OPTI CALLY ADDRESSED SPATI AL LI GHT MODULATOR AND METHOD
TECHNI CAL F I ELD: [0001] This invention relates to
wopte7ci@bl7y addressed spatial |ight nodul ators PORBISR®Y/005531
sonmetines terned |ight val ves. BACKGROUND: [0002]
There are several distinct technol ogical approaches
for generating a visible light display, particularly
| arge size displays such as those characterized as
| arge screen televisions. Liquid crystal displays
general ly exhibit high resolution and advant ageous
thinness (e.g., about 3 inches). These are typically
limted to sizes of 42" (diagonal) or |ess due to cost
constraints and the fact that a drive current cannot
beTEEALLY ABDDRESSER SRATNYLANHY MODY 1ADORANS METHOD
silicon row or colum drive line, requiring
significantly conplex drive electronics. Liquid
crystal displays suffer fromthe drawback that a
single pixel can significantly deteriorate resol ution
over the entire display; |arge sheets of glass have
Tefceweral Bege: panel s, so the yield loss is highly
[0 Rﬂgtl | near a”?r\g%fe ASeR1aMsh ogb&mb%)ldébség Spe{thpﬁé]t modulators

her techno arge displays is.plasm
(0ﬁ§Lé#$SPGﬁU”@®ﬁWﬁﬁibgﬁdﬁh%%0|aIIy avail able in the
range of 42 to 50 inches. Wile plasma offers good
thinness (e.g., 4 inches) and a wi de view ng angl e,
resolution is not as sharp as other technol ogies, the

BRGNS addressing el ectronics: bal ance bit depth
agal nst resol yti on rathegdthan maxi izl

n
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sane Eyg Ie- pi xel. shortf

SCIFFS PP &Y i ILéq%‘g Yl giéslp}:alﬁfs %e“grr?ggl }XE?’%?’ il ﬁesodu“o“ and
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ons and are se
mdifigeé nidng hlvrtmt éacdmg[ ﬁfﬂ@ﬂmﬁmh‘tonam\/ peazpluprropem liop requiring
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above qui d Crystal and
thas| aasimelet p rrsh csggrvefécanuzr dﬁ@@?ﬁaéﬂwfeé?ﬂstlmv@ntﬁb |eatizgciglpy; large
shdid gﬁglgsfs }éggfé\&ré? NeSe Phell RahEYicidBE it NnBAkdriiedf ARY decreases

romTtesol ution and/or brightness (e.g., contending
wiflj dipplandizent |ight for a very large screen). Light
val ves are at the heart of projector systenB m Xi ng
shades of different colo ed

[0093H bl ue) to ProfEe’ h'?ou‘?giy éﬁ‘ggﬂg% md%PIaX%I Br pg“rﬁmf’ héglevision,
coflinSl ¥ @EmiefiRJR. available in the range of 42 to 50 inches. While plasma offers

good thinness (e.g., 4 inches) and a wide viewing angle, resolution is not as sharp as other
technologies, the expensive addressing electronics balance bit depth against resolution
rather than maximizing both, they are generally heavier and suffer from ‘burn in’ at the
display screen ovellr time, and they suffer fro'm the same single-pixel shortfall as liquid
crystal displays. While some research is ongoing into using organic LEDs (OLEDs) in
large displays, these typically have a lifetime of about 8000 hours or less for such high-

power applications and are seen as inherently limited.



Hi gh tenperature polysilicon (HTPS) inplenentations,

such as those nmarketed by Sei ko, Epson and Sony,
wgeneriasd7y use an arc lanp for illum nation yePCstiskdo7/005531

exhibit low brightness at the display due to aperture

constraints (ratio of light to area of reflection) and

parasitic diffraction. Further, resolution in the nore

commercially popular nodels is no better than that of

pl asma. [00031ér Liquid crystal on silicon (LCoS) |ight
0094l ves are usEMbIISEARY PrOISAEON dFlEVisionds beemIBE (e Popular as

thep%wxfca&b WhRE Bf thdaidve Praidieivith Jiaeid c@ﬁgrﬁhﬂtpl f¥ma faehnologies.
ar

e di spl ay rket. . Wi t hese i nprove
ProioRIO P SRR BT ST OSSP B RS 1By D P gorer from
resoRlibh bRdlad bit@tdess (hgy caltadingseitlaambieat lightfof ®very large screen).

1 um nation [ | asses
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arnoun romthose’til
dlfﬁaurmiarFuaber, f€3006pn D @pmre p(prglnprcpﬂlmmggglph@o(lmp)no kﬁtter than

thatt(fgf;glg&llapgy for which Texas instrunents is well known,
al'so uses an arc |anp and generates m d-range
bri ghtness but | esser resolution than LCoS. DLP

00§§]h' bits eveanug:h@fysﬂal ghtsiliRa SETobNABhl CAITes Glidused b@( Sony,
pi nning 'color wheéel' in a |t|ontomcror${%i a )

JV\.Qﬂ ard ¢ hpB o8& ofheE @?ngfaﬁﬁurea%’ ip g relpievelycRyRrplt sqement Beufispiay

méi\tﬁe'whﬁe ARENINSTo N BASR Y afl@ évéﬁLﬂBsdlﬁtuﬁf aadir HTPS)pbehlai]@y for
thasmlellglht val ve; ht val ves
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betvhah tHeldrc vony zChdl’tﬁE dkplagomiengi uah!;tyﬂ fm:mght Tobgew & w:osn to be 35%

ot her technol o Each
or RARHLE tf’r?geré'ﬂg’r %%%ﬁ“%] Q@{Acn l|rlo""r?idcaslu T ec]feh%glel?o%h gvemors
sedTotil laisen gs ﬁmefeacm th'EHl(soS ecld®ldgy, bmusmmpelt fiplf is fost between
oncer.n Ei rs dj 0 i o 1 b
bR obr Bl Bl AR BER b S ren el fost o
difftazéon f’smhﬁlgjshyllermnﬂarwear VVI th cost. Second, optics
require that the nodul ati ng surface be |argeenough to

collect sufficient light to drive a large display with
joooar f i ci ent r edvgitd i kght apracaseingHDRESs 2 trREnolet ffeiyBigh Texas

mﬁlfungarnts i€ w%h%%(vﬂ%l@@ u@antalF@laWdagehBﬁtemnﬂﬂﬁa@g‘é HpBMuLss but
result 1n lowyield and high cost for nanufactu#(r{1 due to &

legspgsolptiystham d GoSp %%Fé‘eP gven\Raghter light logsga dhan

spining ©ofr WaERNOhogMitidaal RRabidRcbas gat smpeenostsfhdyisto the
reater than about 42 in

Lt Pl tse] GReRe - GrPRBTOThE tPadBaPretaipoinet

ligheieemilfiple light valves for different colors are seen to drive costs high enough

that DLP would not be commercially competitive with other technologies.

. [0007] Each of HTPS, LCoS and DLP dispose the addressiﬁg electronics
directly below the modulating surface. This leads to two competing concerns. First, large
area CMOS dies for the drive electronics are highly expensive; increasing CMOS chip size

is highly non-linear with cost. Second, optics require that the modulating surface be large
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size of the CMOS chip and the optical nodul ating
surface that drive up costs in the current technol ogy.
weLhMvAR¥:74. [ 0008] Jn accordance with one enmbo@CTEIS2000005531
the invention is an optical device that includes the
follow ng layers in the described order. An
electrically insulating first barrier layer is
di sposed over a first electrode |ayer, and a
phot oconductive | ayer is_disposed over the fi
endygh tp epllgchprfficient Bk toesriveon faTe Aigplegygh pudti aﬂegfpﬁéﬂa‘"’“ and

brigMRdss t gﬁfe Bbxm&ﬁ@dﬁﬁit}kﬁwer&?‘dhaﬁﬁé and B @@ﬁﬂdtﬁag pmmlfa_sraba@ result
ayer errnes a ume .t hrou t |1 C ur-al It .

in log} xlpléranérfa@sC%r g”d?%}b‘&”&‘gﬂ‘g |13g%%“83‘Pf{j préjediind. Shmat is

neddod i Ak iaRGs & %Britﬂlo@ahﬁﬂ dﬁﬁblbﬁh&ﬁg’e scfeefl H&pﬁ§£(ﬁé g)ngatérl‘than about

carrier_confjni a li ht bl o | a
42 Grebpnouth Suret FER LR B B ) B o BT B g the
sizé bOte QMO8 chpl aaa itetbptiamaeh atiditing bﬁu‘ﬁd:e tﬁht deif ¢ epbmst&em the current
) L ¥er i s disposed over the light blocking |ayer for
CCPRYPRCting 1ight within the sel ected wavel ength band,

a birefringent or dispersive |ayer is disposed over
SUthe reflective layer, and an optically transm ssive

d el ectrode layer is disposed over the

[0ob8Ir ef r i nipeadconianeti Wik o5t wmbbdyrent off the imegntion ds apeRkep! device

tha?Yr?c'iudeg Sfo'i]lg gnig%'éfs tithf’r{c Jc@&ﬂc@%@&é W’?‘Elep@icgﬁn%gaﬁ& first

one anot I nterveni ng |ayers na¥
baijrigt éwosédil%pemeewrtméﬁrfabﬁvémé%éwr’b@ai PRI %Oa@ctl"e layer is

dlsggste§| LRY thairhfiesarks! RYer. [ Q00 kict Boufifg Q’@J%E §s \Mlsfpbsed over the

anot her enbodi nent of "the_inventi n is a
photakandycipeiar T -Thayarisa copiTalaveedittes 2 Mo e ‘gf%f‘ﬂﬁd”mh :
phﬁ‘alft& {o?tcaﬁigp @t{dﬁg hr\é?inép@bé@di IA @é&Md:dl‘l@dnﬁﬂkdlr@Vsﬂéoﬁdh?mer layer is
first conductive layer is gr arseni de
disgased VEy B R OBYGH LG G EQiTE A KRBA Fogerosed over he
sedd)ﬁg ﬂnﬁﬁﬁ:a (ayeNor 6loeking lighd df)a delestel atawélgngthyemd i & reflective layer is
i sposed over 0
dlﬁpgse&ﬁg’ﬁbg’gd %"\/%F’C{“ﬁé ]@feé?%/rrﬁeg%ﬁ%i“gq gE?sfﬁvlﬁa R Siglg(;teng%ve]ength
baﬁﬂ]da dirkfripgentbbodispargivé ayer i slighosgosed tbwepﬂQdmeze layer, and an
opfJ cagllg{t ggsdn%(s:stsl’\lé n%gclfo% e\%\}g%té Ilaly%h b&a&%ﬁ%dp g)fviaraXﬁé I}?Je%@nt or
didgpase layer.diTep tswd dspesed t0|'°l€f Idp@htot firply Khatdghd layers mtéhble bonded
to bi€a %Iert%ﬁgw (ﬁt &ing ﬁg,las% de' Ja;pogéd tiGeSEE GbEL described

wave ringént ayer or a dispersive
kwh&wéﬂemﬁe@ﬁsﬁ@s@ﬂ0%ver the reflective layer, and an
optically transm ssive second conductive |layer is

di sposed over thebirefringent or dIS%EFSIVG |.ayer
[00RPT h t he I®ptsoEdanc aghcmodspgrbodinent e te iBYBEY t‘%ét’“?imd for

madkAWLE miufii-Rily 6100 SE6ka0 USFicaANALRIC nekt)ed fitss coductive lapgtliy prov1ded
that the di sposed | ayer necessari

anii 0¥ R PE) GRREPEuRT e Ve B BB o F YRR A ¢ @
terth fOt@uFe REStHAASBOII 425 degrees C. An electrically insulating layer is disposed

over the GaAs layer, a photoconducting layer is disposed over the electrically insulating
layer, and a light blocking layer is disposed over the photoconducting layer. The light
blocking layer blocks light of a selected wavelength band. A reflective layer is disposed
over the light blocking layer, and the reflective layer reflects light of the selected
wavelength band. A birefringent layer or a dispersive layer is disposed over the reflective

layer, and an optically transmissive second conductive layer is disposed over the
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wi t hout departing fromthese teachings, and severa

such intervening layers in addition to those detail ed
weahowvaoz7e particul arly descri bed bel ow. BRI EFPOE®SRI07/005531

PTION OF THE DRAWNGS: . [0010] The foregoi ng and

ot her aspects of these teachings are nmade nore evident

in the follow ng Detail ed Description, when read in

conjunction with the attached drawi ng figures. [0011]

Figure 1A is a schematic cutaway view showi ng sone
birgfriagenit of diseersivayancs 6F i bprpbcal dyvigtiehawesiby tﬁé@éﬂ‘%ﬁy that 2

laybt @RtspbhedwWvat mou{e%%m naﬁe)%gmgatttﬂe aebcgsmgemessmmy must
the inventjon. [0012] E@ schenatlc dlag bl
be dp gppigst wih rkhf'glﬁysf PE" ¥ ﬁ@osg AR layers 3¢ possibie

wnaemzépmag frofOhtsd te&k@hgsﬁarﬂcﬁew&aas\ﬁﬁ vt niag tHyatprianmddition to
o Fi ure I yet anot her
tmﬁﬁg%ﬁﬁﬁ%%?vef @iﬁf“@ﬁé@ §%?£P%98We schemati c di agrans

illustrating novenent and trapping of electrons and
holes within the | l'ight valve of Figure IA
B CRIP k1211 48 %%S schematic diagrans simlar
(oot@ Fi gure 2C Bl febgpinggndedtbert asperds ahthesroleedhingsiarg mgde more

ewldenttnt) ?he[ t%g%gﬁg;__ﬂ&aﬁe%clg%gné%ql t»v'hér?‘ I’eaﬁ 3 E&rﬁ&nc@x&q f\&"\ﬁ\' tH9 attached

ure equl val ent “ci r cui
dnwepgésmn$|ng certain layers in the light val ve of
Figure A [0017] Figures 3A-3C are simlar to Figures
2B-2C and 2E respectively, but_ for the enbodi nent of
00t lgur e | B. [ O0EEPIeFil Guisea sschematior Paweievigys sheying: g of the

dlsgﬁ&\% rP604d OBtidady /ﬁﬁf!‘@s‘ééﬂ Spdkiat Dl%hd MoBiilaloRYOASLY) abbfding to
iment of Figure AL [0019] Figure 5is a

a“§@l‘?@ﬁﬁlef‘b°fdr‘%@?’ﬁ?ﬂ%‘f a single spatial |ight nodul ating
valve in conjunction with an optical engine for

o BUELReT Forhag ol ettt dmc, O0EAL FELAUTE ) Liowing

a dvfreienibddip@emtunct i on with one type of opti cal englne
for together formng a projected i mage. [0021] Figure
7 is a schematic diagramof three spatial 1ight
foorgidul ati ng Figure 1C is a schematic diagram similar to Figure 1A, but showing

yet another embodiment.

[0014] ‘ Figures 2A-C are schematic diagrams illustrating movement and

trapping of electrons and holes within the layered light valve of Figure 1A.

[0015] N Figures 2D-2E are schematic diagrams similar to Figure 2C but
showing electrons and holes pairing in the respective second and first carrier confining
layer.

[00186) Figure 2F is an equivalent circuit representing certain layers in the

light valve of Figure 1A.

[0017] Figures 3A-3C are similar to Figures 2B-2C and 2E respectively,
but for the embodiment of Figure 1B.



val ves in conjunction with another type of optica

engi ne for together formng a projected i mage, and
wablew/8kowi ng a prior art arc-lanp source over Parustmn/ 005531

conpari son purposes. [0022] Figure 8 is another

enbodi ment of an optical engine configured to enpl oy

an QASLM according to these teachings. DETAI LED DESCRI

PTION: [0023] Optically addressed |ight valves offer

several advantages over other |arge-screen commercia
[ootstagi ng t echribiegi‘els astivpvas M eratig e rRFetilg) foppeveral of
the%\'wbxcli?&lers %hb‘h%o&lﬁ{éﬁ%@xgﬂ@lml ysilicon. For exanple,

certaln enbodi ments of thrs invention offer

significant cost advantages over these technol ogies.
jookdyght val ve eﬁg@@'Smﬁrht&h@fﬁ&iﬂdlb@%ﬂf&@%r{gl@ﬁﬁt@b&@xt ffddulating

preserve etendue to a re S|g i ficant Jevg t han
valye §] efyngtion wihap Pafg‘iaégnahg*? {ﬁr’o t%gsrhaf OTBGARIPigpted image.

nodul ation or nultiple |ight valve systens mnth

limted surface area suc e wth
0029lystal on sit®BEEN® & §§F€%a%céf%gf e%ﬁgve pRatial e ribautaring
valv o Ge porij@lckize dvias oaptyipe af dphirduglgpnet foetdgedice fiyning a projected
. through disparate optical devices. Wen a |ight source
'MA&- coupl ed to an optical engine, etendue is a measure

of the optical efficiency of that coupling. If the

%ur ce is al ﬁ‘%ﬁ{e’ '{1% gns@h'&mﬂgy dlg%gﬁr@tl Jh}[eebs%a{lﬁaﬁjéhlt Ynodulating

preserved Wh e source 1s n poi nt as are
valvesimreinjungs@dwith ahetheretype penticehenginefomtogsthercfosninge projected

1m$ Cgﬁgag'ls@sfﬁyk@ﬁ%é bﬁq% Jr@‘ﬂr@ﬁ sREGAHIRAiR 9&1‘ &%paﬁ%ﬂ;drﬁﬁes

dm a non- poi source to a nodul ator
typically very poor |argely because the nDduIator is

poggner al | y; semg lis {ftitbr en@o&meﬂt 8@5‘@15%{ ticACerpfcohgited tdemploy
I nches indiagonal), so ht not directly inpinging

an (Ho¥l M pecardivg fathsse ‘i%“‘l“&st if not effectively nmanaged
for etendue. Merelyenlarging the silicon-based chip
size is not cost effective because to do so would
reduce the nunber of chips nade froma single wafer,

DiEfah 663 DUSIRIPTIONET Si ng sone of the efficiencies that
rive Moore's | aw ont | II decr.easin 0 r

(0023} p. The rel gppgﬂgfbaéi?m%eqqﬁn A’lges cgtlt’”ear1 rs];edvecr:o S?t% g‘ntta#g over other

lafgb-RE@@én exienerdauhdghg tehlnrm@wse;udmse\/lﬁm lidoidlsirggal ohsilicon, or

Hi 8@%16P18era&%‘e E’ofg Elggn ﬁ&] &am%}/eo Icgr@lJl Xm%lﬁﬁxeﬁt@ of tﬁlp%entlon offer

art uses a high
signitfidast Easg) hdvasmgcs:evguh@e deschaplogics [Lighp valvh @Q@Oﬂir@ﬁts qescribed

hetéqr? Qi{ gl%' @t &gseﬂr}:d h%dé & §nudtOnB¥LSi %F?i@‘ﬁalﬁoﬁ(/elcﬁ]%‘ Pe§ection

eer OptIC out put power . an_arc
tecrhmnbgmerl;slr‘rgoﬁolahdeql@qm'r @Qd‘ﬂémﬁ ae “E}I]Pll?}er]e%!t a‘@é‘f?ePDtStemS with

1“’55%&0@1'%951%3 Qicit W % thBGeRL AR ha\[u@vdr%l er@ﬁ&)netﬂlgﬂ@%t Etendue

_ ution than nerely increasi wattage at .the Ilq
mabob SRR B OB SHPH PP BBV UG CispaRigeptical devices.
wa¥Ph GighNusRNiS tcb@plbd tOhn opfiill eh@fidRdnagé @sa heasuré bEthe optical

efﬁciehcy of that coupling. If the source is a laser, étendue may generally be readily
preserved. Where the source is non-point as are commonly used in large-screen imaging
arts, étendue becomes a significant factor because optical coupling from a non-point light
source to a modulator is typically very poor largely because the modulator is generally
small (e.g., a chip measuring less than 0.9 inches ‘in diagonal), so light not directly

impinging upon the modulator is lost if not effectively managed for étendue. Merely
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addressing electronics lie directly bel ow the

nmodul ating optical plane. This is detailed in the
weackgosaimd section, and | eads to higher cost ao®/US2007/005531

| esser performance due to the tradeoff between sizes

of the CMOS el ectronics chip and the opti cal

nmodul ating plane. [0024] Figure IAillustrates in

sectional view an OASLM 20 optical devi ce according to

an _enbodi pent of, the inyention. Relatjve er
enlprging e sdisen-bpsed; G dge ot oo T Rt 5@ P reduce
thedh8mb&ie yf F@:ﬁ%%ﬁdlé)m'ﬂn raelslaglleV%afeﬁ, effetiaelgt fwérsingi gueesf the

1A-1C are for Jon of the various |layers .
oftfnapeion 0 s Mosie S s 8"8?&86‘&.%5‘??%“%?0%%?’@% e glation
bel&feen chﬂpVWeChrﬂChﬂ)Btesmda (la‘nenmrtehéoubdxpg chiphsizeviapieghsn doubles the
con B BT e, T bR RS Bl RP o r s o
highi gowee WiBtel Bgtdesoick lsech wd 4 arcelapec whbse liglg ldltlﬁefnemetrhdetsd and

| A E C i
o4, L st AL B K SR gpeg s amp
rurfsi geuty ehok Apd aequrict gottineebdty erpblamenzz Eropadgments 10 rﬂtﬂs invention
(fsvucgef ?Clgo%zgiegernttéa tgﬁ%M %Qer&l?rﬂ&gggx‘\:é v&alf'tg%é" afe QII;GJ Wgﬂg source.

, and st ant ansm ssi ve
Fubb@rhomtipelly pddrpssed ekt Wdh@? avqeé thel RpstaRdd other %Bnologws that the

ad%m cgl@ctroqﬂﬁrﬂezdlre\sﬁpbe]gﬂ%e AfoduleRy @ﬁtﬁ:aﬁfﬂ@ﬁ@' BRiY iP@ailed in

not exclusive materials fromwhich t protective
they Papkesgenid sztifyarsle I o EPED 5 7, ketep mtigERaRGe due to e

tral@fBhetdder Sizad Jf RN SINOSS3cerofRE ahip lafd thedbptifAtmddalating plane.
el ectrically conductive and transm ssive to light in

the visible and I R bands. Transmni ssive conductive
[ode@yers are knewrd DA tiinstrates u(éﬁeﬁ)orfabmewmrmASLMLE dPeical device

T P T SR e
1B1&}8 3ot tanchle M%Nﬂﬂbo%r@%elzﬂnvwbd ARSEMNHBE FRASED A-1C are for

SPATI AL
1lll§lﬁﬁapﬁrdg§tlﬁgvar%ﬁ ayers aﬁ%?%nct tlltvlgs2 sésstll‘ne gmb'ﬁﬁ%%é%{&f ﬁ’&qres 1A-1C
ardvishh @it adlid ses sedd frépipthe ¢gf)J tha sartidus lawére défailedbelptvdm the order of

to;r;r? ertt'()?lo n@gﬁrretﬂll ]..?%?SC\?{E&(} Yift SJJB%yfﬁ:r;tKIt g‘u{%dllé"@dgécplbed with respect

IS esse transpar ent
tofite d\ffesmbb@o‘#elr g fRura i, andtfegurat €gs ﬂﬁChbﬁgthlﬂmrﬂSpeCt to its differences

Vg“;%[glte The conductive |ayer 24 substantially spans
a oss section of the OASLM 20 in order to provide a
rel atively uniform charge across the entire cross

[0§2§Pt ion. [002g} F%%k@mtm&oteea%s@@ﬂefar 20GBENCE Froft Subied 22a of
is a birefringent or di jgerw \Y;

thg AR 2Py BERCESt b WHGTIHnG IRES: B s el GPaTisave to lght
in Whﬁ\tth@{nsibleyzﬁ{dahfrhﬂa& (IIRN) baidsu ﬂlwsﬁsa@ﬁhlfhohudrlza&ﬂ; Zn0, and GaP are
e"F@p fagidnctxt c&g&ge@g%rsl%/}g Ce b?-lllcﬁgtgnle pggt%fetgvse c?v%r]gyeq 2%6may be
foﬁ‘h@ﬁ&ﬁ&dﬂﬂkﬂe}@rdﬂ&bﬁ\w layaarrd ik apmh!;ranstxvasortdhc:@r Raytet is electrically
.colnguc]tlglg %B%Fr smlF]sweé‘]oahﬁEnt %fthé I\jlglbhel a%%tIRV&%HS t”Fr%nsQ%%M goQ)ductwe
layers are known in the art (See for example US Pat. 5,084,777; “PROGRESS IN LIQUID
CRYSTAL LIGHT VALVES” by W, P. Bleha in Laser Focus/Electro-Optics, October 1983;
and “DEVELOPMENT OF GALLIUM ARSENIDE-BASED SPATIAL LIGHT MODULATORS” by
Michael C. Hebbron and Surinder S. Makh in PS/E vol. 825 Spatial Light Modulators and

Applications 11, 1987). An exemplary material for the conductive layer is indium tin oxide
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each maj or surface of the birefringent/di spersive
| ayer 26 (i.e., both above and bel ow t he

woioEiws21gent / di spersive | ayer 26 as il l ustrat edTius2007/005531
Figure IA) is an alignment |ayer (not shown), for
anchoring |layer 26. An exenplary material for the
alignnment layers is silicon oxide SiOx. As wll be
shown, since the light to be nodul ated passes tw ce
t hr ough the birefringent/dispersive |ayer 26, this
(cokrmyenty HEQY vdvigly israserafialis trenrpatentie Yisibletlighgprd aenvaien IR light

onBS1iEMy. a1l QBLctRRISyeH 0 IsGSst AR ASpahY & &8 BediRn IR IKNGASLM
i ncreasi ng switching speed and resol ution. LOOZ?}

20 Eepréey toREo vider telativgi¥ AnITaTS plares 468055 ARFLiFBEIPES sqetion.
d| strl buted Bragg reflector DBR 28 or cold mrror
nore generally a reflective.l a¥er

ri sed.of
[°°a§1el ectric mubEPMaie FHPATPRt FRAdUEYS (AYeT2Phion? Pretringent or
dls§&%ﬁ6tl@f$r my&h&m@ fiqbianglystdis KisAu@ X, mi:l’dther matenals whether

B St e ) LB 15T s 2 v
2614 eﬂk”dlth@ bé1l Bﬁp Where\,ﬂ Byl 26 izosnbtistygtallgl dndfngm ste«ﬂ @opathnt as this

specira 0] .
layﬁﬁ g%fir{e? 1@8&1]% %‘é&e fhg!]t winlégttﬂg d&%ﬂ:ﬁ a]é ?+ @Lt%r%tﬁclr% Flankmg
eaghamsjoonirfaca of dret blmﬂnagent/ﬁsmme br[yen 2t 6reedpth @h@vc and b@if-)W the
oo oS % U ARSI TP 0% oln il 5% o
shdwmhtor andhring l4yer PR r\ln@hcmp&amwmtemﬂefowﬁdlbg@flemﬁ@y@rseg gilicon

ox F%Q{)' o)&?@sﬁg%et% ﬁng'lg gghtotltbempcﬁﬁatla?¥>§§se¥§vxcReThﬁough the

ayer can j uste desi

he DB
blmﬁy@rm@sspptssv@ lpyer @6 GinipeeriGed H“lbj rm%%f}ﬁae ragead light bplf as much

as ff&r a %91%93' pds§ deRc¥ayelagrgthsabe iinke? ThirBakdg0svithidy égeed and
| ocking layer (LBL). As an alternative, the

fesé’ﬁb’@& ment of Figure IB shows a first DBR | ayer 28a
simlar to the DBR | ayer 28 descri bed above with

reference to i.t ed .ov LBL 30, of
06t entially | g%@’ %h@&%ﬂ%@?%‘ﬁ%ﬁﬁm\%ﬁ?}'&r pt caasllsv%ﬁté?d Bragg
rem&aﬂ UBR gt hﬁc@ﬁbﬁdioﬁfﬂmer ofofel gmcenllly A raﬂebﬂe lagert eommprised of
S dep05| t ver a second .DBR | a S &0 ed
dletlebclrlq_xf d'tﬁ,l%naisA tg 1s re F \éc r\rvén}m aa Y éél%(éteé ew%vrcla BE\R%F%{/ or In one
embBbinat, veddresdihge thLls3ﬁfra'ﬁdi anthehe moslulatsdrrpadehghtdy @fsible, so the

D};J’I@q e)% }e eCts llLlogce hg tﬁ]I Lh%dwggleog\énde haél-g@sbs%fégtegfspectral

I'nt or a ress n can be consi dered
weezd@ngssoﬁu@pgc itd pass s«pjetmehamnquqnedofmeuw lgyigr 2Hamay be readily

turpeldttg lﬂgssloqﬁgﬂe%lrgglhléf% dﬁjﬁ@ of %ﬁgeéﬂ &)hﬁ'lat Jran H@N &Rer“’é&he OASLM

part eSSes. n an exe
20€frﬁm tierfeamt surfase 2BBRR-28he slodpBRE remidishp g aqueseas light), only the
IRﬂPg‘riiﬁwftmeh@LJxﬂe Ritdiost i EMREedQb taBnaE th@dnfghhﬁé/DBB. 1ayer 28. The
ferent refractive jndex_for é” Lf ngt hs of b or band
DBR fayerdt candigadiugtedipdgnien A E!PPBFFQ% rF’a:"o’i‘f’t" or ban
pal AXEdRr Sh&dific TR vadvd nBiENoRATIS @Bmbhafibisvithntthe gidht bloeking layer
(LBL). As an alternative, the embodiment of Figure 1B shows a first DBR layer 28a
similar to the DBR layer 28 described above with reference to Figure 1A, deposited over
an LBL 30 of potentially lesser thickness than would typically be used with the
embodiment of Figure 1A, which in turn is deposited over a second DBR layer 28b. as
compared to Figure 1A, this embodiment adds a second DBR layer 28b between the LBL.
30 and the first barrier layer 36a.



arsenide GaAs. In either inplenentation the DBR can be
made of a variety of materials including but not
woizoa7iesk7s 0 NbOb, Si 2, Ti 2, Ta205, ZnSe, Al AspCGaR007/005531
etc. Wiile these descriptions are in the context of IR
addressing light and visible read |ight, these
wavel engt h bands are exenplary; read light may be for
exanple W or IR leading to different materials used
to formvarious layers in the light valve in order to
bl ock/refl ect the wavel ength bands for the non-visible
[ooggad [ight. [A929] bRelktailad bglotv) efdhOIR BardAof 1atek“dsg Fir addressing
| ocki ng | ayer. 30 par at e. and di st.i ct f
lightgaar ez@n5@¥§§ AR R PEYE TaheS tigh P? SyiEmese,
caldy thél hdllight, | fghtwhidhhétat msaylcphs SIR Banﬂc&ldtdseesDBRn laayexemplary

oG L 8 TR 0L 05 e BT g e of

mapaihs hai) a dﬁfﬁﬁedtltgﬁhctb'leon&emg)rlgmr waglalge afaptepmst, such as
tltawéuna%lo et 'f‘l%n%% tsﬂ'% @"’ﬁr deaéIbé aba%@rﬁgu%e%rge%(ﬁedAiAg and gallium

érest
arsapige @@wsatneeltmd lmﬂ@ltnemntlm the dPBR @At ha pad¥ed al yagiaty of materials

m&&ﬁ&%ﬂnﬂ% AxfLa t’%%é '@ﬂ,e'f' @2, yazéb oHISelAm‘sC G&[&stéié Cw}ule these

cts as an op a i}ﬁlnvarlant el ectrical
descoipionre ate. i iiket cmicxtd@fp dadelgeseing t it kand d vigiblee Fead; Hight, these

walvbighsh R4 88 AEmphsy;tB& deM B8y bh o aRagid W@r IR, leading to
resi stance and or_ i nmpedance of the |ight bl oc

difffgisrarmajerialy B3 1B forpa PRI 1Ry <ThiE i HiEROYAYF @forﬂ?rgtﬁtblock/reﬂect

thd WeJeli@Bth BHAGS o khe NOALEsibIE ré-a 1fp@t.0t herwi se, the |ight
bl ocki ng | ayer 30 woul d have varying el ectrica
propertles that woul d i nduce uni ntended |i ght

dul ation at Re@ayfifig 26 FRiguré e\, entight biecitisg OziyeFBQu sgsrate and

ot P DB VS Bl D BPRSE B A 5 e

light, Giek intag dasy ethcStheiBBR hajfer a&magﬂbaﬂgss titzaur 10084 sfficient in reflecting

h h d j -t h
SRR LoD, 25 kbl . T3Syt e
alsa»bﬂamllm tnged Orirappei tor paniklinabmortesedactpd [Briwader! intemst bheelecting

ndga er
« BRSBTS g 0
geaerhld)swab@memrm ehlﬁma@i etk ag saeoptigellid tnyerisnstelestriagh Pwponent

Thaggsr E&%ngﬂ&ghqle El?lﬁfo'f @1@@91c| & E&I%égcrogébclg_rdé?lcg‘Ifl?e][‘coa:pﬁmfcancc '

resstaneplead pf h’épeﬂ'r"aﬁer?@ ébedtﬁh;fr é}oykwallqyeh &0 gpesopyay tvéth the intensity

of %%}ncﬁU&mﬁoh a Wte%d@ t@ﬁegﬁthgﬁggel ﬁfeshgheb@ckmg QA}?S 3@kvould have
el’ectrons) generate e absaqr ect.ra

S e St e b1 05 OSSR  yer2

théd JIe\/r%d(n@ang:, olf tHigites mAnmh fapagathe owredr pédierape Igédhe device
el ect i e across.t.he e S 24, 38).. .a

ingERBl o dPYE e FETGRIT it SR A S0 i 20 15 Mt any charge

caﬁ&[ﬁﬁgd:rtemnﬁmhefeﬁﬁhmtsam dived. (Timpeutaerie offthet ght [blgpling layer 30 is

segﬁteg to Q@ghxégléf Hoso P g gg gtl,tra'o‘wml1 gx% gl?eQ?)d &%Lﬂe{‘&ak %q;anr%ga’p of that

S
material (if the matena] has a bandgap). The light blocking layer 30 may be made from a

low temperature material (see the description below for the carrier confining layers 34a,
34b) or even low quality AlGaAs, InGaAs, GaAs, a-SiGe:H, CdTe, or for example fine
grained polycrystalline ot deposited GaAs, such that any charge carriers (e.g., holes or

electrons) generated by the absorption of spectra within the energy range above the
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carrier confining | ayer 34a and an optional second

carrier confining |ayer 34b adjacent to its respective
wopparsiesk7eaj or surfaces, is |ocated bel ow t he PCEIS2007/005531

bl ocki ng | ayer 30 and is where the addressing IR |ight

is converted to electrical charge carriers (holes and

el ectrons). Due to the reflection of visible light at

the DBR | ayer 28, and absorption or reflection at the

l'i ght bl ocking |ayer 30 of |ight outside the pass band
byaer prashed livhd (EBRMMey fernop 8eparde kndgttheniptied eleotic field across
th%eé]&QEO%gS Qan@8pfaddnﬁﬁfe§§ﬂe W%E%grnﬁ‘c%éﬁ' tngczjc{(\:)?bger tﬁ]e caepac]tance,

phot oconduct or "portion 34 of ot ocon
reAiSnGIdMPRES ehike “é'@‘é’éo‘ik@wc'hyf}ﬁﬁét oconducting | ayer
32 wll likely generate carriers and as such the
nge in capacitance, resistance and or i npedance of

ch
(0P} ?s | ayer as ‘APPetUupng Ryery 32 isbpar it Bighre 14y19s having a first

cd‘rﬁét&hhﬁgmgtlaﬁtlsna genat aitRnal 360bddedeidUoARSing Mer 34b ad_;acent to
ent er 2(”%beIOW|tsth reshol d voltage s

R P, B AT R OR PR e PO favat 30 and i
whary ethe a[cﬁ@a?ﬂlhgﬁlﬂi elgbtmiﬁ abx)Iveﬁazﬁ abi akctfied é}ﬁ e camers (holes and

elgér}rg)g%?glg AS, }8 1oB| ¥ V}S bﬁ% Ililﬁgt e}tggq b}%{&%ﬂ ng absorption or
reflecioniap s 1fghOl:Thobh(t‘gA3/et 80 &F @A&uts‘ﬂ&ltﬁe bay Bﬁncﬁﬁaﬁ@’ﬂses the DBR
la&éar%e ﬁ. 'pi (f)iﬁg G5 seliltpct ang % é‘aﬁ‘ﬁ%?r}’%%‘%g 3%?}?ctri]tﬁlt§{ﬁ§0§%conductor

nment s e
PQﬁﬁortnE‘é ST5) ﬂ@arhomcohmwmfd@b@r ofAnyarshiiglgrtbattdvesrraacio pBotoconducting

la{/eﬁf 39 w1ll]lﬁ<glyoéenglgga O Berl Qn(?asogucﬁ(}{y c%gi{?gga )n cw']ac(i:tance, resistance and

I ncreases resolution as co ar e
oriipgedrgen af B laras ap adersedshy ﬁhe orsidyabicad bglatucmhm it mygesnerate a

voT@@éGc%%%%ﬁe%r@éﬂ?%@@nsZ@rbglot&hhg‘@ﬁéshton:ﬁ()ol ge% A" not cause

ot oconduct or | ayers at use a rearaddres

mg%‘@?tHQé'rP“WF@jH@“éV@P”Ph%& it is possible to addr ess
the devices of the type described herein fromthe rear

s.well by usi ng appr,o rlately se] ect ed addressi ng
0% ket ral wavel¥h %\&d“%tF“ﬂy oF dfophefgeanductsst {aﬁ?ﬁ 32 is high

qmalﬁfy%‘a_llalrhd aﬁerﬂde!: GgAt; hﬁsm]ly?fﬁgﬁeg inh ahD AIShdIH %ﬁt’i&lstﬂ%nﬁllnGaAs

to anG%r Is: dTéﬁgltraé!%rz?ﬁésng Etgxg%r 1£yth}:\<,‘g<g?ns%g$pr l?%ntéentsooft m?crons and some

exphxptaqe)erbbamtems d)afmrars] rintht lasef itliSknebvon Nthe rdﬂdk& cﬁ‘f hdnlaﬁads of
p con tor natery

naLQA] §§s g?ét%l égt%f@gec}r??)g nmsg O\Nﬁ |nélﬁrolnf‘? aﬂ’uﬂl& f"‘&éﬁ?}fes resolutlon

aSIqogmredrtplthlgb@ hyAk@ﬁasec‘aaniw@Ass aheoxppbcfterrdneﬂictfve Najiele These

leﬂprottlggl@ﬁgslégtdr@ gb{nﬂ%/fe E)ha ZE\I/fl l&to%g%né”ck&lglay S Ltencey A rear-

as w | det al |ncnjunC|onvv|
adffepsipg Ff‘@l“}"‘?'br NetnitawryaeHet [tdy epssBia tq aditess gbo ddwces of the type

deﬁcﬁﬂaﬁﬂ BEreHPRbMNAORAL ad AXBhy 38R & ?ﬁ%pﬁﬁ@lyss‘ép—:éka %hgressmsg spectral

[0032] The first carrier con Fayer

40
waglspeiPs BRe o by Fmevingg e BAteBK VAT 289 drondipe(the remainder of the

strﬁ&mbatroezd ma@eriah@hat €€ @&@n@a@l@r&%pé}&ﬁf th Nh& QelbAYE fadcﬁ‘ég)ng spectra.
nated with %enl C precipitates (o

re r
M Of bRIBRs RO BRo8 Gre o i BF NN OYIBART Phire In/GrAYGaAS/AlGaAs

photoconductor material with its high absorption properties upon which the incident light
impinges. AlGaAs and GaAs are preferred for the photoconducting layer 32 for
manufacturing efficiency, as will be detailed below in conjunction with the first carrier

confinement layer 34a (and second carrier confinement layer 34b) and the substrate 40.



nodes) that substantially inpede novenent of the

charge carriers near the junction between the carrier
woand7ims2a1g | ayer and the insulating |ayer 36a. pCinAais2007/005531

second carrier confining |ayer 34b lies nearer the

substrate 40, and is also inpregnated with arsenic

precipitates or a plurality of sone other energy

barrier nodes that substantially inpede novenent of

the charge carriers near the junction between the
[00@Ar ri er conf ilhentyst syEer awaf"t% l3vs5 &ﬂatlieﬁgﬁw&yé‘?@ ¥igible light
bnong el 30t (dsCkatBSted o GRE NickaHdr bﬁ-ﬁeﬁ@&ﬁﬂrﬂm@ga)leamb) and is

da; 34b is preferably betvveec{l out five andlrtvvenﬁ%

lmm%&waf?ét With arsenisnRFOERIET A8ne . THFIBHHen Pl RoTBS LS Crplgy barrier
nodedy Ea€lsubdtaly Nehpkdy %{cﬁreﬁxé&, oB4ix Vi@é:l'lg,g dagfetke medrhthe junction

confining_ |ayers.to, absor n| fi ca desti ned
bergn {HicoitT GEORICEET S B TR PR TH, SR corrier

condi lnﬂﬁnﬁy&n&lf N&s hdueerChe I‘suBsftraﬂ?eDM)I M alléty Gﬁﬁre@dkﬁe,d @4dth arsenic

|
SRR kb % AL L B50 Yo bkl s
mopeErﬁ@1t th&ic&nﬁrge [c@ﬂi'ﬁ:ﬁﬂ neAn tlm)gemnioal‘oytwmt] dhid @lrigraonfilmeg layer and

carri.er .conf.ini
e B e B S RN YL or 34,340 i
pre[efdbl Ghétsveeh aiWUt ﬁntpelrcm“wne' gmomntefsidioneremhpdimgnt. High thickness

for%é %”Mif c@%ﬂhgq afdts bIG44Ga axg{iée?rthé Q\%ﬁﬁg@f%@tsufoeabsorb

um nu Um’ar seni enot ed
sxgt‘f@f@amrg)asiemeﬂ afort the prdteaondu@ryathighi iy gndgsiabjeodfiinner

dm?e'ﬁs@né Sgl EW&M‘I‘% 1 Q 345‘ @4gaelnsur§a}§§ if RrndRbp@dally active

mat eri a typically w he range of about

anm@ttsgehaxéwé@@rs are W\eﬁ’@&§d hﬁ}erﬁﬂ Pre@pifdesy s typical |y
grown at a tenperature in the range of about 500-600
degrees C. In sone contexts, éer nedi at

[008Bnper at ur e GAASXCTPRIPRYPHEZ! 5‘” © F%et%@ng\gg%%iﬁﬁ%“‘mly
terfB@ 14v@ TS cRAItuIE ré i @RIl ARoide &ADted 25 Idegﬂeas low tiaperature

that the a ove are_inexact r
groxyindiEe eal “‘a?%e“kqfoaﬁ? ﬁ atsh@n(g?‘i‘cg% g'?sve}c_ef?efayure grown
aludﬁﬁmﬁ%gnglyn beees abmbl'tétl aél'glﬁ“GSAlEHMs dﬂl(] GeAs,Cm‘ﬁviBmianghc other
r .34 tiona an it { rri .
LT@O%LFFHFHQ'SI%VV 8t a3 pyer LIPer ureg}gn & nﬁﬁt E‘aggrgélls(gﬁ?rrna%er_lals)’
typadadiy twifhiiv the trangl W Albgut ﬂ&%@%ﬂ@@&@] véeeapeorpal” GaAs is typically
grole%mbgp r[gm%)éc'ratu ﬂisﬁllérr%n%ehg'ﬁ_ BJL‘% [d’O'Oe{ e%Qfd‘ n'IHgso}r@y&)htexts,

|ca acti v gur e strates an
mtenbddntmwmbsremrawm Gmrreﬁﬂeéef@ohﬁ IFerGpps, is grown in the

dodvd Helifgh h
LS 90,30 HECITE 8y s e

terme plaF @t Asn st TEE S a6t peeknoriiie it dier pd b g iRspaiggly defined by
tenlx;ﬁ*)fﬁ[n% 34 a5 3dbmnchrtiiecARaiact @fb‘}uﬁﬁ)' MEoptidn@l and eltY or both

graethetran3|t|on For exa | ayers of tw
calrifE CARFAEPE i BFFarSe nithe MPK 2RSS arha?@f“eﬁ& ERRS 2helyf g to twenty
natir888 9 RehyRENehb&IifBAS to assure that the carrier confining layer is not

optically active. Figure 1B illustrates an embodiment absent the lower or second carrier
confining layer 34b, and its operation is further detailed with respect to Figures 3A-3B

below.

[0034] A separate interface between the carrier confining layers 34a, 34b

and the photoconductive layer 32 may grade the transition. For example, layers of indium
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phot oconductive | ayer 32 and either or both of the
carrier confining |ayers 34a, 34b, conpositionally
wgnredad3®mom pure GaAs at the photoconductive Payas2®2/005531
to a nole fraction of Al GaAs or I nGaAs along the
transition (distinct transition [ayers not shown) and
turning into LTG GaAs, LTG InGaAs and/or LTG Al GaAs at
the carrier confining | ayers 34a, 34b. In one
enbodi nent it may be preferable to have the carrier
gadbwrhi arsagde ajiaAmadedot AIGBAN Gadds wi tdisposspdsiwécongie GaAs
P EbhBgd0 I%Yérwgnoo@me@ggn%w Wfie LBVRE 3l Gel¥aa, 3,

be made of
oqpRasitignaliy gadgdfron @uig @afrat Abcophgtaspeductivy balyeniftoggmole fraction

o5 UWha AL LM IREERS Qlld"h%t @& thandiidn C(Elsﬁﬁ‘cftr t'r:ﬁfsﬁronpﬁ%rg‘ &lot shown) and
enbodi nent @gﬂédve conpositional l %@ graded series of

turyhg prdo bl Gafs TCehkaa sriitor LTkzANGa et thiedrrien opafining layers

343}19 08, @h BAE EmbdAimbiNemb8e hR& S8 BB va Y &Hl&%@ﬁﬁﬁlﬁé&%r made
%b?é hot oconducti ve | ayer. [0035] An optional firsSt

IAéy‘é‘Fh SUEPIS S BPGiEE 10 PHENG PigtoceRyctap layer 32 which

may)mfelrﬁudégoﬂ AyEas3dasand Ih(béfAé 2@ hhe Ws%kdlﬁﬂatésaMQIT@-QdGaAs are
e carriers tra

Thi s rev nts c ed wthin th
S PrE PR EBAPTRr I FAYET rapretl S Qpibyrgroodiment may
have\mmlboslhendliywhdetdl @ckd oflayay ef PC'lGaAElCGztAlﬁand/or InGaAs and their

BB DIEE LB RIS OB R Fhg T

34b and a Il ower electrode |ayer 38. The second barrier

gg}%/ er 36b pr eV&Htoﬁufi'{hﬁ”fﬂ?t Eﬂglélj ?arﬁ/g E&Eé) meﬁqbg{\ge ch e f rstgcamer

ween the | ower "el ectrode t oconduct
cqnfipeng 1aver §ha st biadishbblpélans lewerfiOn| Tids lbxay@ns @ikge carriers, trapped

wQﬁHQﬂgﬁ% c%cm{fﬂﬁ{g th 399?909{1@1 gr }g t'o%%f“fﬂgfllggﬂbﬂgckmg layer

| ayer 34b i s present. The barrier ers

3Rty HEETBSHITER £6-orh §976nS aRBonshPaTien layan 36ndics between the

sedB@t Bftier ShRXBTRYS Y4 Bides 1®]erfdcnbBe IRRF B erTlJeas)é@Jrﬁl barrier
363, ,36b is any insulating material conpatible

la ¥ %&%?V@P%P@e catiicrs am ZigHtiAg R Lar MerlowPesgpfitgde 28 and the

thdaaﬂauonag WdYleP U oRESRB EtfridY ARAnRE 1ARY 38 aé&%&g ®n whether the
ower el ectrode |ayer_ 3

°P§W§}5 oisePd t%““%’r?éie‘f%‘ Kt b HRGT S GmBOt A A mey o

beagadd Gwm iha sking umeezﬁeA\ at: e hovwdr. CANANEhPIEry3Haeasidfon @Ae barrier

la?er\sNe %I%tacgﬁ% lu%/ t tor arllgu a ng3 glateﬁEr 2l 9 patb%% 1&92%@%' %nggerg such as

alin@aAseAlldm arsymdé A\l@mse aBimiplme afse@idé AbNS oo finyMi}lecttio petkrial.
InGaAs (of any of various nole fractions of In), doped
GalnP lattice matched to GaAs, or a conductive oxide

[0@3¢th as i ndi urdbei lewsxictetrédsofmyenB§ thaiOpe deposintdedor, and for a

foRl4r8haliLRY @nb8intcREaGRASN wpéh{ealtﬁthlﬁg\gexf c%(xdllg]c@@r 38 need not be

epi taxy of the device, or in
OPélaf}bt FapEnipy | EXRPIR eufriBl @oﬁhm&warecqnﬁuw labierc 3 énclude

do%gd @A sAGo R IGAR s Q&dartyhﬁ‘ vaRbks &QW&]CUIH@O?HBS H%}i‘*ﬁ 8nGaAs (of
ayer 40 is preferably a wafer nade of

any various mole fractions of In), doped GalnP lattice matched to GaAs or a

conductive oxide such as indium tin oxide (commonly ITO) deposited after removal of the

GaAs substrate used for the epitaxy of the device, or in fact it may be the substrate itself

which can be conductive in which case 38 and 40 are one and the same.
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serve three functions. First, it is a nmechanical
substrate to support the overall QOASLM 20. Second, it
woayo7aos27as the | ower el ectrode 38 in oppositi BOTUS2G0M005531

transm ssive conductor 24. As illustrated in Figure

A, an electric field (preferably AC) is applied

across the lower electrode 38 and the transm ssive

| ayer 24, as will be detailed below. If a separate

| oner el ectrode |ayer 38 is disposed as shown in

[0Bfigure 1A, théhe ﬁH’;‘T@Pé%ﬁfi“?:&lﬂ"jfe@bly@wfe(/@aé?@%@M% egd may

sl thBERSURGEs 248t #Gs & erE]ﬁh@lﬁcaﬂblﬁfsﬁétQ% &fgbﬁ&&%\épﬂmﬁsm 20.
the entire cross sectjon of the OA

Seppide ftriaty 3135 the lpaves glosiredst 38 woonmytlawo the tagemisgive conductor
24| oMEILGENY Gh BiguadAl AR e&@BEH ﬁae (bRY&EDLIG Q&@&J@t liégcross the

a t. necessar rnat i vel strate
lo‘ﬂﬁyﬁi‘“ﬁ’ g%3§é1¥? “1erf§atﬂ‘F“a’tsF]Hé ]W{ﬁ Zil “é‘i”é’:?t‘fYa S 5’8 r i € @geparate
lowér diepedlicl RGAASS iCadisposdd @a%owh NiAS FigheOl AALthéEi afly electrically

n al d ited beneath the
cofbsErs RRECUE Af BF WPETAURD SrBpEIGHANe Pirdes SPTRghT Sygp cross
segpasiathe QYA SIbis 20.c oxemasiwelyp theAbubstraté\4Gahisy aSi ﬁ the sole lower
conéuc? a‘?’lH éltlﬁa%pgrrapa ltroxovr%‘ ?\%ndu%-t%{ rﬁr(xjd Btgg? %'Isbso
the( BLrbStretr:t4@| mabehbcdnmﬂmlst)ng wnhmrmaoewb@dpmpmasi Qﬂr@p@A&@GaAs,

f r . ita
O, FQTR, R, RPN AR S AR PR e
thes subsirale widhc pmivithew anoopdivodnipbulatingt lyer dsenathiiell Higsdeemprised of
AlﬂQtAidzmst §Q)zt09 oprQelr Exﬁtybfé%latleﬁglt Tfﬁg th@ﬁn@st‘?eﬂ?% Q@tg as a seed layer
separatlon using a sacri fici aI ayer to allow for
fronp vlcht the Gafe caitPws Zrven (taAsrtap |et“é>?9mr?&§ﬁ) b& pegempediments
theSGHRs mdﬁﬁm fort Vel ALMNAHNRYSE GRAh Bﬁ%{:it&fy BAMEd to34 Bifferent

the second carrier confining |ayer 34hb
su\(séra% Oor Nof ’l@gﬁse)re sgyesal ﬁ%ﬁ@é%@%ﬁ?‘ﬂ@“ﬂhé@é fn lg:lu(l%bggt not hrmted
to f@aﬁgﬂng, tileoft,i lahla tch@naurcéll6 sébaxﬁ@%}f bdthdg s%oamel fal &@arb fi)ndill?hhﬁ:r this, to
irs ayer a,, and even the |ight ockin
“ai“ﬁy’efwé hed?a%so‘iﬁxﬁ‘éy TR USAHB IPRE e ’E%F e second
bah&:asayet ha, (mg;hamwed) it R&doha tcRrrizf dor finiey lagaétezztbr(@cge LT-GaAs),

nct i onsm Y nd/.or e. different
o 8 S ey e T3 Bt B PGt i B o the e
baper ltv@zpsmaosmmsg/es Ot ghft biockmg dzyes30 nOfrecuidea othenr értgpdirthatts may
dwxglé gt Iegst Ql}m %ess {Afglosﬁl]l%f‘ﬁa € { ity felecx%gasful nthoa}mssi%to%isqinct layers
ané/x’enﬁﬂ alfﬁﬁrqrmmatqraﬂssfofr opme Heyeesub@;t_ted anmmedidtelyn gbamge perhaps losing
so&@ MIH{QS Wﬁlﬁﬁﬁact&ln{g HfarlE %Mml‘g}hégel\)aggﬁﬁ M@Jr? {r>a single

fers and nane A GAs

vawafgevrop%‘ss Boat @rﬁrCeﬂeﬁSa\saf?h@ saBst pxamerlay mmnﬁ%%ﬁ%ﬁ substrate 40
ind §RSQMRanil Ve §iliGNgdrPa¥iaRl drsiiQnSw SORTRASe RS and InGaP
wafers rank second in comercial wafer production
to e 2 Y- t hey are readily avail able. For exanpl e,
GaAs chips are currently

rn%ce%s rﬁ tematwely

[0038] A GaAs wafer is preferred as the substrate 40 for several reasons.
While silicon is vastly more common, GaAs wafers rank second in commercial wafer
production volume, so they are readily available. For example, GaAs chips are currently
used in cell phones (FIBTs and pHEMTs) DVD and CD players, and for red LEDs. From
a commercial perspective, the finished cost per size for GaAs used in-an OASLM is not

nearly as non-linear as cost per size for silicon chips that incorporate transistors (such as
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used in cell phones (HBTs and pHEMIs) DVD and CD

pl ayers, and for red LEDs. From a commerci al
woeowpesx7ive, the finished cost per size for GrEs/USs®A005531

in an CASLMis not nearly as non-linear as cost per

size for silicon chips that incorporate transistors

(such asfor LCoS or DLP technol ogies). Wile cost

scaling is not quite linear with surface area, the

cost per chip size relation for. an OASLM nade of GaAs
for |L§°§L9ft1%1~? Ff‘égb‘éﬂ%‘ﬁ)e Whileygqsy gcafipe 4y Aot it 9‘“%?2‘%‘3’ surface area,

the GSM fef slnl,sssliﬂ%qe@{vwfos 46 szasLMGﬁs?dea&ct}A\Ed\@ ey lirﬁe&ﬁeﬁéhe frflative
the relation is hi,

K g
to gipylarly sizgddeijaes U ‘?“6 SnorhaSel Got At eSS irR hgre the
rel&ﬁfﬂ@ﬁk,h@)h%hﬂfﬁbaxa ﬂﬁbréd%gl g,a:khm/ﬂzer@ alsirgsle lS\:aQ & ﬂtte@ﬁSetcfmlkle in an
a |arger GaAs c C re nmer ci a V|abI
oGPPG ) (RGP GET, IR G2 "THE PR AR muh
mokdﬂﬁdirﬁﬁh&ﬁﬁhl@l viable Fhanm &i tokih MmlalCM@S&@ambnme) ofathe comparably

nmol ecul ar __beam e met.al or gani c m
nclFR > Hop BNt AT RIS e ST B T S B D B el
organia Gheliviat vigmAsiepafton, MO@NI@ yet eohbokadily dooa eoe monohthlc
GagF gvb Ifeer td?l eIITl technoﬁgY éesﬁ*o@ gﬁabll‘e-r%tﬁé 'IbWG WRY &f <§th¥¥' ﬁ’fb—type layers

I pi tat es, erein rown usin
wnth’ml[mt@c @s st tergint toehe Erowr esire bWQEF_VH hwg%, bh@ra@ef is

1 S S o 31 | o itaxia
epl 1§, DR Bkl Hade mep%d YRS HoRiitrtl it e o il

ers can rown by MBE
layBWSGEEé@%OWPMYdWB@o?ﬁM iPFACF SR é’floeasz@méfﬁwth&%gpm%\staAs

epl?aqu%g efiviftR@aand altotde poftt Mhei edtfed hdchde GaBE Q)Bﬁ&y can be
pitaxy can be grown wth d yield, reasoﬁ g 4
grogsyith o YiPghreasrelle ﬁPityandm‘bvmgarw%pﬁ‘ehw gptically addresse

dlgﬁgﬂﬁ@ﬁts Qﬁilvgé gdut:ﬁ“as' !h@gH oﬁ@in‘dﬂﬁ p]@é@ﬁdaﬁlaﬁ)h@@ﬁ‘s ago by Hughes
origin

ears
Elegfraiey ﬁF Q(ec a‘é(ﬁ&ﬁ?‘@ egﬁgﬁf@lﬁg?ﬁd ngwgmhgﬁs silifqny using
a dpa&@dagolblroamrtphﬁp&ntsh;&drcmatedsmngpla)us pilicoera- Sng pmomdssn Tin

Oxllc?? %SI LB%éllls&qgee %%r?d eggﬁwécg(c aﬁdc' the eﬁ'%len% c§l lherm%pexpansmn
of tHd aibstraadartdndectaaéd ihai Bey sveat dtﬂ’o@ﬂﬂbbn e»cpachlﬁfﬁetnmt o:fracks often

de\t'etl]oepe aPt%the%%)glc’o@?Lgrm%’c%S ﬁg?des that they were deposited

of ten devel oped after
dep05| tion during cool | ng [0039] Figure 1C

[ooEJ};' ustr %E%?nﬁ égsﬁllﬂ £c@léﬁ?6{@tfmﬂ{‘%th§ﬁotﬁém%daﬁﬂént of the

onIy differencés as congared
OAFSlng@, Mty erlyrdi fferencha ageromnareeioctismst 1B drtribpd, in detail here.

No é fUt lingurc e th@Wer @ie@@&&eoﬁls%%pb&d%ew@ﬂ%dsubﬁjcwo on the

the substrate 40, on the opposite side as conpare
oppdfe Ljifreas BT (R BFo ST E BAOEET Ve PRV diver 24

D:Q’b&h@ Glakk Gayekai®da, ROl Gk on38fmer Qb of iR PVeLkleb@sdesidjandfa third
| ower I ec

bafrigg g far56 pEp betitpoie e e Punan upls of gt Byp Mbstrne
4p0amndkd Prusubaf Figue KD inchidee ohlygusieglk ABIFilguer @8, 1drectly above the
]igl‘nﬁqglocggé 1?1%3’ 3@. Sj\{ggllﬁce%ul*ea){gf F@gSu’re dl'Cr %:cthlc%s %bgé@%nd carrier
confining layer 34b disposed on the opposite side of the photoconducting layer 32 as
compared to the first carrier confining layer 34a, whereas Figure 1B includes only a single
carrier confining layer. In Figure 1C, the dielectric stack layers 39a, 39b are optional, as
are any or even all of the three barrier/insulating layers 36a, 36b, 36¢c. Both the second

and third barrier layers 36b, 36c are optional because in some embodiments the substrate

13



l'ight blocking layer 30. Also |like Figure IA Figure
1C includes a second carrier confining |ayer 34b
wdizeasext4on t he opposite side of the phot ocondgTiisng7/005531
| ayer 32 as conpared to the first carrier confining
| ayer 34a, whereas Figure IB includes only a single
carrier confining layer. In Figure 1C, the dielectric
stack |l ayers 39a, 39b are optional, as are any or even
all of the three barrier/insulating |ayers 36a, 36b,
40 gerdf mpoelgctripdlysiselatdhatody et ﬁ?!rdérm@a?g ifiom thgypesond sawier geptining

lay&' 84¥Rhé %atocl@mﬁﬁg Thyer SOME ARNROLidEHA tfork NMBgures 1A- 1c these
substrated40 itsel gElectrlcall i sol ate the | owe

differsny FEbeA mMents I"'@Iaﬁ P‘T‘Iélo Ao el difeees Sf‘ﬁ?'ﬁl@ ]a&veftructures
accat‘l‘ii’ngaﬁd tlwé@tt%ﬁﬁﬁﬂﬁltmt ldab‘cﬁ‘ﬁnggzmmbx%d Scc@wcd’emis foverition; the

res, 1A-1 th I, ent enb
vareySant 6“%"&1”8‘ G la%%se%refo) @g&aﬁ‘ LR arablgeugh oter
cordsiagfagdNg to these teachlngs wi t hout departing from
the scope of this invention; the various functions and
interrel ationships of |layers are detailed herein to
[ooemabl e such oChwesctasnibé Rathonsrief 00D inghacec 841, | Bibi e now

desarlbecﬁ% d% r EF e ‘X 1:;;,1 grlﬂ?v tlhg)égrri%r g’onq‘fn V\‘%LHQY%E 84413, are annealed

eSCr er being e carrier
at «'cmmipemtmg elle:w@ﬁsm@nane igrhperajuge alnwblah dbosatlayers were grown. For

exatnﬁnggﬁﬁaﬂfé%z@ise r@(vﬁ%t QStt 266‘ 8ob 84 gé'saé Lgnﬁeaqtter}%gr&nre might be

ayers were grown. For exanple,

withinothe rangetf alrout2T-Eh0degesgs Eesfa, Hﬁﬁéé?laA@ é‘i‘ﬁﬁé’fa‘f’ﬁl £ 200-300
de%lzélhit: tt@%n‘%&l%rﬂpér@@ré ﬁ%@b@fwuﬁmta rat 8- cﬁ‘qgoﬂm%ﬁ degrees C,

al so grown at 200-300 degrees Cth

anchmqea@r'eql éﬂ*}:)’e?"d't“t‘]l'*% f‘?ﬁ @Hfﬂ%@bw ey PHé“thaﬁbé’obef %B‘Eﬁ:‘?f anneal

per@fie- l‘]&@alﬁﬁ‘ﬂkﬁ 986 a&er@ﬁﬂaﬁ'&b@ i B&akd PRYpeest dMte chlier @bnfining
| east about twenty mnutes or ggf Lon

R BE R 15 SERFehate Savis Bl GroaPract rhe Hedryey GoAs
latiideORBTHel B8 16Wv-bRper@tird igRiwik PhhieNbatgnieayrnsy &Aﬁ'omﬁﬂbilstnbuted
thrg?ghpﬂtgthénglélggeg t he ?c{nl 15131'5; Eptfelg%g%{? ﬁgﬁ: a% tesddlgt]ugct nearly
spﬂeeaAhltdemsat’mre@e gisenvit Iprq@im&es e canes mappmg yodes dodmarithe metal
di str] d hrou hout t he vo carri.er
corBB?ﬂePhoﬁgeklog‘i( AS in gWBe 1aa/ %f %b ﬁ}e con%pleetﬁde g) SyLM 20,
exmpxlmeg anl enk@yriewké shelo'ﬁh dgse ofitleelpdirape eod pnoteatle daygr 32 preventing
theg1 ro:lt'ntekl t%tﬁ’%p: g%gglqu ngé éorfﬁ )é {éﬁ)l%ﬁ d Sg{m?nﬁ%ﬁ'alglfor in the
dnreqmplceftréd fOASISMIEE, 22axon Bibstrate 48n Arreangieelisipld pesiadoef time is

cotsdtittedin WRE-HIEGISOMS ARFAINGIART M 0. YL TacSRdRE VRTM IsRbdards
themfrom mgrating, at |[east for sone non-negligible

cusilys@niellipg i the Hikeraad|Y-So2 Video figmeimust by Reshetk fhout every

1/24M OV 08 UF fiae 2LRofd rapQtivEIR! kbt Bf BRIV &tidh @efresh the
iod of tinme is conS|dereaH%@ t he cont ex

t he
‘”%9 dramejat dpudjlq thapratq, so 3 nopang e GPnsraut on agz’,rég carrier movement
forCitb¢eeTdd WzCamBodahdrits goidﬁl tlﬁd‘l ehdcgdcarting ib. (Sace for\ak tkast 1/48" to

1/125‘am? argélggnd Otrhgx]f ([,nel ocF men S w1¥h (? ¥fe lefit refresh rates may operate with a
different cycle rate and therefore define a non-negligible period of time differently. In
general, the carrier confining layers 34a, 34b, are designed to retain or trap charge carriers
of one type (holes or electrons depending on the direction of the applied electric field) for
at least the period of time defined by the cycling frequency of the applied electric field

across the electrodes 24, 38. Because charge carrier migration is properly modeled as a
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/24 I'h, 1/50 th or 1/60 Ih a second respectively.

Enbodi nents of the invention refresh the video frane
wabtoaiaokd7e that rate, so a non-negli gi bl e consPC&iIUSL000105531

charge carrier nmovenent for those 120 Hz enbodi nments

hol ds the charge carriers in place for at |east |/48

th to 1/1 20th of a second. O her enbodi nents with

different refresh rates nay operate with a different
~cycle rate and therefore define a non-ne g
dls%&rli'%l th carriereconfipmgrlayfrs ray by cgatiderad to ﬂ?e é&‘?Sﬁ"&PI majority
(e. %oﬁgét&' AL L%@B@A%@ferﬁﬂ@gre%ﬁﬂﬂﬁ%b&ﬂ@@%} ®f ERdrgd Carfiérs of one

charge carriers of qne_ty

ol es qgr. el ect
typdébfé?ﬁj%@'e‘dﬁ’"f‘ Kependingedn Bis %?60’?%0%615|qpebedeﬁs&t('?.fo i) for that
timbipeligd. for at least the period of time defined by the

cycling frequency of the applied electric field across
the el ectrodes 24, 38. Because charge carrier

poddjgration is (pﬁé)ﬂ@j‘d yf M @ AR MSs2@ds slolvi Hedcriber. theferably, a

polgg%rgé g{hufg terr% @Qé? i)gtwrggl}( &ee%égﬁléil[ %(ganedd n 1% gc@g%m%g source

44 adfressiag| yghgy ffatsefg Fl ibaﬁfraigentt mOG N tirgf lagbna?-@eofcuhmh drigure 1A
f
shogvs tgg f:.ourxg gﬁ% g% ﬁ\r dlsq:fncF i&? urré)elgs{mg% ﬁﬂ:légixg? i t ss an OASLM

fon o 18t ¢
. tunpetd 0d>du[a®064tb}>r @pegratsm onblof visitde mEJL(IIRQ,GRnsaIm)WB rGSPectlvely)

Onfl %ﬁngeéspego L ou Ol %ﬁﬁh\leéﬁgf I\ﬁgh s%e'dri)gww blth t&@trefi th Figure

et ween dr essi ng
5, @@uglc enylguibefcifeasidronging sejiess qnﬁ/qy@lghgvel‘fﬁ way pp h@%‘ntﬂ various
emggﬁmemsﬂ li]lgt ln@dé%an%ﬁhn%d%' B8 Jik W' BirdePadhOmpt Mrces detailed

source as three distinct | R sources one each P
hergiss t Fﬁre@cft@leda?r@stéatafhrmsm seMess 9 Hghdurkes nay; propsed for

greafell pre@fsfRhndletftitiRy \Wved Q& doh@éitin thdprBieclelRimagd) dSulcRBarlatlons
respectively). One addreSS|n%?sourc 44 may use

foligy [reasily dERr NStk ARAISWS A NPEier ehitte PE! I9° r‘F‘é'gSP ut42 s

prdrélabighe PedyivO MBI nfalie adshegsedergtismecresiznd/ or | i ght
val ves may be used in various enbodi nents, not
necessarily limted to the one or three addressing
[ooggur ces det ai Teeladirésing. IRFltght éoantpk sourn® A€ (Whiah mayroeenay not
col or sources. and |jght valyv S f r
be R TET oRF SRl CTeAey SVERSEoryeRE gl Byt f Elelior 24
sulf]sltaijtlebj'! edatieneged. Bighh ovtalda abe saetdfdolR band( aniiyl §e preesmt, due to

refiag? ol OFhR lvlessblg flgmﬂh%}% g ut f-rr(nﬁ er@RELﬁf;iO’irﬁlom hd sf)lllrlcé g4 ltself

refera l'ecttve an not I N one plece
or \ﬁuohhaltsh@th%ummutlfrOSMQe}Slm thel @I N 7§ dops rl@tgmzsumeo?ﬁly IR

llghp’% thE yélﬁc@e %ﬁlﬁy\’ﬁﬁt‘gﬂ BN o suffRde Al PRe Mre‘%ﬁi‘née}ﬂ)hght is passed

sses roug 8 ass overlayer 22 and the
thipmginteilinsi ey seiese 061 Stee Shmenbledicht fybemiadi eifid asses, through

la)J& Q@ Ew@,ls‘to?n'cg SohP theSEHRGhBDaY %@@M(aﬁngﬂ’.ﬁé’ o&kﬁutﬁj’aﬂﬁﬂ?tas will be

to reflection of the visible lig hat is .ou @5 l

detrbrs e DI 2, 12§ FoRR tTRY SBUFtetEa i d@pgmisyye diggmvalves

praB% LYK alS OerQ\@pﬁéH él&cﬁﬁc fi6ld a0@S¢ e t@hsrhissvEAGIdvtB024 and the
lovggre clegt%depggs(ogesugstrz}/ e/wafer 40 as lower electrode or electrode beneath
substrate/wafer 40) in conjunction with the imposition of the input IR addressing light that
strikes the photoconducting layer 32 modulates on layer 26. The IR addressing light can
impose, for example, a pulse width modulation by providing a constant-amplitude, time-
modulated burst of energy (induced by photons in this instance), determined by the

interaction or the various layers in the OASLM and the applied electric field. As tested,
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light in the selected bands enters the front surface
22a. The addressing IR light is passed through the
woizowiid3onyst al | ayer 26. Since the visible |igot/useooneoss3i
nodul at ed passes through | ayer 26 tw ce, once al ong
the input pathway and once al ong the output pathway as
w Il be described, the thickness of |ayer 26 may be
| ess than for transm ssive |ight valves, preferably by
hal f. The applied electric field across the
the INFRIPRS KT BPIE Serhéave 2 12miTligTesaupres frote irelriagentdaper 36 vielding

2.1 RIilliSH PolelPinah¥ah@it fHikesS The\Weollof Chh 88 §owér 1 @&inmb@.eand in
beneat h. ﬁ%P%% h@/ﬁﬁfer 4Q) in conjunction with t

fagt syl ﬁ&f‘reﬁ?\"ga%“rté‘ég 2ltg 'aelcgmpnﬁwa?f 3 sequence of

light phkes atdier ph i RBUSId/d0tima RbdddedRekledt £ Br Qhgle pulse of
Iager 26. The IR addressing |ight can inpose, for

%ampl e, a pul se width modul ati on by providing a
const ant - anplitude ti menodul ated burst of energy

nduced b t iy t hi.s nsta de m n
[oot(1 %]e |unt er a%:/t Pgﬁ or ? &5\ :rhlgg RSP R r}g‘?"ilaiyﬁr %i@‘rﬁéd@ﬁ%ﬁg layer
281ahé theppdhit lbcking ddyei 30 f\;vle&chtnﬁ\sedrb/saﬂledslbheigﬂmmeﬁhcfﬁcs most light
fro‘MeB %Qltﬁe E,Qr]dl%é%qu\{tgré:gt t% vﬂ} %ﬂ &h%sez?‘a%grar%%?S Qnet egﬁl gro npassing

|re rngent
belOWefhedtgﬂmbIOphfagéayeTﬁé rTéxsdRLﬂdudmasmaﬂigwethbmmsesoymrough the first

baQRE it BED tﬁenﬁrs't Badidet n%ungt@y%lsaa L¥d egnﬁé phéib&nhﬁinng layer
addre55|qg g can a so De conprise a sequence
32 0f Bycpyitt ofpllie SRk ob theagpragiptonfinine la:mﬁ @ﬁa t34be (e.g., preferably

abasmcwtoatz@ehnge% NGE nbY opticAIY) Scthld! stCopttalBNRL: W00 8lie optical
The .I.R address?n [ ﬂﬁc g}sses froﬁ?ﬁzﬁgrsgﬁwlhroug © oprea

PRSI BBR'Y £5RTRRS SRR o) YRYCIBIEkIoRGA] ApsFicgopurposes it i
unddisiobd $ﬁal‘t TSRk Mis &ibﬂ opticeilb keRpbdrisglat urdih Gisi Iﬁ‘yefr aRitkiteS Is above

i m out t.he ban nter 0 Wwhi ch
sbpi o0 iy §Hstenas e ViR iRoife BHS SFIRG eRBweL e bandeap
en¢rgghtLTb-Galisng lhyy emcﬁ&sse?hﬁs lthirasishue s 680 mgh baghithd: h8Rr to be
op{g ?iyenz)rntrgg O]lfl]'%?e ::,]agl Inaoyc ?}*gggcarrrréelﬁg %{eh %e{aﬁegi fa om tne aé&ressmg light
wifhhothecibirdlages wgmmssm shde et cohnih$ laykneds, b on the

r n I Oy,
t]‘ll%‘?‘% sg ‘}gﬁrg %%ged lh{e}gm 8%’ I# ef)/}]ﬁtocg%grju’ém\[(g]eo t (I)tp t1s no eld that the
ph@t@wxxﬁecfmg b*piﬁli éé|l$ Yot egnssharsidvie. bexMarher-tyemmtumlelectrons and holes

m,gg&ome@y Wifi¥n st ?ﬁ&@&&hh%m@ 1 Ghi gxg 0l BL SR carriers for

racti cal purposes”it”  1s understood that
cerﬁar'eﬁ@afa%lmesmnfa@n dpey erglgeyernted palysyirkinghe phorp@@dpqmlayer 32;

thelytir€ ki pps d)rﬂy a&) @Neecﬁhmonﬁ%g NWroB4ME! %EIQL&% k%&heof the

|ons whi ch are above t he
ap%wére%m% aboles, “%9‘&d‘{el‘iF%‘kﬁ‘é’st§%§leF‘é%‘§dﬂ% < Otpglfection

and.ﬁlﬂoﬂmcﬁxauﬁﬁ bthadridragngs up h &RhQRtrieE @bhfning layer. Upon reversal of
oNn:.r ons and charge carriers e
the aipgheqe %ecmcd; g F% one Oé bf)ﬁ’grﬁ?esvﬂgtcﬁ’irﬁrst aﬁ%{re?cﬂ{onth? g,egpm%line with the
opppobiEs GaAsrt thhtwashtoapped.t he. carrier confining | ayers 34a,
34b on the thickness orders described herein are not

.phot oconduclive. It is noted that the
[0044] Spatially localized electrons and holes within the photoconducting

layer 32, excited by the addressing IR light, are then drifted in opposite directions of the
photoconducting layer 32 by an applied electric field; electrons toward the second carrier
confining layer 34b whose flow is opposite to the direction of the applied electric field and

holes toward the first carrier confining layer 34a in the direction of the electric field, or
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phot oconducting | ayer 32 is not considered to be
carrier-trapping; electrons and holes mgrate freely
woi2odri3z7hat phot oconducting |ayer 32. |n ter mBCoOUSRGNE/005531
charge carriers for certain enbodi nents then, they are
generated only within the photoconducting | ayer 32;
they are trapped only in the carrier confining |ayers
34a, 34b; and upon reversal of the applied electric
field, the holes drift one direction and the el ectrons
vicgryerse dependienest theiapelied elrctsn delldiesatign. oRbis g povey schematically
folCee d18d1ried) GSoddDintdipRasidn GRAFidueds TONEI i NEydrRY Shembik9lectrical
reversal of the applied electric field one or both
diagtafks of carriers are freed to then reconbine with the
opposite carrier that was trapped. [0044] Spatially
| ocal i zed elegtrons,and holes wth the . . .
(%%#ot oconduct i ﬁ@“feag"é shgys the, f9lsvapt L??’ertsﬁ’é being Y ygth pe free
charig hirrlea;r €r Heh&mtddbhdlicedg Ildyeﬂm @Shhds 6ff & Bxghicpﬂﬁtyafndb;hﬂ GaAs,
hpt i,n T b ct
In@ &) r ons %%%élt&i Sea(l:c(};r%ﬂ Qap dae g‘;ﬁbﬁ siegoré :J>4% carrier
co@ﬁihbng\,hg&e fIAcolvizrassngpghslslhewhOntﬂ'igurdl:rﬁecammnphrftomshﬁv enter the
i,ed el ctr es. t owa
nERRl I AFrrhe i B BT S Pt SRS cbmb S pyken prior o
theebthers nllusnﬁtedl io Fi guw lZAe Melh gl&e aagﬁmjadalges@mg tIRephamab |hedmpm;,e
thef %ho%tcrol guclt ng t]a}yeld 5? efc Tee Oné chalx:%c crarr}e& %l?gt\égl]{xs g(f,ll?s o) thm that
lay2A32C fassshawhib ifi lghrs @Be netdppliel elettrm dmid obua@r &mho[e@@%@ move
vant {
to»l/::lrg ﬁfxeﬁ g?sArcgljglgc ar ge &%rl %Esanjuﬁﬁlg ?s}?ﬁ% o%rgéh % @ tfu% 'that layer
34# ay@pd@mqumnlud@f tfe boled gh fqmalpasswwﬂd@@dt@mer 34a or from
GREPA0RY Qi fe @l 15t MU G ﬁé&% ly and
n“?g éﬁ}st 3451anggégég§%§34@'céf¥?tﬁ cgﬁ ? anmryan
sinpy i eaus)ya ghel sagigrappietbsipctiin figjdpgpees 2 %lsctms ;gh@treﬁ\se thward the
sedMH @b rriel GonfidiMs fah 8t £4b, hAY BeSarden@Mbdifitdtef ithR @5 1hRr 34b trap

strike the first carrier confining |ayer 34a prior to
thash &It awy EmPiditestP utredt o the Gisfenoa. ber/ﬂnqcﬁh@maéerz”éb qagerally
ac@dsﬂn E§SthRthé Bplwsea @RStréNs & B REIEs bﬁﬁe mﬁﬁw&mﬁ;ﬁ&me%ds of the

r 32, freei ch e carriers ctrons
Phﬂ@%%‘?”@#“%m‘”tyﬁf étfaf g&’ﬁér S theAgprﬁﬁgmﬂe‘ftﬂc Ffe ﬁiﬁ Pg roygrsed (or
Oﬂ‘teh\elsa ﬁﬂbkeﬂcbreh@ﬁﬂa’tbd), taieing thauReSorishe afd heks OF fibth B \WPposed

er confinin

cas R BV BF diIE CAb ottt RFRPEI Wapalestib igpiae 1ver 32

claavvge tenOASLM he fhtothesxe@eknﬁagerﬁmsl?@rd hDo;ths ttheatlectrons and
ho{es ﬁgfrmﬁz}x?f € seéon%rgtaﬁ%eg rchtﬂJ' nr}lg,% i e%% a1¥d Hg‘ﬁ ﬁ% show@/the electrons

TSR RS CaPY
amshme!s amkeyl ianle Sishedrtien@obising, 1a>teh 84z an@ ap‘phepre the applied electric

ﬁe?t{’] E;Ctrefaixgd Efjtt%rqhiﬁp}é%géec% h Rs ealogfetégllg r%ﬁ% @gnb[)&n'lémy ﬁle a%\ﬂﬁééjelecmc

e secon carrier conftini ng
fiel s apyerseg b sap asaies agitirame refiath PieyssipuliEg in papdectirapemission

staBUF8! HARE in PSR, NG OTYL MBMAbudH o&gxeaﬁli%%cfr@qﬁayerequlre faster or
beyond t hat _| ayer 34b or laterally

slower frame rates), and the carrier confining layérs 34a. 34b are designed to trap a

substantial distribution of electrons or holes for at least the time period defined by the

refresh rate (the rate at which the applied electric field is reversed and the frame image is

refreshed). In an exemplary embodiment, the OASLM 20 reverses applied electric field at

17



across it, so that the opposed el ectrons e and hol es

O+ are trapped at opposite ends of the photoconducting
woayerio®24 At Figure 2C, the applied el ectric PCEUS2003/005531

reversed (or otherw se relaxed or nodul ated), causing

the electrons e" and holes O+ fromthe opposed carrier

confining |ayers 34a, 34b to reconbine within the

photoconducting | ayer 32, clearing the OASLM 20 for

he next image frame. Fi e 2D shows  t I IO
120,73 ROPe AP §ontF e REU 1 ‘S inidr OdTR gy 120 He, and
greayer 34b, and Figure 2E shows the el ectrons and holes
paired in the first carrier confining layer 34a, such
as where the applied electric field is relaxed rather
[ooﬁds]an rever sedTheAsambovenﬁdmg tnyersemodnbrdtatvinglmsqlfiﬁp bicetpitates

ect ft
actrr].gazﬁeg ft{s)égﬁmlﬁgtaée g pu (&trgg m1 e ezfle&egn ? gar?gmo"ls’essl oo in place
forsdband a0 chilliskdontis atnrobimetehip&alms vﬂ&rehalz a(rgfredhonatshofotthHe requires
onfyp&eogf E}% 69 Orn{lhsecorydsr eﬁéﬁ'ﬂt{lﬁlﬁ ftﬂé trgf{-es rat%l (93% zaétgﬁ%t exceed the

e carrier cofifl ning |ayers
eled&&agmdbtﬂnoei pﬁmeapamwaﬁmnallaxstr%%a, B4b. Birespftimes are different

de%e Fntﬁrogﬂﬁ Eﬁ"ﬁhqgtg ngctgxﬁ stlcﬁ@ﬁ k](tjg'@s tdaﬁx“:s ang rh'l@;gks

e refresh rate (the rate at which the
appl i ed electrlc field is reversed and the franme i mge

[0 43} ref reshed) L2 150188 MARE Yroﬁﬁh@glel?%ﬁs,e LkEhdA Mroduce a
reverses applied electric field atl12 Hﬁ ?652& h
loaakiserptlagtyic fieldgyisha cegain fypisdd thu© ﬁ§LMsé° HE nesg e intpract wit
thé’@xtexqﬁgﬁ)y H;phearé‘ljec&[ce@é]@ bnd B‘Q@éﬁ]e thé ﬁ)c@&ferdl @d‘ctﬁ@flélﬂ Mem@st layer
%ers 34a, 34b having arsenic reﬂn%% ateﬁ aCEGQQhaﬁuntmm
263:\3 ish ik Jerminaigde b the TSNP SOBFUSE 2 AN P ©
traBb18Et hdNBage FME dHalRatkdtdinphafiat otieradvatihinglayer 34a to the light
mllisecgnds at roomtenperature, whereas a refresh

to peOdBRtelo Hz requires only about 16.67 milliseconds.
Doubling the refresh rate clearly does not exceed the

OFEEor & San, CSRRR SRR Mler P oBART ik ShoBP Bl EALASE cothers exist

ers 34a, eren pen a%@
paetmntyrmpeﬂa&gm érei iadqusrmyecftthed enmhﬂsasppﬁewmm@%é) rein the

pthoecg? uct1 1 aye Egc? ﬁ-ne b%%?rllﬁégfjlagg‘ai@ocafn&gmag r&Qpacltors in series

FOnae I zed electric
befw&lncthwlmrrclmpﬂaﬁ& (¢ravyb$tsltm140 ahlovensiepirode) apf dlagetransmissive

co bl ({ ttﬁ% gﬁ‘%tr&ﬁet 4D Bhaf é&c‘ﬁrlyﬁlr |0Y ARt 68lvE1RGEAEE in Figure

[ate the localized electric field
lme@mebwteat syes caaciigire s thoes #yerardEvapy 1a fhe below explanation are

re%nre?é}\%mI $s IFYSir€ @FAdUCHHRT thihn&R 0yfe tHeayfoud aayﬂ% Czkhd Eheiru ﬂi&lectnc
ransl ates an i mage of the changh acket

copgiantp.cfetergring maﬁéanch§,é?pa§g%{lcpo Ol“frblﬁ‘t Breb R m ti‘us example
wlﬁ@?g Weads8ine R 0QAG] apﬁﬁ@:l Sledrpt Ifi‘elcEGileEIlnmfﬁﬁgdhallayei 26 (ietardr ghe top

oAb B8 T S5 ALk RS i o

bef di@fetbnt), Whereas fthd pietoconducting layer 32 (nearer the bottom electrode 38 of
Figures 1A-1B) exhibits a potential drop of about 8 volis (although this can be different).
As the local impedance, capacitance or localized electrical fields within the
photoconducting layer 32 change the voltage drops from & volts to 6 volts, the excess
voltage goes to layer 26, raising its potential from 2 volts to 4 volts. This stimulates layer

26 to modulate (assuming the threshold voltage for this layer is between 2 and 4 volts) the
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phot oconducting | ayer 32 and the birefringent |ayer 26

are shown as capacitors in series between the | ower
weolecniwsxte 38 (or substrate 40 as | ower el ectr ede)saond/005531

the transm ssive conductor 24 as top el ectrode. Note

that each layer of the light valve illustrated in

Figure 1A contri butes sone capacitance; only those

| ayers rel evant to the bel ow expl anation are

represented in Figure 2F. The thickness of the various
regdigh that pasepdlmEeGts reeldt rThe aberrsyalises fgurss arerfPhidlustrmdion; the
lighBW®e MaFeiaat ififge A%gés’mmnionefﬁgﬁmﬁos%%otéd%w S

exanpl e where we assune a 10 V applied electric field,

the birefringent |ayer 26 (nearer the top el ectrode 24
jooad) Fi gures 1ARkRInigX b Hifse am%@@tligak 4@r@ﬂnaf nﬂ@ow mdy not

volts_(although thls ‘gn be gren&% m@ ﬁ
orighBieotONANE ARG TO4FEr433° (Hellt @PdErn ighto it dhe visriygenee is
dird8edtovhardgthedonk AurkacBR2&)dhd blaisSs atPOk @Y S 20rindd 1efer 26, which

oyiTaR 2P 5ot e A Patcle S0t 1A EPderrRugnE tover
32f i'Bledsadnighi4g is Ipeevphll@d doonchacting pwea yerers3ly tdledPBR lajee 28 and
the ﬁ’){ghtt %g)%kg]rgqgfetrobo%h% g Gﬁéﬁ t4§ m6 V%s% ﬁq’roua;[ 2 n}?(?)igﬁ?zsi%gr %‘fﬂ“ﬁt filter
46 viglor go tsmkdlng/ tiet &onthmrfgces??armIFhQ e®d| light r48216 madufpdetlbtalager 28,
ref(e%&sﬁf{m\ B ﬁﬁg ]Lﬁ:rr g%{]glnqod%@té a%gin a I;:he,t &hﬁ‘nk&%?fayér%S and passes

bet ween erea
oupagadic &era‘hl e tfgmf hvr&fg 2p t(ancfrmmab'othe Pebirzgeoutp L fiies 46) for

pré}é&ioh s Uisibus (Sabinen wawa@r&gm Hahd)yV ALNE TIRENRREAL&sibis of this
vol t age ranges far renoved from'those noted above.

Snfﬂﬁﬁgraﬁﬁ%ﬂﬁﬁﬁﬁb to Figure I A read |ight 48 (which
may or nmay not originate fromthe same source 44 as
the IR addressing light) in the visible ran IS |
[003P) ect ed t owaf t@“?eﬁé# PSrff“”é?u P8RS P54C %ﬁggsgggw?m gut for

thd rabddbbdd o2 Figuit Q B dyelacidbhe Whrofidh cbdnei:b@iﬂrﬁlgzﬁyéiomb of Figure

cagries the j e ftr t he address and .
Aot bEB At T Ta R e hERa PPt At oP AR the frst carie
comﬂiren@mye:cts#ar(dm neaeh ithiegfirsOwetier| layee86a id thh éighBRodkayelayer 30)
as w:thq:np%nre Eghéutq %elgétroogklaa? | Zr%fﬁeé?cb\mrg tl%eTsf%g?r{r %gﬂelgll rcltr 8?1)8 These
elepposst ginerally ttem'smf luoltite shntéoduciila. layﬁnézr beicaccighlate4@earer the

mzlétgr £[91%E‘é %‘i’qﬁ talté déraﬁlf&ur?h%st frﬁrﬁxl t@g tfﬁ" té agmnl ﬁ;?ﬁ‘g la %regﬁla and

I'S nodu ate again at t Irefringent
nestht pdssesonlbamigaiavet Bitodgh ta e dppliet Slstirie i 2Digon reversal,

lelgfml@n%ﬁ&ln%(fumlog% e a%'pﬁ&i ngtné‘he]f& F fgﬁﬁa ImER4tes the holes

projection as visible (or other wavel ength band
d”f% Iheck e HienpRaieaPBdRsive s 3¢ andhine qcrignt dn e pigher strongly

tovar8 hdPRES AN 8 cd BB 1afd: 4k Qﬁx B dFrEveRéal GF g’k‘:ra%%hcd electric
ecti vel enbodj nent

i etzﬂwa P@rqqedf'fEfa% 1 b ﬂ@ygfétr@ma%ﬁar%h ?ufdaﬁpb?fp?@ductwe tayer
32| @y &lic 3488 &ff refdxing ewl Applidd telecaie fpia).i etig@rt et fillgstrates that the
e]egggxlﬁdgjlat agcumula%pc\i near ehsgclzoe% ga%é‘rt lggert ?é%a E:gmﬁilgxg anlthrlg tthe first
carrier confining layer 34a with holes that were previously trapped 1n that first carrier
confining layer 34a. In either instance, holes and electrons combine with a modulation of

the applied electric field, clearing the OASLM 20, 20’ for the next frame.
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confining |layer 34a (that nearest the first barrier

| ayer 36a and the |ight blocking |ayer 30) as with
weigurie32B, but the electrons are drifted towarPdTaise007/005531

second barrier |ayer 36b. These el ectrons generally

remain in the photoconductive |ayer 32 but accunul ate

nearer the major surface of that |ayer 32 furthest

fromthe first carrier confining |ayer 34a, and

nearest to the second barrlﬁr#%wyer 36b, due to the p
0% pl i ed el ect/PrEng PaMHacisohe Cassybitrate 4 %ﬁ?%\?s. BhPrigyy seed,
so i RAr thBRdke ahitiod s&ﬁcthi’ﬂ-uear&ipmelfﬁderﬁl &fCiheintal fexpardjonFasgtheeGaAs

3B illustrates.th

cpify T EhAIORT PO PR 857 e i Ra g faygr 32 Cvith
var@uk heecipitdtan gl Yiffeemarpdrtidne thi apstate as the chaemftiaps iy the carrier

corlg’}a @?&r llagérgﬁgelé :}é}{] gFlr(x:eﬁ@ E;]é.ﬁef:ss S Iﬁ}eréa s[ednta}c)fr]ﬂe)s (%Pegllnbngﬁ by matching

rel&i\&tcﬁpdwtmdm mipednmgm.tﬂ/dr h@lmemwwm iayersloéylewcegzo Apart
f

flo,(-g‘ @Swg%ﬁ%axﬁ%lﬁglf: ﬁt)t(an&n%a 1%Gt a%'&ogs ??/%\cg Fokx{?lr %lefc{rgclléj)the GaAs

sulBaet ol iabee emb@hmbhten slecmchedareduet islizagtive. 3Btheredhp plgetrode is
belhea% fd SHQsSratel iy {he sQ\(agt}a% 46: thélf &' ﬁxgelL:&M@(ﬁ cgl ?oﬁgrﬁ B the system.

e previously Eed In i rst
Cooeﬁmmaeqon obrthé misapicl ra?@pltaseﬁa(orl ¢fheri BOfieP aFH%& &R hoey bariers)

| : t bbb & thtgasecamieh tedhpport
LG B SALR 80  lp Hel o
lgl

hxgljxgrgqoltftmrﬁ ﬂ[m%(ﬂe apyd sy eﬁﬁﬁ%ﬁpé’&gt tup%s fomt‘ ibe clegiigns e and holes 0.

The Lti?i%kﬁé& OFf 4 ﬁ?(t%]@cﬁm@g‘la@@ﬂ L{CRSY fys&eﬁlatﬁv@lyl thilhagert hsing any of
sanme |lattice structure and co

In@g@@qglu@harégmg%@%&s q/%sagg et‘%safor fhat &,ys(l\}l(gl g»lffcefutse they have a
ve?hhilh abddrfihtcob fHcfnt. PERO AR Sar Lhfoephicdcfisdicini argimiyiem in that

with vari recl in. different t
tovspab st e B apEpEe St Syl Hee FpEdhr BB 3 PRy Mhien i
fuhcRBBE F odhcert ®4bdm a Tier.t hi ckness of the GaAs epitaxy is

deternmined by matching relative capacitances,
i npedances and/or resistances anong the Iayers of
[0(152]\/ [ ce 20. Apﬁrguré# errapdrtingardysdedaitsmetian ingak facturing efficiencies

t m n me xﬂf&lﬁqg EPAQ'SSLI\WZ)S E&lelng\f@gmﬁécﬁﬁgﬁ@g?thetnji\%ntxon

subs one enbo fment "int fini shed
Atrxhcadm:bf thuren%cml the lowAiremoet digihs leyeescdgserdleed; with g3farghge to Figure

I}Smgb‘ kﬂgh%cﬂ{tzﬁ tg Qnét&eth%qpﬁé vak&s églpéttaﬁﬁé Qrdvxﬁh Phofile shown at the

ectrica onent 1 n the system Concentratjon

lowhepq;t:glegf Elgpfeefi” b’“h@ a\gt@gat@dﬁo ip B A HES fra@t Yvhxgh ggher layers of
F 1%&@ Qt 4k %rm{ RS fnpdtahlit AxksRBowatwd Rmpeafires)ihigh dndylews which

is determ ned by growt rQ res to p
in mngqammcg@pe& BTt ARG o 4R é?)s%fé?e%@fﬁeﬁs%p*%%gectwe‘y
Title"®BS gloWing BRhAhRG Idepitfis @nanel ldyel ttckaess debiecd, hnd Kippss4 is not

of the |ight blocklﬁ‘g | ayer 30 may be relatively thin
inigadsd tadeREPPRRNPTBE MG RAAYS! | i um arseni de | nGaAs,
Al GaAs or GaAs for that |ayer 30, because they have a

[0(%’52%]2%:/ eEIt ?gt Iagf]o%% I %gurg oer];{seé: toﬁﬁ% lr1]1 %&ﬁﬁrﬂ?‘%{%r in re%lon 50 to grow
thé $ovapelenirade3§ ora bpe qﬁ&xrglﬂ)cdrbmd Giirst AlGasfrsed IBGa@g the latter two
mgtgnflzllls %oov&n PEiﬁe %xgese\.’\rlxlcg Izl)f Was& éo‘htammg Al or In respectively. The specific
concentration of the dopant, such as Si or Be, within the vapor is selected so that the lower
electrode 38 is electrically conductive. The second barrier layer 36b may be AlGaAs or

AlAs, grown in region 52 at the higher temperature and is undoped so that the second
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functions in concert to forma filter. [0052] Figure 4

nore particularly details certain manufacturing
wehbi7aoe1ei es that m ght be attained in maki ngrPaT@ABI0R005531

20 according to enbodi ments of the invention. At the

top of Figure 4 are the | owernost eight |ayers

described with reference to Figure 1A turned

hori zontal to match the tine versus tenperature grovvth

profile shown at the | ower portion of Figure 4.
bargignlayerattd ia glecwicalliaulaipg: é?p ot fhihRIreReaRe P r@fé?cgode and
balﬁter FlyBHr Baf RN &f@feﬂ%s de]ﬁﬁssE@&B@WeatsBE@ﬁ@XllySthS hedsurotis\anay be

nper at ur es, F EO\% ich i 0. an enmbod é}l Nt oiween the

beﬂﬁéﬁ?r e TS ETD agéo’sd%ﬁ 3 é"é?ﬁda%%o‘ 6B SHE Y de's 1TPeveen
cletiesieeat ihexduystraté.ne for grow ng each | ayer depends on

the layer thickness desired, and Figure 4 is not

intended to be proportional in the tinme axis. [0053]
[oogzqnper at ur e i Oneaiteeskcdml biveiehlayheB6h énpepatvaryendan its desired
thuh ng?ﬁ, en15 %n}tl? e [ wer%f9 aa%yglrl Sglagégv%g g?xﬁﬁle?;gct:o?ld c@)’r% cgﬁﬁmng
laymanﬂr 1ssgr3wg fovexaimple ineongreededieend by Melegudar Beant EPW\XM@MBE)
As/élﬁtaqad gbrl)v'é e\f‘p%g hhé’a?kéarsgmg gﬁa@ﬁﬁgeh gutqpﬁxg e fa?«t,xj é?@w:qgt a lower

vapor 1s
grogeh emxmatgw ttorfatm teheydr keI Geoe s $iponIeaching the desired thickness

foreth@ géc'bh& @Lrlrbér QMH-{% lay& 346D ﬁlestgrﬁﬁé}gtut%afs rrh@é’d J:taf}égiBn 360 grow

Al"As, rovvn In region
thehpwonti@ﬁﬁér‘al"?& re- aMﬂ“‘iesth‘i‘me’Efb’@Ed §B°t9ﬁ‘§ld“?tl‘fég foer 32 is being

orovff QO RN beAIGAN S Tor I8BaAS a@'tﬁ@h[@h@ﬁkén&fpeﬁlﬁr@l aid B@ond carrier
Not e t hat the arrange nt of the electr

coniyypg RYFtPRLY RS PuERISE g desgiiagd pbeyy 2 g,gr\;énsemc DAL es form
int6 RpKdrichCAbdey thdt@re nesdyr @ldﬁ)rﬂi@y dhmﬂaaﬂaatdnghm the volume of the

substrate d as su rie
secyon i+ BaRlided okt S cobrol e RSN sLPIBPEREMe Rher 2
co:ﬁtﬁﬂ&#}lftéamemrhel s D) mzbohxacar'riar confiyiag 186b 3415 1sa:tontpﬂew @s Yurther
it Sy, 0B , BRG] KRB Rdeor LATRELANIRE Ryb0 M0 88 Blomplary

85w and carrige
enibagnerren%%f this igvapwinn.f Gortieoranpéading WQMOMWWMWW layer 340

does no%%{j‘ve%e] = ;grgéé/ rikdBE) . As detailed above, upon

anneal 1 ng -ar seni Cipitates out fromthis |ayer
grown at a'l ower grovvth tenperature to forma | ayer of

(o5 GaAs.  Upongrga né)tg&)nﬁn&m‘ée@% =) &Q&r@g%%%31féarth¥ch§ess, the
second carrier confinin he ten‘per ature 1s

terpperalutt itagriagfroRPSbat '@g'grloi% ‘Ph%!o]bfh%? éeﬁrféaﬁfﬁﬁ@ﬁw&% dyer 34a
w};f’é}rr U;W‘l' aln%eilhm% ISHEQQIQ@@TQ"—@&&&P Rl ttd A dcBYRY catderd donfining layer

gr own GaAs Al GaAs or_ I nGaAs at the
54 SRPBIEL aPere. | FEmRERUTSCERPITEReL SRR D) PaEY gl gorer

la)kée Bma@nmm AR sdasit thabdd fiadd QM&;er wydr 3dweis areeeiaakty insulating.
tates forminto f?pherl cal

TR BT ] BUEBIo APOUEMOAL ey SPURE QP TPRE v 34n

Composition of the vapor in the MBE process is changed at region 62 to grow the light
blocking layer 30 tuned to the specific parameters needed for its purpose, to block visible
light as described above. As can be appreciated from the above, each layer through at
least the first barrier'layer 36a may be grown sequentially in a continuous process from the
substrate 40, which acts as seed layer. The different layers are grown by varying certain
parameters within that continuous process, such as vapor composition, and temperature,

but the process is unitary and continuous, so therefore highly efficient from a

21



second carrier confining layer 34b. Gowth of the
undoped phot oconducting | ayer 32 continues after the
weanowalo3xwh the second carrier confining | ayer Bdi/us2007/005531
conplete, as further tinme may be necessary for the
t hi cker photoconducting | ayer 32 of exenplary
enbodi nents of this invention. Further annealing the
second carrier confining | ayer 34b does not adversely
[ act.its ertr S £0055] As the photoconductlng
MR L P i tﬁ'“%lé SPEH 2t 1y disHiedsadvppfage over the prior art,

espmmarmmraet neSr-amwsaedjrgmp;aﬂzeatmﬁ@gﬂeqmé&et\@rﬂm\mﬁg%nstramt

o R S SRS LA Gl L e e ABNSRL 19,
chaanfenmmg\ thatytbe vddbusdageas ifogttdatban ehe dRPSRAL lQ(EIeothér substrate)
the first barri

I3 e 60 to
Iﬂg e?x a gzgnc'&ls@d%@re atﬂlf ﬂgt cgg&g’)ﬁ ipyous among ]trrer acent layers For
expmplel mhilg ay@&AsIfetdcendlctiog ldyeaB? ynalyl’tﬁfférahl ﬂ‘i@ecuTzi'rfﬁructure from
nnea s the fir

anfa%ia%sﬂ T A?EM%{ %nfrn? layerdgme attice strletures of Hgsqlgaﬁtg?ct layers

rier con
flgw, comimupmty prlfbmé(s thei QIhQIh artged t&:’cause ghase 1521t e grow tnhe single

ephthaht grQszQaC;lﬁbE&s B@Xﬁ{erﬁg Junedadite ttﬁcf{xgﬁ Rff %rcLer % defbr]e the distinct

par anet ers needed for Its pur pos sé
layergy Hipt Broces Jeayi Yoew batiwaeramse @mssqcse mplpr emcatneqmoﬁ rodgas in the

suhh@cﬁrkgo&@moﬁﬂ&ht ety enstdeiRlddhbate, laeAsL dlg{b%tltl Ju%t]attlce structure
barrier 3¥er 36a_may be grown sequen i a
mayoht FHAYL 95 8@e§§’srrt6rﬁ°ttﬁéh% N a@@ngr@,yewiﬁ@ @hd abtintervening

layaSs, 9€ R Oml thy Qibstratb @0 €& 4dyesreRdse IRYQESn@l§edr OWN by
var yl ng certain par anmeters within that continuous

process, such as vapor conposition, and tenperature,
- fodsat the proceShe mm MyeRRY ngdytbeC Eotsideté@USbandiOpass or notch filter,
heref re h i.ci ent frqgh nanufacturln

pagsmrgs Oné't Ve g“ﬁﬁ ithing @ gettain ﬁ'&etrg%rcf%ﬁ?t apd syhsgnuially
reﬁiehvanp pll @nergy/lwaveismhs alldvy apd Ibé)lbwahit HaaarAad&rveme dight locking

t. h ire the ver
ik 90 is HRLY EP IOk B EANY st datbdtng oilhe Mhomargiepgin-definea
noigh| \ﬁé§11ﬁad® 3ys bdnd throogle & RR &ivee2B mbpbe liatied in both upper and

loﬁgaﬁg@kg@hg%%%rrthat the various |ayers formed from
the sane  GAAs (or other substrate) epitaxy exhibit a

|attice structure that is not discontinuous anong the

[OO@?I_[J acent |ayef %ure@mu%ggﬂn%'en% in?en?o@lbght engine 64 that uses an
hot oconducti ng IQ%gr In ecufar .

BB ey SRSITR I AP e PR gt ras s SSLMG sushrag that of
F 1gua$/ &A ort fh€ aht@lnbhﬁ@ embbdifleHs CR1Akd bBERE  FhRt{AGdu1d ABIoSiment
g“g&§?§§ y_.one into the other. This is because
“S%Srr”‘o%‘ég f &1 PERGTSIER VisRls Hightdn diseq wefoas’> yheiardistinet IR
bapt of dight @tﬂdrﬁ@‘é@ﬁll&lhﬁeeOéoldmsKﬁ" Visiblel Gght. t ROYERcd B6 GrEehrovides
ad(irgssﬂ%fl hgrrnteahs?n qe E%Hd J thﬁblg g?cu { ha‘éﬁg{icggqesg% lgrfasyla%/?gxd 1§]re¥lected
by g M‘estslrmtr@cr ndnmg?oem\rearahrthe btoadietnd PRAS72ddh ah |eﬁ1®oéhbﬁ:\d§‘ thedoptics
st.ruc

oo BRI hRECRHE R Fo b5 bRl GF PRI ¥R T e peh e
addgpsging| lens §Ber Ueahether embodiment, the source 66 itself provides polarized
addressing light.

{0058} " The addressing light then passes into a broadband polarizing
beamsplitter PBS cube 72 (or other shaped PBS component). Broadband PBS cubes are
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| ayers, or fromthe substrate 40 to any of those

intervening |ayers. [0056] The DBR | ayer 28 may be
woanwiide27ed a band pass or notch filter, passi RgT@SR007/005531

wavel engths within a certain band or energy range and

substantially reflecting all energy/wavel engt hs above

and bel ow that band. As above, the |ight |ocking |ayer

30 is tuned to bl ock specifically t hose wavel engt hs

out si de the mavelength fi ned notch. suc .
conagsiafyriyatahlo oM e ‘é;é?m%“ﬂw?%émﬁi‘g%‘af tgjﬁﬁf%“’a’ and
var%@% lbltﬂéppﬁﬁuﬁadrdmvmfe IR aa@e?ir{ga@ea; th¢0RBZtedbgthePBS 74

illustrates onge. e

ovishe S oo BEp SRR o b e Sl i
corlve@éd tonmdivlage o la@x&awpze applidatias of hatridfle Mnjied GICPWCoﬁeld that

the alternati nbodl nts_de AT .
revERrs PP ec§a| ien Cagglé% ﬁﬁnes%eﬁa%oegyo%%ﬁn%f@%gf nfining layer
34for ocesses visible light in three "colors', where a

di stinct IR band of Iight addresses all three colors

of visible light. A source 66 first provides
[ooaa:jdr essing | i Bead lightdn Shaylsidle Renigarisl emigad fremyihe gewge 67 (or

froa1 th %algg Q&‘Eﬁ'é 541@13 rﬁ%dx@gm@%ﬁ%ﬂt%oﬁx%gi SnttRd eYodmbht c&tFlgure 6,

roirc mrror ac he broadband PBS 72.
thearsad tigbtiimehics 1lgh%emﬂipé§lrtgaﬁ'§e¢“flfﬁevﬁﬂ%ﬁ ERESITHY- |?Eﬁwfead light

aésg tkﬂ?ou h Ell@é’ dra6d pé19Fized-2ha |tl§erng7a§é$}; ﬂﬁa@x tht fipAYfBfoic mirror 70,
ro reSS|ng | en
F

and Fiso SUPIES OB T4 Sera RUFTEH BeShe b7 JOPI s BO0 A 20w of the
oAt [IQQ@%ASLW@,Q&M&@@ SibMpabdeg b the apfrpassdsyer A6 ovhere it

is %Pg&gtaegbanga r%lg% é#g‘gﬁ Eﬁa({r?egrlge ggg%ggg‘%ﬁ% akl)teb 7&1&3 (hg'fnt blocking
lay@F 30}3@'&1’55 b@ﬂ dftha i SIaN 120 4t nhn’rfrbiilefa&)EZZSI 'glmsamodulated read light
Cor |on orn

e

sepdigta coef Iﬁdierts@di Wghmhl%ﬁoaﬂnmmmﬂir@gb tlegnpolatiges 79 gsareﬂected

lbai:]c b({“h eﬁl gAeSslbll\J/lrc%?(F 9&{)@ %Reﬂ' netqe EH?SCE:[F%FS {o%r@ﬁgr@§§iﬁg20 the read

conve 0 an | mage | ayer upon
lighpjs! refladiednt e palaviaed Hhbet rpgss itergug éc,ﬁtﬂr‘ih@ Sﬁqoéldd“t feéitm’ pass

aﬂare ;{ %)23&64%?{10 a 1§l 5 geéaﬁssesl tleaQ? G(SW '1’1{ %lédr@q A) changes the

irst carrier confining | ayer, .
po[0iB&®In smeaqt the g«md light paseing rdsearqih@uglanljl@ q@n&ﬁmﬂtpp@amﬁ%*rﬁauses
thd Q%t 5s§th15}101£1@£ or 7B QMibd &S s.0%hé ﬁolaﬁzathlaﬁ of Re read hght on
source In the enbodi nent %
thed first Ressrraaib 731y thesopliet & 1 &FXPEAE BRIPHERE f 8‘6& (&> component
46%1*1&1%6‘4' I bive o‘éﬂlﬁ‘ﬁlfe%ﬁG HaRageaél vilefeaﬁa@BESmﬁrmnﬁgl @ilom the
tics and is polarlﬁ] %nd t hen pass

04& N 24 ivatgibihen pRssed LICF Of BTV ‘°f-‘> S%g@ Wﬁff?‘tthm‘” the
iBe b@ablaacted, Byh bhe gRBSsufhct ofardr phyectivo AV b eal ber unrolled

t he L . .
screen) if the light engine is part of a stand-alone projector that does not include an
intrinsic projection screen. Figure 5 is seen as a lower cost embodiment as compared to

Figures 6-7, since of those embodiments only Figure 5 uses a single OASLM 20.

[0060] Figure 6 illustrates an embodiment of a light engine 80 that uses
three distinct-color light valves 20-R, 20-G, and 20-B (for red, green and blue,
respectively) about a PBS/x-cube arrangement. The addressing light source 66, addressing

lens 68, first dichroic mirror 70, PBS cube 72, and second polarizer 74 are similar in
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OASLM 20. In the OASLM 20, the read |ight passes to
the birefringent |ayer 26 where it is nodul ated, and
woO007ahseet ed by the DBR | ayer 28 (and sonewhaPbcCibgstdee005531
l'ight blocking |ayer 30) to pass out of the OASLM 20
at the front face 22a. The nodul ated read |ight then
passes back into the PBS cube 72, through the
pol ari zer 74, and through each of three separate col or
filters 76. Light which does not pass throu h the
pripopartp zkese Agmiescaongfoneri dgsasked VHBWEEsRECt f é%‘&‘f é’ee’é}’?pt that in
F%ﬁl% g t{hg %hdl@&lﬁé]ﬁ Htii6 ShoW RS tHrWEEkhct MR teE-MRZle IRh@dressing

S re | ected at the gol ari zer 74 but 61Jcs)asst(?1 R
lighthbagdsy hlﬂb’ten‘c?ﬁa&etfé“% @ciede spuTes B¢ GF ﬁrompg’é’glpéef pRYye 0se

ad%“&l Réht vhhas aiesdlbﬁi‘é@ll@ethﬁ ai&roid Ok -G H0sm) dfmv]Eil::[i] aheexemplary
changes the pol ari éat i on_st at

h
emba%@eﬁ'g;wtaﬂf@raevﬁﬂ?% grm PRERIMRIRYa qe%Poaaécaf oS yndl Latitormia

ThE 3HEES 64 ARy |p|r<94h&e idﬂr@aﬁag lf[ghtEarﬂQ{eﬁH 11glﬁr or/#adlighitheay be provided
second pass.

arization r ead
beQ F%ﬁaraﬁ §gurﬁa b el?% g{tﬁegym{,:tﬁgc 3}8? Sgc?ressm hkllntggg!asse%nth’knl%h the
adressafyl 1Zhd§R ihidrded fto 6@p1@p¢rl}cmmgememthe46AS)EMl209ur e lA).
The color filters 76 nmanage the visible read |ight
emanating fromthe OASLM 20, which then passes through
[oogtiseri es of pBpgcifitailpnad enmwered gontiec Pmbodimani BE Figig e the

OhOnels B¢ S Hf s %\I/eaﬂqéaff}ssn d th
em%odxmen %? g{lle 6 H%Bos@? ?lghl%%?])r(gmlsefe 3§§ocer eee ) an e

‘ OASIgﬂtZOewgi rather @aparsnngdﬁ OASEMAAY- oawﬁ@rﬁmﬁ&%ﬁ%%& ‘R, 20-G,

20 Q§ d%ggse'dngdjé&ﬁt &N ehdi bf AR %nﬁﬁ&h@%ﬂe@%f&ﬁé &fdhroic x-cube not
gure is Seen as a | ower cost enbod

I e
wdironmide €1 RIS P4 gLV an 1o Saerehib RS S S igpipic mimors

84 d 86F!r&?50@1v§1yus’ﬁ§ éﬂ&tﬁ‘nﬁﬁe%n@ﬁwlﬁﬁhct&rﬁﬁ&%f thé @it @nd second
strates an enbodi ment of a ine 80 t

cr%@schw Srgrss$4 iét ate gr ey et ﬁﬁtflfé'g‘Ff%ss oK, mg@r@ Rgsers Re

ad%%%ﬁng fl]@lgt Bﬁérpog&r&@nox@m@ﬂbdty e;é,é re@sjpedig lwighty))f Shwidrization, and
X-CUu ne ress | S

o e heS PR SR T Eob S0k Ol S i

light! BE eifer pa.mhzsmo nithe sdéc@hil Zerss-Adharie ngiray Bépasses IRy addressing

llghégéég)gfag Batlfm gru{J%c?Sﬁ{ Said?éeg%: ggﬁglﬂed}'t’ss@%flblgea(rtdﬁgs@s blue read
(v&dﬂé)el@ﬂt @ bbihghitand P phleniration buhredlsctyired irgadt (v]spbl@alpgylg of either
poTanza 2on. R g rtﬁ%é’l E}gm#d Wond Q:%E dWOIQ NRRRLE sh 95“ &o ass IRg

i'ngle source rommultiple sources, as th R P
ad&idfdslegshghg of Sevtlatizariors and @ag @rueeredea@‘y@ﬁ#ée)dllélﬁr%f ‘&Oﬂl § and

&ar%ﬁgx S churélg‘ 'tl%halﬁwe QXSHRE AkaY teyTixa %Bl%hzdtﬁm&lf&%ht into the
avai | apl e romt e OptoSignma Cor porati

PRR[72 fmﬁmplamzqch éh%B‘ElP’é@“GBS #haye ﬁrwvaféefgg&ﬁ%%ﬁ‘ é"’laf‘é%{"" is P

wiRthd €38 115N isch&d tof Sdlatibgidh witiin ke yrous gt vawea 20-R, 20-G,
separate source 67. In either instance, the addressing

arjdj - passes through the addressing | ens 68 in order
to be properly |maged on the OASLM 20. [0061]
[ogg ef I,]fel call y’ %n;% l? gs Eh%v}nhl% ﬁn’&%dé n?tﬂl‘i’esgt)g lﬂgﬂp BE the IRy

band is essentially passed only to the OASLM 20-R that is sensitive to (tuned to) that band
of addressing light. The DBR layer 28 and light blocking layer 30 of that particular
OASLM 20-R are designed to block light outside the IRr range, including visible light,
IRg and IRg. When read light in the visible red band and of a first polarization (e.g. )

passes through the x-cube 82, it is reflected from the second dichroic mirror 86 and passes
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enbodi nent of Figure 6 disposes a dichroic x-cube 82

between the PBS 72 and the OASLM 20, and rather than a
weiogl1e32ASLM 20, one col or-specific OASLM 20- RCT/AB82087/005531

20-B i s disposed adjacent to each of the remaining

sides of the dichroic x-cube not adjacent to the PBS

72. Wthin the x-cube 82 are first and second

cross-dichroic mrrors 84 and 86, respectively. The

refl ectance and pass characteri sti c of .t fir and. ..
throvih ShRISSF SiSB0H BIISIE RIS e rad ungd O st Gor+ R TPaietient
in tfhle rr§¢§ \)@5?19% SbaQéll i rc@n’afgem ﬁqr@ﬂ?ﬁ%w@s&&s td R sBeamdddasiatign state
of S-polarization, reflec ldr.ess
withinghe ASEESH B P51 e Rg YRS e POH TERaTT UEarBTE) oros
dlcin‘og:gﬂnrﬂfr ¢ %IHH p%s?d‘kﬁ;o‘ﬁgﬁ ﬂ{e_aﬂthist‘Zcﬁb:*.se:Ticfbd_)nb niigbt 84 tagd bbuteues in a
read (Vi si ar i ion. f o
s epug S 2 Ep bl PEARLLE P B e
78 |(th§hfred3|flglﬁ that dodszadtl pass rtholugh:tt;f;e pRaRzaddf és séftegtedi iphtit and
olarjza passes bl y - -
o B SubF e DS DR B S SR B and 208
operrﬁadm(lwrm bite fhd vaglots absedicheic a4, Bgtand m)olaBé%th)ﬂF lygerating
to ges? g?]anglsss%r Or';,ﬂe& %%ls w%ﬁ'h?\g S%JES})&&Q rvﬁ'lt@%nd 86.4aafs into and

essi ng arization and pass

outgif elgrseteetiliight walse.bl e) light of both S and P
pol ari zations. O course, the above assunes that the
initial polarization of light into the PBS 72 is

(0083 pol ari zed; F¥ilmeredor ar ilpstrptignof aguiculerly af¥antzscays light engine

88 Lnﬁ lfptd &(ﬁbr-&%rﬁﬁ NigRtva®Rs 26-F) 20i¢s pot B Qbétﬁ&do |d|1@'i‘§nt PBS cubes
W T ched S-pol arizati on Wlfnﬁlnt he vari

72V5?V€’°§‘d2@ F?‘eg%‘“é PBRQusp?B. T PR of %“é% Jg‘tepﬁeéems an
adspRAA dfMa FiGUEe ofticadddfias séangnbilghérnet tGuodiR® thdmdlogy” or

IS essentlall S t SLM 20 R tha
sindlapdp forvard %gdgets%% cﬁﬁg{j}yptzﬁ zﬁ %8 (EEFO acga‘rg t(s) Ierr?g {im{eﬁ s of this
mth@orDBR éoay@rédzadmstmg ght 6B) mmkpmg:ctmyens 30 ané sln’nm to those
articu OASLM 0- R.ar
de%ﬂ‘[’%“’ oL tr‘l‘fgrel"?? 3 r’%‘ﬁf}g ”I‘?ﬁl resdsgn | S g\lre%cl:k Aalkq’g?‘tﬂrﬂgtes from
a saipdlak R)urcé/‘hﬁxﬁiultl@mcbohrcghBG (thaltth%’ ke sinltdnepar wobsamjh &that may
of .a. first S t i
be )Po&jngén%ylth ptf ¢ 3R %’l%l Qstlrgéjtl?() h g g@é‘g%%# dﬂg?g@?&?{:’?&ad light
ernmwtemfm%a am@.ulpamsi b wuliple ler¢qsr€é7t Qfiecdirmoere nelarizie filters

may % és%lggee ra1%9§ 1;;(#% 3@9 @%?Jﬂ%&ﬂw%s Jh@fat readrk i i9Molarized

VI'S hanhged I n pol ari zati on
disrettty then theskoomd IBoladefessing Hahts t1atthis (esasipHoRHEr A EAglarized

angQRG an@xlkgsaré RLS @Ji‘)@la}(lzé‘dtl BRt &dse icBnvediibRCingd bk rt@ﬁﬂxtyhﬁversed
second cross ichroic mrror 86 and aSSf %‘ ag » Cﬁ
Alfeppagivelyrhys gotgperifelly vsTand. g disrancanElong gf aadfessing
ligAE&ROkhPASS (hd BUPIFizhe Poabpail zehibit4hofarichpolRBSGR s@terland a
.out, toward th roj, ec Iens S. 78 hat d Li
sl e L0 B S 19 L ehage, 16 bl L ok
filtegf daﬂ(HeGﬁodlﬂed fccatrtdingty eht othkd gmltcrdapped there nbesl koo pelarization
of thg dlfferent aru? ressmgQ%hE V\Qeamsg h}. thS‘ Yi¥St %Oaigéc%naql ﬁg'axjx?ﬂ visible light
within the bands of interest to a blue-transmitting dichroic mirror 94. The positions of 20-
R, 20-G, 20-B can be varied and as such the descriptions of the light paths will vary
accordingly; the specific disposition shown in Figure 7 is illustrative and exemplary, not

exhaustive.
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operate simlarly, with the various cross-dichroic
filters 84, 86 and pol ari zati ons operating to

weeb@ansel y pass and reflect [ight wthin therPCT/US2007/005531
appropriate wite and read bands into and out of the
select light valve. [0063] Figure 7 is an illustration
of a particularly advantageous |ight engi ne 88 using
three color-distinct Iight valves 20 R 20 G 20-B
about two different PBS cubes 72

(0064t egr at i ng F’§Saé‘i’_}'5§"§0 lghfh@Be?ﬂfﬁﬁP?Fé]%g ij vvfgﬁ)éeu rl)ggc?read light

pasrsgsoﬁ?(ﬁx%ﬂtﬁc}@&c ﬁqﬂ’ﬁi o4 'tdgﬁr%g lbﬂlefcfrie@’ged;:}fdlarﬂbi VZl.Tdnd reflects off of
engl ne, comonl| y ermne or. C 0

polsiatr1 8 of RIS T R AP BE S 8 R g Tt 5 viivle

bhécféﬂged éﬁ&ei Qhe @hﬁdldﬂ;ﬂﬂdlSpabﬁwdml\shdm\;ﬁﬁtdne nnayAbs cipenged to P-

ressing len ' an ectl 7
polaPA ORI (MO QA SR OP b A TR P o B TR B B thrauen the
bideRrRA‘EaTSS Ny hidhito e mtageemgwmnm ehvaSahidelyf, ABmddressing

| mul t
hggbﬂ?u a(irl g:%g‘gswnfng(;t?l) pxtsﬁ gre %ﬁd 6r§((1) l(rgaz{a?fg%w%\?@ﬁwely) is
reﬂeh&dlﬂ’blh Itl\iﬂ']blupa&sa;mlgtlrtghdlglugh ran'r(ad)draglglgyaﬁgfsp@tﬁsa red and green-
on tf:g QJ& & fpad i tgll;\t %gtﬁ& ft]{e?iéﬁn addrEO i al‘igh%?)%s@@ aRMRy/IRg

sour ces po ar|Z|ng
origpiyd dehdiis pmsterdneﬂoohgf thh golatiar i P4 eed coprsiacigh- %&FW&W 20-

Sﬁaztu{]%lg il g‘ra% aRb'leSreHorla '&a@QSQHJ ERhehbdA bAiARay BeddsBbed for

essl ng hi s description

IRR,sns Phypakd E@Qlaalﬁ%ilanQﬂaﬁ i RS 2O B paet E‘@cFﬁg-’BSLM 20-

@ﬁéﬁed:ﬂmﬁ@ Rdd/988n- Bﬁéﬁt&ﬁdlélﬁaﬁlrhi)frof oy eJvedl the mtegratmg PBS
ternatlve but not specifically il]ustrated

cu};q: PPer %thlw\mpéwatﬁ-p%g ds thst IRa:d cg§§}nﬁ;ghght dh reﬂecte% from the

re@Ble8h bAGhiEd @lmntolrbemhﬁ:frt%%d EhgwagrzemameabAsa)mlzmcn Rhal light
sanme pol ari zati on st , and.a dlﬁhr0|c filt

i eoURBE TR PTESIPS Bt AP DU es dso it el Ty A Ehanecd

0 enapl e
to @ pdlh@zaﬁ@h i ihhrn K(e(I))ASLM B-6& tbamsbeutmfdihé iCSLM 20-R, and passes

accordi n In ot enbodi
thﬁaggﬁegg‘ggy SRD 8f'e'ftﬁ 18111%01;061}1% ) g godi(aergsl s nxgte?l%gﬂ Pés'&ﬁbe 90.
streans. A hot mrror 92 directs all IR and vi sible

ht wi thin t t?’ esl: t lors, red, green and blue,
046 ]le. transmtt’\uqﬁ'é c§ agl té're%" (fiPheg iefh co POsI t1ons of

ar@ Presént vﬁﬂmG;heZi@teErad;\ag PBS 9ParBlad 1samﬂlegtgd §r@ghthp hr@tegratmg PBS 99
? csr%cri Ia% rg%%gﬁ p%sfs tfnlaﬁ itgemd aﬂatfnlgé cWol'sl as\fﬁ’édﬁlm g B&aYate light

SOS tion shown in

ur IS
vall\l'els GQtR: 20r§ endy ﬁ@J-BeR@PrﬂFalrgh they apje@%ﬁag@ﬁ i’§ éoqe(tj@s Jqr 3 pulti-color

mﬁg 8dtidd. | AdRhtabEBo =P HFESHP TRENN® 1achadIbE e lightUumgines are as
read |g t passes through dichroic mrror 94 toward a

foHpwe- ori ented pol arizer 72' and reflects off of
pol ari zer 98 of PBS 72' to enter the blue-tuned OASLM

20-B. Read I| he .vi sible ue ran
(00684 e opt i cal %v éqdé'eisiollqu‘ d)ﬁ)gveﬁagf t[})lereiﬁe ﬁeatt g% greatly
reliGceBna | the Elﬁabdlﬁﬂént\/\bﬁ hlgﬁret”he\?\%ﬁiab/lpﬂﬁf Bt CGoial hph@ste@nolspgy uses

0 ghe CA§LM 20-B, t
typically an arc

amp as shown nl;] rﬂ? L{gock encncled by the dashed line (and its associated
very high energy usage and heat generation). The embodiment of Figure 7 may use an IR
laser diode, LED or other source along with a micro-electrical mechanical system
(MEMS), or even a ferro-electric liquid crystal (FLC) device or nematic Hquid crystal
(NLC) device as the addressing light source 66 that operates on a scale of about 50

microwatts per square centimeter of the OASLM 20. This addressing light modification is
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bl ue-oriented PBS 72' and into the integrating PBS

cube 90. Simlarly, IR addressing light TRG and IR R
woaor7aspomdi ng to visible green and red read | pgintus2007/005531

(respectively) is reflected fromthe blue-transmtting

di chroic mrror 94 and passes into a red and

greenoriented PBS 72". Wthin that PBS 72", the 1RR

addressing light passes an IRR'IRG oriented dichroic

mrror in front of the pg 4221 of 96 and %ersa _—
not PERFERRd - ABaTIFDRLatnS PIgHInk@htephnolRY s P tEepargtion has
bechMBABCIP ASDAREerh R caRBR Iﬁajeb«baltecha&bg@waasoﬁbemd hedbffeargiven

et ol DRG0, PR LR LR, LR A 0 e
projedfiort RIbViEiamen- or i ent ed d| chr 0| C mrror 96 tovvard the

I ntegrating PBS cube 90. Wthin that sane PBS 72", the

| RG addressing light is reflected fromthe red/green
oo i ent ed di cl8eobid, nd:blbdmk@e t@hdolegy erfstha pri@enrtt npeges great

dlfgé@lgelg e{?lﬁgngﬁ%ghre I Carent co r lxiagésb eOSr%£ Iecﬁg 8&? %]1 lens. The
embadinhan gEFigwes? pmﬁ G flo at @trffm Y iearn rihe naadcﬁvswepm@?egment
reg a%}s fo l'H;)e glfferem?tr%%é %Q.\sg’th rbql 8483 SForh b O (jxcn@essmg light

reen-orien roic rror 96 toward the
SOUIrget wkﬁmg apcPBScad Labignment. | ddigaing Ahe tyarigus 6pIRE-spegific images is

meI‘J‘yE Gendfer fo'@%qt‘fa@@ﬁllg,l t'h' I?ﬁff&@thfp?lcalrﬁ%s lﬂz"t\e% @B@o&l{:él@S and the
are present Wthin the mtegratilmg‘% . Blue

projestiprdens 3 p SwiFly Hdraighifapyaad iPrrype g‘é"%ﬁ‘ﬂ%faf‘@a biyRgd what is

ser@ibREBY MBREMhRERUGE rdaliily adilevalll three colors as
nodulated by the separate |ight valves 20-R 20-G and
20-B pass through the projection |ens 78 together for
[oogg)mul ti - p@h@rs nrm@aepmmtmtdpam cAgivariDagesfigwer for use with the

prior - art 0 t ech LN
o s roB el kBN £ RR Bl PR3 A5t Lev
ou@nﬁ th hesreﬁésmﬁ“lmeﬂy saye l@smtd4y 10@dutedelan letnhéos and is split at a

dw? OIS, ﬁ%lr{%gt?r 1§grl§:) (tgﬁ[ﬁ:r 110, in o re regr{ An%rblﬁ‘é Larﬁd‘gl(g{ddnnxlélg]ﬂe):twely

call'y
as Bl GcdadeB)ciThe Ipetbhwiay of re rddabmblwm lwede(faahd fhose efgboblugandgreen

‘%6%3 shlmglh in c h %f)t u“fﬁegx%d%ggd ﬁ%ﬁtls %%@&E?B& Qrﬂ)m’ o}-ﬁﬁmn%mlrrors or

dinmen ure may u aser di ode
turomgochﬁ&mcsdmi,cbmaﬂwhvamkhea rety fams d|1 6 candlj thegugh a polarizer 118

dlsggscelaalgf ggﬂveﬁ%ﬁéeeam o h@h@ree IEYE e phighl r&‘t}ﬁi'agﬁtlﬁjl @xample the

crystal (FLC) device or nematic

polatie) | 8vRcbe Keowmes adtirdsHidRpAHGR{S S oY deblsetan Boxtere), a

thifl F?ﬁr%%%z@rn(e% %Qé‘iha%l@frorﬁb@mel@ Bi £PSIMELihS b@es siljealesy., such
centimeter o

B I SR TEN = AT ——
thd tfardz@t 014 addkihifo) thé ORVIOK AQYightHedte yeies tibseodptdiked at Figures 1A-
C PR ATE R 8o RSNSR Ty Bo SR R S50 L9500 8 ipu
siderides of an Xasniparn 22 gnefecabiy thesighdi Cﬂéfaeﬂe)molzprzgy t24 oFeen and blue
bané1 l‘olfldl ngmrxlgta {)ﬁaw%)? ct |181nsimi1ar components for those pathways labeled in.
Figure 8 with a prime for blue and double prime for green (with the exception of the
furning mirrors 112°, 114°, through which pass both blue and green bands). Blue light
enters a second input side 120b of the X-cube 122, and green light enters a third input side
120¢c of the X-cube 122. The red, blue and green bands are combined in the X-cube 122

and pass through an output side 120d into output or projection optics arrangement 126.

27



tel evisions. [0067] Second, Colorlink(r) technol ogy of
the prior art inposes great difficulty in aligning the
woOho@aosi7hf erent col or immages prior to the propeTisen7005531

| ens. The enbodi nents of Figures 7 and 7 do not suffer
fromthe need for a separate alignnment reginen for the
different imges because they all derive fromthe sane
addressing |light source yielding exact pixe

alignment. Aligning the various col or-specific inmages

is merely a matter of equalizing the different optica

[o@@; hs betaRem Figaressmrsﬁewﬁép gt Be aBaI@ks%%] inBs téfed above as

fajrl htforwar process for
Wé{@c]ug cH’éé"%%)?/@h ¢ 130 s‘ss?@ﬂ‘é”l" (96 dhngg LERIs. ﬁ‘tﬁli‘a‘h“qé%“g infrared

weiteclighg aflial diffaehi eanddor f<Q) 6k a'ﬁﬂ%ﬂé& 8Tlhe] gt abl®e hght passes

ano optic e 100. co ured se wth t
Bh fivenBpiar Cad G ronsaea e omiontiing by Hewen g polarized
lightdhnatsusad) ardinkamwrie hgﬁﬂnﬁﬂmﬁlﬂdf $36. Ol\rﬂ)dﬁﬁll’cdde&r@fhgm\@s output

ke A 056 M B L 9 BRI e 1

mﬁwpwﬂYédaﬂg&een and blue bands (shown respectively as

R, G and B). The pathway of the red band will be

detailed; those of the blue and green bands are
0%i0hi | ar i n contlépugh Fseribaiinishmebnitdxglf pariculafdngotadenty it will
bePapaleht & thb4dr iR ! | Tans

]F% Y hr ough anot her re at;'a JeﬁltéM%}Go d Ogillt?%pg‘{ﬁ Eﬁfd%%bus changes

to ;%«rsart@afémamy @rePodds, derﬂecthEIﬁnm@s a\aperaparrSczdex@r gwwn and
ded&igel With feBiRcPRtdredk mQ@é EWBYdimBts %?ém | @wﬂ B@rnderstood by those

gelarlzer 118 may be known as a wred ari zer
SkE) dgm’ thﬁvaéT F]g&cgrtppdﬁpq\yﬁ%t@m q)cha%eg HP‘W pf: |np‘qde therein without
depoltial 7 tHe®cHpe aﬂvs%hﬁt&ﬂ"tﬁé fovernoMdYekt {ofth)abo®, oft from the scope

o35t S e TR T skt e DRl o bbb snter

laydy dug helstldilaldgslithﬁéshﬁ atigtive h&pcﬁkﬁ)ﬂuﬁf F]IZCE fis g;&ﬁtoa:’iﬁiply nh® layers are
M 20 t v ose det al
nelg‘lj1s U éslaa/g@t t&.l puﬂ"o ﬁ‘tlg?' o T%] ispﬁf\‘él_owf’rzﬁloﬁéeﬁ@’ff goes not
Prﬁcrlamq th@rp(dramtezrwmrigllayetrovlmedbemn.l nput side 120a of
an X-cube 122, preferably through a clean-up polarizer
124. Green and blue bands follow simlar pathways,
wWth simlar conponents for those pathways | abeled in
Figure 8 with a prinme for blue and double prinme for
green (Wwth the exception of the turning mrrors 112",
114", through which pass both blue and green bands).
Blue Iight enters a second input side 120b of the
X-cube 122, and green light enters a third input side
120c of the X-cube 122. The red, blue and green bands
are conbined in the X-cube 122 and pass through an
out put side 120d into output or projection optics
arrangenent 126.[0069] Also in Figure 8 is shown
apparatus for addressing optics, terned above as
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wite light. Awite light source 130 is shown as

three LEDs, each outputting infrared wite light in a
wdaizbd7ewsate band for red, blue and green. The i rCraSew?7/005531

source |light passes through a beam expander 132 and a

pol ari zer 134 (or optionally a beam steerer if

polarized light is not used) and into a wite |ight

nodul at or 136. Modul ated wite light is output from

the nodul ator 136 and redirected at the polarizer 134
CLHMSid the dichroic splitter 110 previously detail ed,

wﬂﬂ@ﬁﬂﬂcéhnheugﬂ descrlbed in the context of partlcular
be apparent to those skilled in

glne tg
the p pPY ?eﬂyeﬁgﬁwgﬁngf nodi fi cati ons and vari ous
changist ¢lecttode &get;eachi ngs nay occur. Thus, while the

i nvention.has.be cul and bed
¢ el ieBRS B BRal B hee B S er Sot R Boe rpde layer:
Wi | |2 fetacotdcsve Meﬂlﬁsﬂohﬂﬁ@ze‘s Kiel ﬂrﬁd)ahfbrﬂd}%r art that

certain.nm ion de therein,

o L HOE et PP SR S oo T fafr G earior
canfivmgtldyendefmimed vélome hndbouexising a pluciity bfcastopapodisdied

C V%ere the clains recite a | ayer

thgﬁgﬁ%gg]'&@ggg or 'under' another |ayer, that

r el sanjedastrtaly insblagngsqcendibirvier ldyg;dmmeldoweanhd caigien@tnfining
lad@; i nply the layers are necessarily adjacent to one

anot her: a Iayer bei ng di sposed over another | ayer

does? gt bIoFlinE lryer disrosed ovasites serendrbpeinreyer fydlasking light of a
Sekh@ae@@gwﬁgankAINB MHAT I S CLAI MED IS 1 An optica

devi ce conpri si ng first electrode |aye

el ect'Filesiive yaYthlalP%%Ffil pypr e light Blocking ﬂayrv‘a% refwgvpﬁabeﬂ within

thovascrddheavelengih lehect r ode | ayer; a phot oconductive
| ayer, .di.sposed over tge first barrier |ayer; a carrier
confd Weﬁgfaeawrd‘%ﬂeebvg & diBpeef Reerho reSebhimfexarrigd
| ay e, opB@dlkjr taakmhiseive 6dhd Bleﬂtgodeazyﬁ dRpbdediong tRe ViddfAEent or
npr|3|ng a plurality of carrier traps dispersed
it the vol une; an electrically insulating
second barri er Iayer dlsposed over the carrier
conf in | ocki ng .l ayer di sposed over
2 Thlg Ogﬁ%al %g‘?“r’e %f?d Tay ér 1?" C%‘PB%% T%ig 1ight of a
s eI @cwdgwmme@ngplhd bmhel firsh andbfecent ¢lv@rddayeyersgisixosach for

re&via_\ftﬁlg% %hf’pdliie@ Blectl-aRkd ﬂq:olséacy 65y tht ggl_ta[g%fsl)gr% b8sdl thdRst ana

second electrode layers at a frequency X;

di%%?s(i)veq

wherein the carrier confining layer is characterized in that it traps a substantial majority of

charge carriers of a first type for a period of time at least 1/X.

3. The optical device of claim 2, wherein the carrier confining layer is characterized
in that it traps charge carriers of a first type for a period of time at least 1/X while a
forward applied electric field is applied across the first and second electrode layers, and
that it traps charge carriers of a second type for a period of time at least 1/X while a

reverse applied electric field is applied across the first and second electrode layers.

4, The optical device of claim 1, wherein said first clectrode layer is substantially

opaque.
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t he sel ected wavel ength band; a birefringent or

di spersive | ayer disposed over the reflective |ayer;
wan7an3wpti cal |y transm ssive second el ect r odecCiragern7/005531

di sposed over the birefringent or dispersive |ayer. 2.

The optical device of claim1, further conprising: a

vol tage source coupled to the first and second

el ectrode |l ayers; and a switch for reversing an

applied electric field inposed by the voltage source -

across the first and second el ectrode |ayers at a

sfreauengicdt deviRe bREIRIN NOwERER RS safPAi &Y BRI HIAY Blyet  first
characterized in that jt tr S a substantial majority

cagrierRaigee Layen P! dgvice fgther yyersine period of tine

at | £agbndéafrierTonfiiigy RPL Sctlvedtané Gt Birriel RLEP2Ad the
wher ei n the carrier confining layer is characterized

PhOfogoRdyctive 1aYet s charge carriers of a first type for a
period of time at least 1/ X while a forward applied

electric fie cross .the first and second
6-e1 ect1oWPiicrly §P§Of%g§ ’HgFﬁrCOFP§§§ Echarge carriers of
a seadrudt dneplighoentdaype dispoked hdjhcane taathe beefsingdidt Xr adapdreive
reverse applied electric field is applied across the

la?’lrst and second el ectrode |ayers. 4. The opti cal
device of claim1, wherein said first electrode |ayer

7I S mpeg laclekr%e cﬁaagﬁ Jlnagel ﬁﬁl OQSXAU%SngfIa)%k%O prises

t he sai carrlér confi ni
gaélafnﬂ @éﬁmée nnd ﬁlreﬁgrrteawﬁmrtgﬁemyspmpaises@eimetemﬁ @f gdlimem arsenide,

A@a‘ﬂ%rdrfthGQA@wﬁﬁ GRBc pRLIidles QEB&EJH AdetdNeh, bet ween
the first barrier layer and the photoconductive | ayer.

6. The optical device of claim1, further conprising:

g.at | ERsbpine o%wcgrm‘ea&ml Y 8FhetiS RAS QHrrR4l] c%‘ﬁﬁﬂitngt RydiNefines a
blrefrlg?ﬁnt or dispersive layer. 7, The optical

thipkess SUGT they the FATTST SRAEPIBE RYEhE “ﬁh?ﬁtt‘féghﬁl‘ifﬁ’ﬁ ng | ayer
conprlses gal l'ium arsenide and the carrier conflnlng
Iay S a east ne of. I|u arseni d
o SRR e el 2 a0 B dETsTvAIaE Grupeksa distibuted
Bta@g refldetc@ugdie fBm Thanapig abdliagey bf Mmatztiaklaving different indices of
re¥x/hetre|n the carrier confining layer defines a

'Af CKhess such that the carrier confining layer is not
optically active. 9. The optical device of claiml,

ld’.\’her’ﬁﬂen oLtli]ceal rd%trﬂcg Ié’fgmi @y%\;he?e?m{lé Sg‘ﬁecﬂv ]%Iepc%% ?’ges a first
distributed Bragg reflector layer, the optical device further comprising a second distributed
Bragg reflector layer disposed between the second barrier layer and the light blocking

layer.

11, The optical device of claim 1 in combination with a source of infrared addressing
light and a polarizing filter disposed between the optical device and the source, said

polarizing filter physically spaced from the optical device.

12. The optical device of claim 1 in combination with a light engine disposed between
the optical device and a light source, such that read and addressing light from the source
passes along a first optical pathway through the light engine and into the optical device

through the optically transmissive second electrode layer, and read light passes out of the
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Bragg reflector made from al ternati ng sub-|ayers of
materials having different indices of refraction. 10.
woheo7opsizeal device of claim9, wherein the rePCeas200e/005531
| ayer conprises a first distributed Bragg refl ector
| ayer, the optical device further conprising a second
distributed Bragg reflector |ayer disposed between the
second barrier layer and the light blocking |ayer. 11.
The optical device of claim1 in conmbination with a
oRtisat é%"“ﬁf’f throtiehdhe AU dE8FRESiVG gerondisirolofrolaxes idngrough the
lightlehgihe diohpaseshnbepiee pathey opt i cal device and the |
source, sald polarizing filter physically spaced from
the optical device. 12. The optical device of claiml
13.n combbpiial @evieé bhcRirh iIghtvheRBi B 1KHLE RASIAE cHBRbIRL Mt least one

the.opt.i cal.. devi,c a.li sour.ce, uc t hat
AR R SE LR Y e et fa SEPE orlisDoRmion g de optcal
dé\jict‘estotﬂﬁﬁ aqmlarﬁamdmag/ tHchlrcdegxlghtt hﬁcl{alng&‘ltltsqj’agivﬂ@/ fshgh the light
el%%} efronqef‘heoiprs t06H1e se on oepcica d)&ng»Y the optically

M Ssivé secon %@er and read |ight
passes out of theoptlcal devi ce through the optically
r a t
ﬁ@eﬁﬁicﬁgdezﬁ%%@ggﬂgegovkgggm ttﬁléc/ ﬁlec@e \ﬁgvefenﬁ%gaaglc}_hs within the
V'é L &paptrtd@\nnééurélﬁcrowlmm the, admem@ hgltth:emnmgﬁv;tm‘@ngcﬂ hight and the
ﬁﬁgﬁgﬁh§ﬁ§“@@5%§§§ﬁlgpe di chroic mrror disposed al ong
the first and second opti cal pathways, and the optica
device rotates a polarization of the read light to
1&hangge éptzaReh ey clhth @ BaRrdid @l frd MR 8yBEc i R8RS D@ afer.
first to the second optical pathway. 14. "The optica
device of claim 12, wherein the sel ected wavel ength

1RandThiesoptichhiidvideNer Adifi bhﬁ‘th%p&ﬁﬁﬁﬂﬁiﬂg @ﬁfifécrlﬂ@peﬁfd between either
i rei.n tge addreg % | @?ﬂprIZFS infrared |ig

R HEC TR I GRE (ROt PRBEr FOEE I dihogTH betygen #ihrst barier
lag@tandahe glevicoadattive lagem 1vvher ein the first barrier

| ayer conprises a wafer. 16. The optical device of

claim1 further conprising a wafer disposed between
1Bi t hElre ¢rhisalf devse of Ll 1 dakchelr agraprisingla thader fdispstedbatwder the first

el%ﬁ}éo%%i%%)%g élg?] S}Qeof?sg é)?rlg eW‘?aS/ L hg ffL,.li% resftcob%lﬁrslng Cflt llcf:jl te (I;nef ofd a third
bartiey layer ahdip @i@éﬂcmmlnmrldsspn@daaevmae rthedwsfpoaeidhb ﬁtst\elenrode layer.
the first electrode |layer and the first barrier |ayer,
and further conprising at least one of a third barrier
1§.ay ef miapdefor mekiag prpdtitlaypead aptisa slorige pernmesre:t he

waf egoafthgt st ddndhctfb 84kf,0de | ayer. 18. A nethod for

maki ng a nulti-layered optical device conprising:
growing a gallium”arsenide GaAs layer over the first conductive layer at a

temperature less than about 425 degrees C;

disposing an electrically insulating layer over the GaAs layer;

disposing a photocohducting layer over the electrically insulating layer;

disposing a light blocking layer over the photoconducting layer thst blocks light of
a selected wavelength band;

disposing a reflective layer over the light blocking layer that reflects light of the
selected wavelength band;

disposing a birefringent layer or a dispersive layer over the reflective layer; and
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providing a first conductive |ayer; growing a gallium
arseni de GaAs | ayer over the first conductive |ayer at
we 20@nmpsex7at ure | ess than about 425 degrees C; #®#CTAB200MQ05531
an electrically insulating | ayer over the GaAs | ayer;
di sposi ng a photoconducting | ayer over the
electrically insulating |layer; disposing a |ight
blocking Iayer over the phot oconducting | ayer that
bl o ¢ ected wavel engt h band; di sposing
are TPOS't“g\?g quy% %WP“ THE FEYKh CQS'FIER‘R’PHQV 9 Qe ﬂ‘F t‘i’é‘?frmg@nt
orrdefpessiptesayerght of the sel ected wavel engt h band;
di sposing a birefringent |ayer or a dispersive |ayer
over the reflective |ayer; anddi sposing an optically
1% r anBwi mehedofsdond, fothducinpsidgayer over the
bir j The
ol o o TR o cohARAL Il (o HE boricily S BpoR conductive
laygyiorqugh %feelﬁ%ty@* svisch thet is ppereble |ty revemn snBsiriv diehbapiied across
the ORMldES v MBydr@yer through an electrical switch that is
operable to reverse an electric field applied across
the conductive |ayers. 20. The nmethod of claim 18,
2 er I
o EXSlinf BRI A ol B it o
ar@kaE?sélbﬁ‘iWPS“ abe F @A 2¢PBwi ng the GaAs | ayer conprises
QFOMAng |t at a tenperature between about 200-300
21degr 22, The method of claim18, mhereln grow ng
t ho TaeAue P%%/‘é’f?C'?'m Fh aheripgiovdag the (i IRy comerisgsmsowing it at
a teAmpeatuad bawtanmwueto oteghes cbet ween about 500- 700
degrees C. 23. The nethod of claim 22, wherein
anneal ing the GaAs | ayer conprises annealing for no
22| ondée trhtnd adfocibint WBNtmpherdim igtd@@ing 24e Gare lli@ézhﬂdﬂﬁf‘ comprises

anﬁea"ﬁn ftﬂeiftég@ﬁger af @gol&sﬁurﬁéug&}%eﬁetwen;ﬁ béaugfooa f (%%%&SC

mhereln the GaAs Iayer is graded across a thickness

di | i .
22 TR Ao PORGES. LR S B Bl vy el apmesios
3“%@mﬁmgﬁe§“6ﬁw8tWﬁa@*mapﬁes across its thickness

between in nolar fraction of Al and In.

24. The method of claim 18, wherein the GaAs layer comprises at least one of AlGaAs
or InGaAs.
25. The method of claim 24, wherein the GaAs layer is graded across a thickness

dimension in concentration of the Al or As.

26. The method of claim 18, wherein the photoconducting layer comprises GaAs that

varies across its thickness between in molar fraction of Al and In.

27. The method of claim 18, wherein the photoconducting layer comprises a thickness

between about 100 nm and less than about 10 microns.

28. The method of claim 18, wherein the light blocking layer is optically invariant to '

an electrical field applied across it.
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27. The nethod of claim 18, wherein the

phot oconducting | ayer conprises a thickness between
wahow103200 nm and | ess than about 10 m crons. B8T/USb@®7/005531

nmet hod of claim 18, wherein the |light blocking Iayer

is optically invariant to an electrical field applied

across it.29. The nethod of claim 18, wherein the

sel ect ed wavel ength band is visible |ight and the

reflective | ayer passes infrared Iight. 30. The nethod

of claim?29, wherein the reflective |ayer conprises a

2stvnﬁn drmsstﬁambe ?llafni) l 8,6)t‘fhe|ré3n ihe sERBtedBiReRn@h bah@igWidBie light and
ej.n e reflective.layer conprises alternating
the 5‘5{& éveo%y%rrpféﬁf yer %ﬁ"j}%‘ " oxi de conpounds.

30. The method of claim 29, wherein the reflective layer comprises a band pass notch
filter.
31. The method of claim 29, wherein the reflective layer comprises alternating layers

of arsenide and/or oxide compounds.

33



