel wite.data latch 252 (Fig. 9). The
[0066} daitainta ), wohtrdlen 1i1dtcauked applzaforatf & heaetynal td fead data latch 254
of backp!eﬂ{ ¥|¥(8Iu<ﬁrc(1rt%§§ ‘:g;o %?J] gﬁﬁtagé&%gﬂoA% ﬁto?ﬁadt aneg';? plar)? \P(iexel datum
B9 (MSB)\Yoirt\ abyel woteodaa tateh phad ([ig e)e pliter ddta guaisdvristepsntal lalchy@d2sat the end
of the pre?t:u@ﬁ‘% %ﬁshd()GH_RCh in response undergo a transition

rom- Volts to +Volts at tine t1l to start the 16.7 ns

frame period. [0068] The liquid crystal directors at

[0667] t e the €, doﬁﬁ'@ﬂérolﬂ 4Qfauls§é§p|§|lﬁ:‘éh§r¢ ol 4 Ze5@ 2B DFivé Wolthge across the

c state o | X roduc
photoreceggcﬂrl@gkgoqﬂﬁtﬁblaz%s@? p@.{l\zfl 311 %e\vhlclp,ﬁ)r}(%qsp%ﬁ H%erg? aitgansition from -
Volts to +potkeht tinne &t foostart THee16.7 gus fchroe petiad. di rectors of the

pi xel take an anmount of time to reach a stable state
corresponding to the Wite Cell Pixel Voltage, shown
[0o68]  agTheRinsdinh ayystatidivector atRthg pixe! focation pk LCﬂﬁade\eg@éh%éespond to the

logic statd bf‘legledaQNm EP Y ﬁl%ldhgé a%ﬂegm W/éﬁﬂ/r:hg%él@&én\f’oﬁage at the

[ lum nation pul se of specified wdth for_incidenc

pixel 'OC%W L%'(H%QI cystal ffeCt‘?Fﬁ of tf’% F%’f%\ﬁﬁea%” £masnt of fimety é?acn a stable
state corrEi;pg:U’fcﬁig tdVirlel \ghiite Cal Bk /olbBe) sgen b RESRIrseTifk” B EFigure 11.

e e Bt R Soh A YRR B (38, PR GHL SR fon oo

of specifigghpvidtil 0@ ihoidene oddi{E2S aleviCASIRl This. isTEhewn as time t1 in that Figure.

UV light- hgr%r I@I%?Ofn% 'e| fngﬁwlhgtlfﬁlg )(ézlt”?éz x@yﬁqu?)gggte%%gp\ﬂﬁd§ \ﬂg}:vnc;ﬁ 112 and
reflects off fiehiraiceBirediat 4 tauslireel thet WY bghtcdleng »eile lg@th,dpf_’a‘gé incidence on

OASLM MIaatTr@obﬁ&%mgﬁarIneurdh&y%t 'Iéi/%lrs ROWeAd Q/falvbhéA@iM—E@zl respond to
um nati.on Wi Cell Pixel

locatized tﬂci{’eq”t diY s h'ohh%efr-séaf&%é\ar 9§ @ngorrealge ¢ r‘ﬂ‘@gF%ﬁ -6nvoltage that
correspon@enb itinel epticat bolvet bNbetly LEDENuir@tioh lpursenddd DAt CeB Pixel Voltage
for pixel 8%%{?:%@82& %%egsoov(\‘ﬁ% tL R%ggngnztra%rage p]E)g{:eliS gr?tﬁcurrrlr\]eal when the
illuminatiohopuleeichrrespgiding tQjatawrrBMB@nds[ OUreopbleess naecrmadeabm'bscontmues
ith th bAtd B D6 L@6e ks gof fer and the
" © a%ﬁé%e W dt hg %t? SI%VJBIEL}E%D@%%L&%%F ?%n 8pgslbses
progressively decrease in synchronismfor the reasons

[ooss)  demeS iirednhtehekesapdrdtingehat @ﬂ}é&ehDLcEicgs:gﬁalad]ﬂeﬂ &l HeDpulse widths
or uv Le@fubfipdief] i aBarrbiy b bt 8RO BRRTPEIgogfons described
above withirgferarge t2.Fg.rsandtiee LB dulsenwidpietabtel .UV HightRedgksCairiesponding to
the bit pl:—%/ngl %%llagftﬂgtgglﬁlebag gﬁeeéorﬁ %dcé’tr iha s nﬁ'snrg\sgﬁt%ythgcf?a!rﬁe genod The

' I'ns there throughout th
Read CelpCt %@'tageaﬁ@b'ts@ﬁ gba W%pmwgsamw@ vBlugeal inedd@mnd remains

there thrngPkﬁJt tAé rb&iCSt tee iamee éér?oeﬁﬁ%é bﬁ)c@% HBRIBAAH 8 dRlck Plixel of LCOS

on on read valyv SL
device 11£ ang its correspond?ng pixel Ioca%n on reaé valve OASLM 144.
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WD 2007/ 143105PCT/ US2007/ 012959 [0070] Duri ng the
entire franme period, which lasts fromtine t1 to tine

wa 2007a#80$| e pol arized |ight propagati ng al ongPCEES2007/012959
path 104 and incident on QASLM 144 undergoes at each
pi xel location polarization rotation corresponding to
Read Cell LC Voltage. This produces a gray scal e i nage
response of the visible Iight for display. [0071]In
order to assure a substantially nonotonic gray scale
response in the OASLM system it is necessary to

[0070] Chﬁbﬁﬁ el ér?tlr% E,%(N! éérfqdélv?'mh fag{s%rﬂ%ﬂé)ﬂ ttohthe tt4 visible polarized

haract er’i ne, outg pl ane
light propegiating slonontead Raih si@guent ingidesp epeA hNtaMﬁ UBAPWPSE 1t each pixel

location &&Qﬁf”a‘t\%ﬁrrb%tioﬁsﬁor)’gs'pbﬁdlh?'tESQQééEi @ﬂ&@%lt@gbsﬂ’hfsabﬂoduces a gray
t1nmes, optical u E%’ and contrast) and the read
scale 'maggw%p%atﬂféhq Yiﬁ'bleé@g‘é ¥ he timng and wei ghts of
the wite valve i mges (optical throughput optica

oors PR oo ool el aR 55, 5o st e omsi
system, it & nétmsaartyelbl charddierizecthe wratlevl:ghtrﬂldmmttoomhae@ttm@s a(tlse/fall time,

output w%m étg r\{i/g{;l)(tg/tnﬁ\ @ilm s%ﬁ@éht@p o'pgﬁtngﬁr&\c?afe‘??perature characteristics)

1'ons
write valveesﬁomeonsméﬂ%ﬁﬁtl rtmet'e‘eroplqal tbmﬂshpst Aed epnisagt) gnd the read valve

modulatidt Péﬂ'p%ﬁ@% e Aty ahd %lé‘_ﬁ%f Ql*ie it RavE Qﬁhbg@@ (optical throughput,
specific i ntegrated circult

optioal el G2 & @neah?@%wr'tecant 758 R iEp 20 Tebponse times).

may be r@2BEsARY & Bh&r@bleFiot tise faRINGAvedInotialation adspense tibeadit miad valve pixel
i xe

oo LB LS A 08 GRLLPo T orete 14
comprisimg xéla ﬁﬂadalrpgtavmnalelspgme@ arfayOFREYI off aatagdpfication beecific integrated
circuit Aiﬂﬁ%gf sk Fégﬁljg é"h# {_Jé% \%m%ét%gﬁﬁatl&pgamtgeﬂ@\l%@e a control

es O usetlmng, duralons
sequenceqd tesir patiers tp rpbéﬁilﬁéhet%qurﬁ? lerigtion daiaioven tgedpr §ealing the LCOS

device p|@%t§td HBd0te aRirdNHiRe1a8 pAepadRafiei rspdHaepr evi ous

di scussion. A nunber of approaches, or methods, have
been descri bed both here and in the literature, which

joo72)  Pr Qm'irﬁ@elyaﬁ‘ti arabesckorof NEdpidigertingstec Bobodimnents, one must make a

R R R

gray-scateemuelulatiomadii @v QAP LIviEst téscribad yin rtge rmawovafmd@cusswn A number of
2 n i
approacl%1 %ﬁﬁ%bgdn%?ﬂégg%ée% de ﬂeé’gﬂﬂt Abley aﬁ’@‘?n Wd liteBstBre, which provide

I's predicted to give the best result.
rationalegifarev@iring tiesh chAES®. al gorithne are applied to real

physi cal systerrs such as an OASLM Iight engine used

in _a rear ection vision RPTV, it 0 n_ t
00731 onSura Inecl i oBg LML SPRE grites e A Beter rosuts
than othfebmtm It@rrnns( Eﬁmtemm srrgnttﬂy gamytnigy mabinbfamics gfayeseaidemodulation, and
generalhp ol lml ege R/verk%h ver me %/ “ aFelchrl]?cﬁ%nPr\]/@Vtﬂemy r&StitS ERwever, when

Inear
these algdnithras ter applied tofeal rpbyma};mystemm as an QA:SL&% dight engine used in a

rear projeBidtOleividith REERAGH R doirh6n % obB&vEMRiMhe actual measured gray-scale
transfer function (EO-curve) significantly differs from the predicted result. The variation can have
many causes, including:

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

. Asymmetries in the integrating characteristic of the OASLM
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WO 2007/ 143105PCT/ US2007/ 012959 Response tine
variations in the wite-valve liquid crystal materials
wo/2007/a831e6hs in the contrast (on-to-off ratio) BPET/UR®07/012959

wite-valve Non-ideal switching characteristics of
the wite-valve, particularly as a function of
tenperature Timng or current control errors in the
wite-valve illumnation LED. [0074] The referenced
di scl osure nmentions a strategy for dealing with this

o VaRb&hidsklthe Vdtiatiosd Inpthe ditité-valve naaawmaltmaeﬁé)sc urve
of the target system usi ?fg n) 3h F?%ad% scal e

e moManationsin the ssgesidendpgiidanolqidng we Nstructs an

o | dRBh-iddaARGfiBRinG Wihatddiérishits dhanel eaits-edive] patiepibly as a function of
shape and Gamma. Finally, for each point on-the ideal
t r BAHSEFYfUnct i on one chooses the val ue fromthe

e NMETSMAEEr EWrénticsatrbliErtors B tbbogisivalve iltungnatiwal ED.
transfer function at that point. These choices are
recorded in a | ookup-table, which is then inplenente

[0074] i n t fMaegpkremed distiomumeoventms a Istretagy irerdeaf %H@FIW'S variability.

This stra'tetgé/ 2 tb%gé%tﬂgtth&% -RR O iHel RAbetE s V@sﬁgﬁ‘éﬂeaof the gray-scale

fircantly bit-depth than 't he geswe %e ﬁ1 d bit
modulaligm Ml ofteh P dhemeesluci Keg! YRIsTIFLRCtRE FlingResired bit
depth, sHap8 HRSA@haECIENY ir ehdh Poihen Hedidedlitranster &lregipn ©aR chooses the

value froFrggluﬁl %r@lag\praeg;%(%&u&ﬁ {ﬂﬁ% I% F%J?te%ntlgl 8 ﬁg etr%%vs?eﬁ fJUFICt Jrlleat that point.
These cBrblg@sr idréneaseleli nghlaylonb._up—tatb(ml whipB 0 5theoveveementaiisin the system
electrom%s ?t  Bis %e%oﬂp b g/h'tlf id &y Hﬁgﬁtuﬁ % BhﬁlHﬁ EO curve have a

I NS any positive- arit
significangapyghei @uﬂeptmzthghdbe desies 8y sHRBSEPeRHERD @RI BlstTul choices for

each poukﬂe&?th%%siréd HercohaPh. pr%@ﬂalé t$ust ﬁ%té@ﬁ@eﬂf R@ult in a near-perfect system

ctro-optical response,
EO-curvgpygn € Grraiesvis f e hael ) S B TR ISR AP IHara ighnon-ideal.
p0|nts mar ked 303, 304, and 305. In this exanple 304

IS oci ate an error h /oM |
[oersy esp e&n@’ Spgtfgi’%%y 565° 9% wo%lté I hggﬁbggu%grérkgs%gle contains any
S|gn|f|carﬁt(pc8mveFUdHrlty furhpe mmnggueesﬂacah@t/vedsunhtm melasurggE=O1curve 306.

Here 300} thﬁ-ap%ﬁh & 13 INPinsakudh ré‘#ecﬁrf -ﬁftkglrretsﬂo@s)éo%ﬁ& 30R s the input gray-

fective sum of bits does not
code. Hemu we haye dhreeheigniEsaitiveps i dhaeeints Aiajeed BP8. 3GHhiand 305. In this

example =84Cd fa‘é@o&ét%e%nb&n »‘éﬁbF ﬁﬁtheWMQBﬁtnﬁsIHP@JIéé Yespahyk, ghdBsbints 303 and
curve regardl ess of | ook- u choi ¢ e.I mag‘ S'Y'gg 24 bit. This is a

305 prokihit ETERRDON el 41505 18 Lo FePrpen PEST S B B D i

typical kn‘nhQﬂ@rd‘r ® BxpddiLis, wisicithec bitdaties stior of thetlowér bitsdddest mairmuite equal

the welggggg [I'gr réensi é?rgé g(gt Tlgiﬁ\%e% %8.%%b a%nEEBglsEﬁeg qﬁ?lésgm()g@lﬁﬁvarymg EO-

nou Creéa onabl e vi su
curve regartdidsacifehe [G176) k:hmoesjmadeo sm@|taeneha_f@enqmpaﬂéalfc@atwomts in the

gaps to Mk&s‘é%%m Hheisf 0 (%thWhEﬁge§?cfrEﬁ’inf?&%né@!é’tﬁﬁfélbonthﬁ?;trﬁ@dn&fgwe useable

h
s e e el s i e .

choi ces are made which are expect ed to give a

oo 5L Yo 090 5 R R b B ERIAG Uiy i ueot.
Instead oanTakirg tlosices &D-rhilde Sydtoemwidis, aeg curisat] thab e medictegdo give the

desired Eﬁfl Bgie! 8@0451%@ it ST oRsRe Rk P 061%%&3@@ non-ideal EQ-

curve with non-monotonic jumps at some or all of the "bit carry's”. (Bit carry's for a 10-bit system
as described above are the transitions from 511 - 512, 255 - 256, 127 -128, 63 - 64, 31 - 32, 15
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-16, 7 - 8, 3 - 4, and a trivial one at 1 - 2.) By

creating this deliberately non-nonotonic EO curve, it
w@aw7he1assured that the sorting strategy prevP@QUEB2007/012959

described wll always work, even if systemvariations

result in considerable departure of the neasured

response fromthe original predicted response.

[0077] The method for generating the pulse tinmng,

wi dth, and currents to achieve this deliberately
-16, 7 - 8, forh. e el eig dkT r 8.)dy erentinghiilis d@liberatelynon-monotonic EO-curve,

it can be dJ¥0FRNMBBE ih@%dﬂ'ngSstrélégyaBbév%B@fde%bmécﬁmllrﬁhivbfbﬁwork even if system
ve si mul

variaions 5t GRREBETAPI AR LY EAVEL ) [Roegha BT aNP ogpingtpredicted
response.vari ous pul se timng, duration, and pul se current
schenmes. It is fairly strai ghtforvvard to create such
~ tools using any of a nunber of progranmm ng | anguages,
00771~ and Tteemetheiion geBerating theh palse diBNing, swighy iapdscurreRiy bt achieve this
dehberate@ﬁndrmdtebIE‘EOS&IN(QTS $§ hﬁl%wts' Wb@tha‘("ﬁr%l&'%ﬂ%& HHig, ed?'ta% tRer similar

Sen usl ng revi ousl y- di scl osed ne
method, fgRLiEes SoUpe qfe@weﬁevweasmlqu%\c&% WRIFD 36 calouinta the predicted

mtegratedeé?%ﬂéf VERoab YuR8¥nhg Rirafidh Bnuidaisel tirbt sedmes. It is fairly straight-
desi red ‘QF&“Th val ue of 50%is  to correct

forward 1§ e P40 BT SREF0PY . STt & ORRT 5 P OHog e 2 the
usefuliness of sumM ;g os tsegiwiouhe 50% nunber is appr oxi mat el y
aproprlaefo the c rihe l.ues
+ FREDSBaNEL ot & o (i, BRES AT RBRLE ars cPREed TaliEsny of the
pevauslyrlisaesed matodSmhichishawd nesd in lrefulbstaletvialus of approximately

0, 1Q%|
SR B g SBER S S Db ) B

cyndativersifects of v\@@@aeséraemérdeéar&ﬁ%'uée%&'W&%ﬁtﬁpﬁ H&e 2% number

isbagprogRditdnd aﬁbidﬁmbfé‘?fd}/s& chbsislestitedehérec OtNer vRighinay be used
chosen fo % of the predicted

W
dGRA"Y H’tgs,orb&‘etq"f’er“%lﬁﬁ‘iﬁ‘lo °§Flm? 2) | ower bits, or
. Stﬁrﬁr@f Wah ethe/L BB 1€ 8w ayakehtat effbetivii weiyal oﬂ/ﬂd@fﬁucgémly higher bit

to . the 512-value puls 90% ts
stifor R BF L IR B ne B e oL BB el A
* This iprapeaied, foadgacht swressivély-bigher ttlhaamdt@%mth theulk/l§@ Thus, the

eﬁ@&w«? %véﬁrﬁdchoglji e tf?e/ W\){%é l/vnpt?e §P90u&hche '%Irec'd?%teag@é@hté gf the sum of

Fac hi's adj us
alg thedowenbigd, or h‘éeﬁmiﬁ‘y Wﬁgﬁiﬂfﬁadéh@t tb?tdﬁiltaéYVﬁ'él@t ﬂ‘H@%éO e 12-value

pURS s éG%‘%Jf Yhe &P#Pﬁ w9 8 ing dulackifeh Bd{mbl?h@ tY dFdctd tw 1-value.
not ed above. necessary, the entire a seguence

e
* IncRiFchee.rafesients dsPRgT At &0ene $IH1ES &F‘”g@nﬂ?‘%q griten 5% will be
eb®idh. Adsdoleghinad pfé&tice&l@@aejjlfseﬁ@mey anig riced tdesi apptled to a few of

v PEFROB PR el 08 bS8 3 AR S B P b e
vanatiohy nptedtdever i gi nal al gorithm of figure 12. For

. lfCLgéé'héérqunLyeﬁ.ﬂs ;mﬁgisghgﬁgc a%an%@tr%gex\‘aeah Jshﬁg MpRrent initial

are s non- nonot onl ¢ junp
conrdtions] Wik astesred fylbacele rasppnge3ang theaﬁ@swﬁsiaw%mrotomc bit carries
aleSachiDea007/ 143105PCT/ US2007/ 012959

[0078] Figure 13 shows the EO-curve (310), which would result from modifying the original
algorithm of figure 12. For clarity, only the transitions associated with the MSB and MSB-1 are
shown. Note the non-monotonic jumps at the values of 256 (311), 512 (312), and 768 (313). ltis

22



clear that this EO curve can be sorted to create a
snoot hl y-varyi ng response, and that there are al ways
W@Lnaona43105 or 2 val ues to choose fromfor any deSi/pem07/012959
measur ed response. [0079] Figure 14 shows an exenpl ary
method for arranging the wite light to the OASLM 144.
At bl ock 1402, a drive voltage is applied to an
electro-optic (liquid crystal) layer of the OASLM read
valve. This drive voltage is held for the duration of
clear that tHie EO-curee can bblsotkd 1alGeatena seoetitedaryingtrespariseaged that there are
I t e.
aivays o o o e B Rt oo e o kot i
: 1406 a light source/UV LED is illum nated and directed
[po79]  tRigurbel4 tslﬁcswﬁ aﬁ|@te&')pl@®eﬁéthﬁdﬁbt afrahgiyig thefwritbaighCaSthe OASLM

144, At QRE 130200 e \olite ROURRES o T BRLRPYCLYGHIT SRR Ieber of the

OASLM rddu salve ibdet drivenpdlipgeds delulyfor tipo suragjoa of dixpiage. tAngock 1404, a
selected VQI%F%tQSé Hﬁo ta' ?]Itl&%tl%ﬂrgfr OL(Iigé v«ﬁusf’ lvél@é tTtF\?s pixel voltage is

and 't controll er nodul at es

allowed tg ﬁ@ﬁtp@luzgo%tcglopl@ 1@Qﬁfq)|-|ghth@tggﬁﬂglvplhﬁ@és lltqﬁ@ngtgglmd directed to the

(front plan‘é@'e!é%t@foﬁtlb%ﬁér@tt@i;%sr W@ frA ttﬁiét?ﬁém @5u§:@> |ﬁtj]ﬁmatton of the LCoS
ornul ation an

Ive I'iquid ¢
s only aftp] HEiE T FERFS PR ABIALY GHPIe PEIE-{ LiF GuTBEL FIE dti by imposing a
response Grnyé;tdaalafy bétweehi e (rak ajie caontiotierb appieantnE0oleryed 20 the time the
[ t
controller WI%JU‘P%S 5 e, gi;ht s%agé/ va 9@21106%&%6%9\@%%0%%%8@%% 3/%@9 of the time
delay requingc dpperdsdending twrise-walve Plagidasryalal derewlatiognend enithguiadid crystal
temperatféy SEE bRt ﬁqlfl@%é'tﬁstt}ﬂ%' leld/elgﬁgahooe'sggtween 100 and 200

m cr oseconds wi th types quid crys

mlcrosecqrtglsmﬁq.{t\{e@Q@ '%‘@591”%”?‘%?%@ éa/s}?éq-rapqi éhlB@eﬂ§aQ§|vallues of 200 to 250

microsecéhid@Shald ibdehyd&mensfated\hi Pﬁarfah%ﬁ@néd MeagthehiaYifuid crystal materials
t he ones ass ted

reauire typgaEL B0 aFRrT RS, S G/Ra VR IR forDygfions such as
twisted-negnaticebsihgrell, sx.tbbantlah’)eslbwpnr tvamte tr@sastismﬂf elemysopamwtarly the ones
. v n
assocrate&%% lttgecéer e'tertz?rlné’( % ?J[ aﬁy @%gch hé;é s eC t(@ Cfgugh rt, they are
importanty@bssuge nappltorwbemaveorhm tmtrerad(yﬁtvehe source causes a
wite light pulse to be emtted fromthe LCoS at bl ock

ooso’ R FrF e 9156 e pBel abdREFEtopa® dre (RIFIRa wite voltage
applied, thealjgt from theeso@ABLdduses povrite dglatl puise ol emitiedfamethe LCoS at block
1408, whtt‘,\h 'is1t &{eééwto QHggﬁzCﬁfV gg%ﬁ”ﬂ%ej@ﬁ%L aﬂt tl)lée\ﬂ? 54?\?% \; ﬁ develops at

vol ater wi'te
the L.C lapen glethe] QABRY priopegionghte ﬁ@d‘ﬂtﬁ%@iﬁﬁ wiite tight pylse lp‘a gidsupon that

layer andcmesemaﬁtduéldmﬁé drifbegiabed rel lRAewhRCi@RASRisdd AMehfame, the
ewosv lta hefrarre revi ous

addltlonah\fwatﬁt li ?zg%g;_? itionad nftﬁgra?engﬁgl?a %@C@%?&S‘Q%Wé@ﬁ previous
voltages i framg dmbeoprmlmousdmb lighl pagrss for the bits of

di fferent significance is constant as seen in the

timng diagranms of Figures 7, 8 and 11, or at |eas
po81 e rpaciie errsabriwesn wrebinc e weyidual ue'tagé for the bits of
different élé’fﬂ@ca%%et@'cénéténtn@é sé&eid ﬂﬁzttlrﬁivl\bscﬁagrﬁn{sh@f Fig a.r& 7( tEhQnd 11, or at
least % KA, Qenblcglﬁ %1 6 8t #last pul
east excef, fd”&Fé H AR P T IRCL VRt s %8”8&5 E’B’l '861? € last pulse in
the frameldtis!) SBf rad iddsB 412, &8 slockdhas04,h108prd08 iayai T4 10ame repeated for

a 20047, 0 / 7.0 en :

each sucpéé Rlee?ﬁl(ﬁ}é?hep%‘éhégé‘ngfﬁ tt(gg‘r 48 %ég?ﬁ% %g%gg@;ﬁﬁ%cant bits are

perlod for a higher bit weighting as previously

descri bed. Additional weighting is by nodul ati on:

pul se width (the tinme the bsght source is illum nated

and the tinme during which the selected wite cell

voltage is applied); pulse anplitude (optical power of

the source light and/or the level of the applied wite

cell voltage); duty cycle; or sone conbination thereof

as detail ed above. This is possible because the sane

cont roI | er 114 d| rects bot h the LCoS backpl ane/vvrl te

I o o - . M Y



[0084] early this general nethod should be
interpreted to include reasonable variations on this
w@oemweapips i ncl udi ng appl yi ng the adj ust ments tRCHI$2007/012959
subset, or all of the individual bits, WD
2007/ 143105PCT/ US2007/ 012959 appl yi ng varyi ng
adj ustnents to each bit, using additive instead of
mul tiplicative adjustnments, etc. Al though described in
the context of particular enbodinents, it will be
presentech gpaieeift thedrane aad diteglatadl pyertehionget perirgt foa anhighrerbitweighting as

previously Rkt | ARYItIBAS M@?@hﬁx‘r{f—' i Bgngssutford: NRA& We@h mH%gﬁme the light

F whi | e f det ai |
source is [ siEiedaeriBn s THiSGLUAPR 1o SHodem BT GPhyolkee e appli; puise

amplituder embant pawsr dfitRs %oua:@cﬂyhﬂgmdmnh@eae\xeead tHeya@mte@md de@l voltage);
resol ut

duty cycleg c%r s% c(éomq%téon {mrqo‘gsuﬁé@%\q &ppv%n'rﬁg,sns *gggﬂble]because the same
controllerﬂdrltdlr@utsd:rdtly thehloWwS Aackptrsdwiiteast|lwotthge ampieatiort andithe light source
itself. Of nore enbodinents thereof, it will be understood by
those skilled in the art that certain nodifications or
changes may be made therein without departing fromthe
[0082]  SOnpe trendhss Piuldd irothd hamenragibeen @siteatad or Whtealhtepulse to the

onsu, B 812 S50 Bhel BESREHe S Pige % ot g sz,

such as byet brigl zefo-vptagealdripdvar by irengersiog potagifydof thg latriver ablt@e_. Note that the
OASLM ff%i?ﬂ@ Hlt’?dll?&borfjﬁ’éédqgotafoﬁcfv@Pﬁmeaﬁpély 'aflgr ﬁweslg%te\&tit]gqi\%ﬁm P&Ige is written

I Xe ocation’ o
and mteg(,egpqe As detailed aboveapttlgladyw@tageq(@ tq Mramhalh@hihéwgedqght pulses

within theoﬁr*slt @J@Hio)ﬁ cﬁ‘tﬁ}bi ﬁalﬁbﬁ&% frbr‘nbu% ”éﬁd 8¢ tﬁ@%u%‘e)ﬂﬁhths can still properly
u at ed source pul se so as to

apply the éamp{oqqagq.rmr W@‘%\@cel n r@& 515?&3}9% |r\mhg%t|qni la Kot HBP% émtn the end of the
frame eveth theagh fugtheheri light pLisgé brepnbtsent m the ISGCMd mdofrmdé trafR, as seen

at Figure qf1 ﬁq rr% 910 t Agool%lerce $ %X@ gy.f)t YVF \'/éﬁ\z?l whi easdtoI x%e different optical

repeating
read valv% thg Q;PQSLM friame ia axpprcgomat@iydthr@cmmﬁg tifeolengthpbf Uh@ierteyvalve frame,

and is mnl@ihzé@ ||r?%§g e\Mboto‘ﬁhéﬁt's|on@éﬁé§ﬁéeﬂﬂﬁe%@5@%hﬁ&“ The response

urce ul ses
time of the Ilqu:d cr)r/)stal layer in the OASLM read valve is generally slow, typically comparable

to or greater than the (read valve) frame time. As such, the readout signal represents an RMS
value of the voltage that is optically induced on the crystal. The OASLM is ‘read-out’
continuously rather than discretely, and the resulting modulation there may be considered an

average modulation to the desired gray scale level.

[0083] The embodiments of this invention may be implemented by computer software
executable by a data processor such as the controller 114 shown, or by hardware circuitry, or by
a combination of software and hardware circuitry. Further in this regard it should be noted that
the various blocks of the logic flow diagram of Figure 14 may represent program steps, or
interconnected logic circuits, blocks and functions, or a combination of program steps and logic
circuits, blocks and functions for performing the specified tasks.

[0084] Clearly this general method should be interpreted to include reasonable variations on
this concept, including applying the adjustments to any subset, or all of the individual bits,
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2. The nmethod of claim11, further conprising, for the
duration of the frame, applying a drive voltage to the
web@ctiszedptic | ayer of the read |ight val ve apdr/us2007/012959

integrating, at the localized portion of the optica

read |ight valve over the frame, voltages

corresponding to optical powers of the wite |ight

pul ses. 3. The nethod of claim1, wherein the

resul ting nodul ati on of the electro-optic |ayer of the
applying 9ptyirgabdjusmekentatty @aels bit, Lisingtadaitivefingtbad wf inhatiplicgtite adjustments,

ul ses. i ni.c .

etc. Alth%H%Iﬁ’ glgﬁcrﬁe{aﬁ Enothg tcloﬂtgex é{e p%—&gulgp%g’%g %%rﬁ% fai Wllflb‘te apparent to those
skilled inetblai&ﬁ/ﬁ@t annwplércefl hydi§cativine andavasiogemhrhges td Hheseitagehings may
occur. F%rre%l Q/vlljll'enﬁ)e@mcaé'et?ifst Rdve béeﬂ pl%@é'ni@dnig tﬁ@%n@xtwelo bit gray

ect hod of claim
scale res@'““ﬂﬂeﬁh@ﬁ%tQﬁ?@'“ﬂé@ébﬂP@ereﬁg%eﬂ@l“iﬁﬁ msd‘ﬁ%fﬁﬁ EasoiUfigp, such as 8 bits,

12 bits, 1Eiks, @lc.t NRuN il thé Yn\léhtlérehﬁ@b@@n %Htc‘éla@l |§hoWh| drk0&&scribed with

respect 15308 L IR B SRS G aRer. Kl St ndeisiask gt & the ot nat
certain mdtiftcatione ac Bhaigdshmag electibgd théretrewitiobut daﬂatﬁ@eﬁomsthe scope and

sort ot B b 74 s Ep pf ot HE BB AR Bt By ©

the optically stable state plus the tine that the

pi xel location is illumnated with the respective

pul se-w dt h nodul ated |ight source pulse. WO

2007/ 143105PCT/ US2007/ 012959 8. The nethod of cl aim
1, wherein the light source is nodulated in pul se
anplitude or '"duty cycle. 9. The nethod of claim1,
wherei n applying the selected wite cell voltage
conprises applying an ON wite cell pixel voltage to a
first backplane data |latch of the optical wite valve
and subsequently at a selected tinme transferring the
ON wite cell pixel voltage to a second data |atch
whose out put is coupled to an el ectrode defining the
pi xel location. 10. The nethod of claim9, wherein
the optical wite valve conprises a liquid crystal on
silicon device and the nodul ated |ight source
conprises a light emtting diode or a | aser diode
emtting at a wavel ength seen as nonochromatic at the
optical wite valve. 11. The nethod of claim1,
wherein the sequentially applied selected wite cell
vol tages are dispersed across the entire frane. 12.
The nmethod of claim1l, wherein the sequentially
applied selected wite cell voltages are constrai ned
towthin a first half of the frane.
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13. The nmethod of claim1l, wherein directing the wite
i ght pul se conprises directing the wite |ight pulse
W o00v1433eal i zed portion of an el ectro-optic | aper/usfo07/012959

three optical read |ight valves, and wherein the frane
is awite cell frame that is approximately one third
the length of a frame of the optical read |ight
valves. 14. An optical wite valve conprising: an
el ectro-optic |ayer; a backpl ane defining pixe

Claims: | ocations of the el.ectro-optic layer; a |light source

qarranged in optical comunication with the

€l ectro-optical |ayer; a controller coupled

1. O, RefHRIIRY Yop Mlygﬂﬁﬂg?ﬁ aFUEd | t%{v’é%&?nﬁrf%ur@e%ﬁr‘?& b fthie:

and di scont i nuou ura

WAPPYINSER peloget At el v tyexpp@ép Rbist lnchiieon 6f aePist yte valve;

Waftbﬁth‘éﬁ}id(éi‘ locnén athieved é}ﬁopﬂldéﬁi/ s{a‘bfeaétlafén ﬂ@ﬁ{%é?t}h@&hélﬁlxel location
stable state for ch thedggggled

with a me&qlgte@dnp%taﬁc&gce PBIS%B@S 1o 8”1' 7l ¥ [PIX%] ng,write llgl‘?\t pulse;
adirectitantre writehlighepuisenio at lovhlized pdréos elf est eldciw-optc layer of an

ol RGP TBIER P 2 0001190 VO 1 e

varqecrsially | rgbaeting, tieuranpéting oifgimingting and cﬁptacbag foe plurahty of
senectedlwraat;en/a&né%es %n@%é&ﬁéte@ AEFLRLRRE pigegM th the

el ectro-optic layer of the wite valve, wherein the

controller is further adapted to apply, for the
2. dhat methoafof tdngmf 1, &Uﬁhel‘acdiﬁ@r\smg/ gbt ageduratién of the frame, applying a

drive vol%@ecgﬂ]@ %t??tc | a,e/%r 9% Pr\?e%p&td "I Lv%v%d?rlmgqgé%/tﬁ{g}/ ﬁlé the localized
portion of é‘aJd)pttlcagreaddigh'a\tal\mﬂo\dr tmmﬁambemhagepbon'ed;m:ywmgotb dplieal powers of
¢ Jead valve as a function of wite light pul ses
he Wnteq‘ﬁa{ F961\ ng fromthe pixel location of the optical wite

valve is nmonotonic. 17. The optical wite val ve of

3. Ch‘ﬂb'ﬁwéﬂod"&?%[aﬁ’rhrﬂ tiRr&innhé @ésl,uﬁrng :%oaﬁlléﬁ&r?@f I electro-optic layer of
ulate the |i source after pi xel | ocation

the Op“cﬁ'crﬁP%\YQE’eﬁ aofwgm Plyhe waitst @@P&F@S b%/”"ioﬁﬁ@@i%g a

response ti rre delay after first applying each of the
4. Sj{h\%é&%&) C| a cﬁnal el | \\I/\\/‘Y?%lfetéﬁ %%natnn@sg‘ngﬂélxg folﬁéf?og'}e\éﬁért ff‘ Sachieves an
optically stk siate Fompesashimposingen ssipeose timardalay o firgohpriges each of the

selected Wiite COPvARIGLEal write valve of claim 14, wherein the
control I er "nodul ates the |ight source pul se w dth.

We clai

5, The method of claim 4, wherein the response time delay is constant for each of the
plurality of selected write cell voltages.

6. The method of claim 1, wherein the light source is modulated in pulse width.
7. The method of claim 6, wherein each of the selected write cell voltages is applied for
a duration of time approximately equal to the time it takes for the pixel location to achieve the

optically stable state plus the time that the pixel location is illuminated with the respective pulse-
width modulated light source pulse.
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20. The optical wite valve of claim 19, wherein each
of the selected wite cell voltages is applied for a
waleroat#ans of tinme approxi mately equal to the tPEBUB1007/012959
takes for the pixel location to achieve the optically
stable state plus the tine that the pixel location is
illumnated with the respective pul se-w dt h nodul at ed
li ght source pulse. 21. The optical wite valve of
claim 14, wherein the light source is nodulated in
8. ﬁmewemqut%m brwhlerein thecliobt sogrze iTmeodifated an pulsetamplitude or
‘duty cycle! ovalve of claim 14, wherein the backplane further
conprises a first and a second data |atch, and wherein
the controller is adapted to apply each of t he

9. aelle;a«e\quad;/\asﬁ &1|§mcel Mh‘éﬁéxﬁ @@gwgytr@pfélwe@ vitrite @8Il Wolthge comprises
. ce |.Xe VO a 1 .I al a a . .
applying 1 HM B ee e Biede &g Adiet fansERe AR dich S fhe opyoal write vaive

and subsequchty aeh keleotedames trandfbreingafve QN Weiteacdlatixxh vethagseto a second data

8 5 MBS B le  Pne

optical wite valve of claim22, wherein the optical

10. "‘l“l‘let BetdvE &&Hpél \%ﬁéreﬁq IHeWHtidaChiet Pived Bomiblitéa fiquid crystal on
device and t modul at ed tight source co

silicon deyicgRPddhe t”i?‘?dd’gbata‘i’ dalt furee FOERASSH B H_NeF n?‘f’?%@“’ﬁ? oj @ laser diods
emitting atavRivergth seenasorBdRenandEat the odticdiv@itoptiveal wite
valve. 24. The optical wite valve of claim 14,
wherein the plurality of selected wite cell vol t ages
11. drte mpfiaded dainas, Wherel thespeusatialycanpdisd tsktectadt write cell voltages
. dcal wite valve of claim 14,
are d'Spe%Qg‘émﬁSt%ﬁe e;{{}% ty of selected wite cell voltages
are applied so as to be constrained to within a first

12. hﬁHJ m@ihddh& (flél?fm? wh@a@m the SRUBHEANK PpNed 3eiRdiRdcell voltages

r% conput er readabl e instructions
are const@a@e‘gietpfvg %@ﬁté‘ﬁgo&F JEABT toward enitting optical

wite light, the actions conprising, within a frane:

13. aﬂg a'%‘legﬂ)d ?f C alﬁeg ¥ el llnth re%{e nd/t o\l»/ﬁt%Q%h?Eu@e Q; %g:{i?es directing the
write lightt frdsgpioxaliodatizat ponioacih lae\ﬁé@:tl@rppjptlaml dfyhreeatritisalsiead dight valves,

and wheré||r||tH5nﬂ%¢'r'ieJ| A% Whe c%l!xf?émé M?é Abrkikdatdy '599%1?& 1) lbh&htof a frame

se so as emt fromthe piXxel location
of the optigg @édl"EQhYal‘{ﬁﬂ se; directing the wite
[ ght pul se to a localized portion of an electro-optic

Ia|¥ of an oaﬁtl cal read Iight valve; and
optical write valve comprising:

14,
an electro-optic layer,;

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

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

a controller coupled to a memory and adapted during a frame to sequentially and
discontinuously apply a plurality of selected write cell voltages at a pixel location of an optical
write valve, and after the pixel location achieves an optically stable state for each of the applied
write cell voltages, to modulate the light source in accordance with the time at which the

selected write cell voltages are applied.
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sequentially repeating the applying, illum nating and
directing for a plurality of selected wite cell
W@ lovagpass and nodul ated |ight source pul ses. PGI/UT1967/012959
conmput er program of claim 26, the actions further
conprising, for the duration of the franme, applying a
drive voltage to the electro-optic |ayer of the read
light valve and integrating, at the localized portion
of the optical read Iight valve over the frane,
15. vidlet erjiss! woter ealpewliclagmt @, émhefanonmmtgsa@foptlh@ repd tight valve in

optical cohin@tHicRIdnSesh th@éiec&&%pﬁ@rﬂy&%’f tRé Q\gft@%% Whdkdih 28 controller is
rein the resulting dul’ation of t ?electrootl

whe
further adgpipgto gPPYLor B alon Elie Ve e liAge i AN sleciR@ptc layer of
the opticaleiati@ight @iie.pul ses is nonotonic. 29. The conputer

program of claim 26, wherein illum nating the pixel

| ocation after it achieves an optically stable state
16. dovepoptat writgpedve @f alairesth) ndereinnbe deswaing friceiulation sif the electro-

. i . h | ] i e .
ontic 1ayeBBPLE, A BEER Votlsrf 345568 o Ykt Spfitdes pafEg rdff e pixe
location opthegipdicah v@ge valveremenpiepia esponse tine delay is

constant for each of the plurality of selected vvrite
- cell v_oltag 31. The co ut er prog ggof claim?
17. wiher nticat wate yaha OLGIRITL &4 WhaB BRH P rdtPsariRAde rﬁnodU'ate the
light souree afté"Mmecm@ubeamq@r@gfmcafn 6;bt&iam 3fablevbeieiby iedebingfa response

el.ect dWI‘I volta lied for a
tme detayliferticERgRmd facar iR sraet A e qelySRobhe (e i ¢
takes for the p| xel location to achi eve the optically

18. | ll\%b{g[@u:%t i lﬁét ;'&%WWE wiredin ttlh? rddpbRke i tﬂ%ﬂgé@ egonstant for

nate e respéctive pulse-w dith no
each Ofthlelsgiﬁd%%\ﬁff'@ecqﬂdpgéges 33. The conputer program of claim
26, wherein the |ight source is nodulated in pul se

19. 2!{% %ét%%?wm{@eyag\(% oﬁéd S 1%@%#@{@12& (arnrogrg I prgglg&%rt}\g fIig ht source

pulse widtol t age conpri ses applying an ON wite cel I pi xel
voltage at a first backplane data |atch of the optical
wite valve and subsequently at a selected tine
20. tTrenerdtieal wiitg viehe d@iviaimi 1% wherdin peachl of Woe selgetetovriie cell voltages is

applied fo?eaceﬂ‘%tagﬁto? t| ! &b r%ﬁ%@el?léﬁgé'lt to ﬁeqmlltqgkéé)ﬁﬁ'rihe pixel location to

ectrod I nin | ocati on.
achieve t%m@u%w ‘Ef?%'&r%i?ﬁeof"u‘éltﬁ? s thajHee eH"f?'t"l’Fé‘“@@cfﬁéUH'T"ﬂﬂ%’ with the

respectivePilbé- QA Sh@lifed Vl?lhtts%uﬁcﬁi puisnl t ages are di spersed
across the entire tframe. 36. The conputer program of

claim 26, wherein the sequentially applied selected
21. WiHet eplcel wrie ivilages daien tonehermiméw ightwiobihdenisambiuligted in pulse

amplituderﬁlofut)péycﬁé?e frame.

22. The optical write valve of claim 14, wherein the backplane further comprises a first
and a second data latch, and wherein the controiler is adapted to apply each of the selected
write cell voltages by applying an ON write ceil pixel voltage at the first data latch and
subsequently at a selected time to transfer the ON write cell voltage to the second data latch
whose output is coupled to an electrode defining the pixel location.
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23. The optical write valve of claim 22, wherein the optical write valve comprises a liquid
crystal on silicon device and the modulated light source comprises a light emitting diode or a
laser diode emitting at a wavelength seen as monochromatic at the optical write valve.

24, The optical write valve of claim 14, wherein the plurality of selected write cell voltages

are applied so as to be dispersed across the entire frame.

25. The optical write valve of claim 14, wherein the plurality of selected write cell voltages
are applied so as to be constrained to within a first half of the frame.

26. . A computer program embodied on a memory comprising computer readable
instructions to perform actions directed toward emitting optical write light, the actions
comprising, within a frame:

applying a selected write cell voltage at a pixel location of an optical write valve;

after the pixel location achieves an optically stable state, illuminating the pixel location
with a modulated light source pulse so as to emit from the pixel location a write light pulse;

directing the write light pulse to a localized portion of an electro-optic layer of an
optical read light valve; and

sequentially repeating the applying, illuminating and directing for a plurality of
selected write cell voltages and modulated light source pulses.

27. The computer program of claim 26, the actions further comprising, for the duration of
the frame, applying a drive voltage to the electro-optic layer of the read light valve and
integrating, at the localized portion of the optical read light valve over the frame, voltages
corresponding to optical powers of the write light pulses.

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

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

achieves an optically stable state comprises imposing a response time delay after first applying
each of the selected write cell voltages.
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30. The computer program of claim 26, wherein the response time delay is constant for

each of the plurality of selected write cell voltages.

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

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

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

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

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

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