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SPATIAL LIGHT MODULATOR AND METHOD TECHNICAL FIELD:

WO Q0er10Ttiis invention relates to optically addressed spatial lightT/0s2607/005531
modulators (OASLMs), sometimes termed light valves. BACKGROUND:
[0002] There are several distinct technological approaches for generating
a visible light display, particularly large size displays such as those
characterized as large screen televisions. Liquid crystal displays
generally exhibit high resolution and advantageous thinness (e.g., about
3 inches). These are typically limited to sizes of 42" (diagonal) or less due
to cost constraints and the fact that a drive current cannot be easily
maintained along a very long amorphous silicon row or column drive line,
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suffer from the drawback that a single pixel can significantly deteriorate
resolution over the entire display; large sheets of glass have fewer large
panels, so the yield loss is highly non-linear and decreases with display
size. [0003] Another technology for large displays is plasma television,
commonly commercially available in the range of 42 to 50 inches. While
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good thinness (e.g., 4 inches) and a wide wev_vmg angle,
1000/@solution is not a$isHAYEESHIRBECIERINRERBEIE §dthesesdurmdighlicht modulators

(0 sidvRs siaghelpsirapiasbalancebisdepth against resolution rather than
maximizing both, they are generally heavier and suffer from "bum in' at the
display screen over time, and they suffer from the same single-pixel
shortfall as liquid crystal displays. While some research is ongoing into

Badi&iR@erganic LEDs (OLEDs) in large displays, these typically have a
lifetime of about 8000 hours ar less for such high- ppwer lications and.
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significantly complex drive electronics. Liquid crystal displays suffer from the drawback
that a single pixel can significantly deteriorate resolution over the entire display; large
sheets of glass have fewer large panels, so the yield loss is highly non-lingar and decreases

with digplay size.

[0003] Another technology for large displays is plasma television,
commonly commercially 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 fhan maximizing both, they are generally heavier and suffer from ‘burn in” at the
display screen 0ve1; 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 typica}}y have a lifetime of about 8000 hours or less for such high-

power applications and are seen as inherently limited.



(e.g., red, green and blue) to produce a full spectrum of color in the

displayed image. High temperature polysilicon (HTPS) implementations,
WOsUwT/ #s2hose marketed by Seiko, Epson and Sony, generalyCasesamnm angs531

lamp for illumination yet still exhibit low brightness at the display due to

aperture constraints (ratio of light to area of reflection) and parasitic

diffraction. Further, resolution in the more commercially popular models is

no better than that of plasma. [00051 Liquid crystal on silicon (LCoS) light
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[oo08] Digital light processing (DLP), a technology for which Texas
instruments is well known, also uses an arc lamp and generates mid-range brightness but
iesser resolution than LCoS. DLP exhibits even higher light losses than LCoS, due to a
spinning ‘color wheel’ in addition to micro-reflectors that impose loses similar to the
LCoS tiles. The color wheel is seen as necessary for DLP in order to operate with a single
light valve; multiple light valves for different colors are seen to drive costs high enough

that DLP would not be commercially competitive with other technologies.

. 00071 : Each of HYPS, LCoS and DLP dispose the addressing 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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42 inches) with good resolution and brightness, without the tradeoffs
above between the size of the CMOS chip and the optical modulating
surface that drive up costs in the current technology. SUMMARY: [0008]
In accordance with a first aspect, there is provided an optical device
comprising: a first electrode layer; an electrically insulating first barrier
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ay% disposed over the birefringent or dispersive layer [0008a] The term
“disposed over' does not imply that the layers must be bonded to one
another directly; intervening layers may be interposed between the above

&fibed layers as detailed further below. [0009] In accordance with a
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SUM

[0008a] The term ‘disposed over’ does not imply that the layers must be bonded to
one another directly; intervening lavers may be interposed between the above described

layers as detailed further below.

[0009]

(¥



with the layer over which it is disposed; intervening layers are possible
without departing from these teachings, and several such intervening
layers in addition to those detailed above are particularly described
below. BRIEF DESCRIPTION OF THE DRAWINGS: [0010] The foregoing
and other aspects of these teachings are made more evident in the
following Detailed Description, when read in conjunction with the attached, .
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temperature growth profile for several of the lower layers of the

embodiment of Figure | A. [0019) Figure 5 is a schematic diagram of a
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with the layer over which it 1s disposed; intervening lavers are possible without departing

from these teachings, and several such intervening layers in addition to those detailed

above are particularly described below.

BRIEF DESCRIPTION OF THE DRAWINGS:

[0010] The foregoing and other aspects of these teachings are made more
evident in the following Detailed Description, when read in conjunction with the attached

drawing figures.

[0011] Figure 1A is a schematic cutaway view showing some of the distinct
jayers of an Optically Addressed Spatial Light Modulator (OASLM) according to an

embodiment of the invention.

[0012] Figure 1B is a schematic diagram similar to Figure 1A, but showing

a different embodiment.

[0013] Figure 1C is a schematic diagram similar {o Figure 1A, but showing

yet another embodiment



valves in conjunction with one type of optical engine for together forming a
projected image. [0021) Figure 7 is a schematic diagram of three spatial
light modulating valves in conjunction with another type of optical engine
for together forming a projected image, and also showing a prior art
arc-lamp source overlain for comparison purposes. [0022] Figure 8 is

nother embodimgnt of -an eplical engine. confi ér%“ employ an
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large-screen commercial imaging technologies such as MEMS, liquid

crystal on silicon, or High Temperature Polysilicon. For example, certain
[0015embodiments ofthigdnvantitin affeschigmificadiagpsmaduantages bigmre 2C but
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preserve etendue to a much more significant level than projection
layertechnologies using color sequential modulation or multiple light valve

systems with limited surface area such as is the case with liquid crystal

on silicon displays. Etendue may be conceptualized as optical throughput
[0018kfficiency throudhesispalaite anptivavdlencegcuiv hepresdightesoememidayers in the
light ¢ gglg{d}t&{ﬁ% eRptical e.ngine, etendue is‘a measure of the optical

efficiency ‘of that coupling. If the source is a laser, etendue may generally

be readily preserved. Where the source is non-point as are commonly

[00171;530' in large-sgreenimaging aflsyaiandyue P%QQE@Q?B@@&"HF%@ J@g?%ﬁveiy,

ecause optical coupling from a non-point light source to a modulat

but fay Bleamybasnpaopidigely bBcause 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
etendue. Merely 5 WO 2007/103274 PCT/US2007/005531 enlarging the
silicon-based chip size is not cost effective because to do so would reduce
the number of chips made from a single wafer, effectively reversing some
of the efficiencies that drive Moore's law of continually decreasing cost
per chip. The relation between chip size and cost is not a linear one;
doubling chip size more than doubles the cost of that larger chip, typically
much more than double. Generally, the prior art uses a high power white
light source such as an arc lamp, whose light is then modulated and

da



pixilated, to overcome poor etendue by its sheer optical output power. But

an arc lamp runs very hot and requires routine bulb replacement.
WOBMBbadirTents of this invention provide a more elegant solutipeTHiERoe7/005531

merely increasing wattage at the light source. Further, optically

addressed light valves avoid the constraint of other technologies that the

addressing electronics lie directly below the modulating optical plane. This

is detailed in the Background section, and leads to higher cost and lesser
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layers, and is substantially transmissive to light in both the visible and

infrared (IR.) bands. Glass, sapphire, qyartz, SiC, ZnO, an are .
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e visible and IR bands. Transmissive conductive layers are known in
the art (See for example, US Pat. 5,084,777; "PROGRESS IN LIQUID
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an &@g@g@&@@@gﬁtg@s@y@@@ﬁm OF GALLIUM ARSENIDE-BASED
SPATIAL LIGHT MODULATORS" by Michael C. 13ebbron and Surinder

S. Makh in PSIE vol. 825 Spatial Light Modulators and Applications I,
1987). An exemplary material for the conductive layer is indium tin oxide

DB CRRHRRY, P Which is essentially transparent to visible light and
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HigHWﬁmr@%ﬁtm@r!aﬁr%&&ﬁ@@frmg%miﬂfdiments of this invention offer
significant cost advantages over these technologies. Light valve embodiments described
herein are able to preserve étendue to a much more significant level than projection
technologies using color sequential modulation or multiple light valve systems with
limited surface area such as is the case with liguid crystal on silicon displays. Etendue
" may be conceptualized as optical throughput efficiency through disparate optical devices.
When a light source is coupled to an optical engine, étendue is a measure of the 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, #tendue 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 éffectively managed for éendue. Merely



dispersive layer 26, such as liquid crystals, bismuth oxide, or other
materials whether crystalline in structure or not that can modulate light.
WOTite7disiaHce between layers 24 and 26 is called the cell gaparhes2iv7/005531
layer 26 is substantially uniform and important as this layer defines the
modulation of the light when the OASLM 20 is in operation. Flanking each
major surface of the birefringent/dispersive layer 26 (i.e., both above and
below the birefringent/dispersive layer 26 as illustrated in Figure 1A) is an
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a notch or band pass filter for specific IR wavelengths or in combination

with the light blocking layer (LBL). As an alternative, the embodiment of
[06Z]gure IB shows Bifkse DERIpsyefesan S%‘Fﬁ‘ﬁf%tﬁ‘?ﬁ’e%@l&%%@?f}m“ca} device
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to its differences over Figure 1A, and i“tgure 1C is described with respect to its differences

over Figure 1B.

[op25] In Figure 1A, a protective overlayer 22 forms a front surface 22a of
the OASLM 20 to protect the underlying layers, and is substantially transmissive to light
in both the visible and infrared (IR) bands. Glass, sapphire, quartz, SiC, Zn0, and GaP are
exemplary but not exclusive materials from which the proieciive overlayer 22 may be
formed. Beneath the protective layer 22 is a transmissive conductor 24 that is electrically
conductive and transmissive to light in the visible and IR bands. Transmissive conductive
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 PSIE vol. 825 Spatial Light Modulators and

Applications 11, 1987). An exemplary material for the conductive layer is indium tin oxide



light can be considered to address a specific spectral width of light in the
output image, called the read light, for which that particular IR band
addresses. In an exemplary embodiment, the DBR 28 (or DBRs 28a,
28b) is (are) made from alternating layers of materials having a different
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ZnSe, AlAs, GaAs, etc. While these descriptions are in the context of IR
addressing light and visible read light, these wavelength bands are
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materials used to form various layers in the light valve in order to

dispespbes e ctothdidhade I ABIA BER oPHBHBrvSIHI@Tclisigheaado]vhether

crystBHrping R e Wﬁmkﬁtﬁa@%ﬁ%ﬂe@%ﬁ%&@@%@ B0GLISHRARLs 24 and
from the DBR layer 28, lies below the DBR layer 28 to further block any
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generally about 1 micron thick and acts as an optically invariant electrical
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blockinf% layer 30 does not vary with the intensity of light incident upon it.
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26 in the embodiments of Figures IA-1B, making the overall performance
resolgiffe device ineffectual. A favorable characteristic of the light blocking

layer 30 is that any charge carriers generated therein ‘are short lived. The

material of the light blocking layer 30 is_ selected to be_highly absorbin
(002745 spectra with gﬁl%‘ﬁe'jtﬁ/ B‘F@gﬂéﬁgﬂﬁ’é{ﬂlﬁ?@rﬁﬁfﬁdbﬂﬁr&@hﬁt W@ﬁﬁ?ﬁg Bragg

refledhe MBI hasalbandgan)ajde dohé blackinglayesRQmoay RemMadrised of

dieleggir%n- a low temperature material (see the description{ below for the carrier
fifRF T erd 8has FEHFONE MBI duaiflrae areysiagihs bagas In one
embodtibiéne; Hddeekkmgori fox exantpiedinadonainedRalveayriadingraridapasited, e
oS SRRy Pt s C el clelots genereed
wavelengths of IR light to pass relatively unobstructed. The DBR layer 28 may be readily
tuned to pass only a particular IR band of interest, so that of all light entering the OASLM
20 from the front surface 22a (e.g., the modulated read light and addressing light), only the
IR hght within the bands of interest is allowed to transmit through the DBR layer 28. The
DBR layer 28 can be adjusted by design of the DBR layer 28 itself to form a notch or band
pass filter for specific IR wavelengths or in combination with the light blocking 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.



8 bandgap are short lived (e.g., they do not separate under the applied

electric field across the electrodes 24, 38), and therefore do not
WOSIgwilfi®arity modulate the capacitance, resistance or impedaPCe/of2/005531

light blocking layer 30. [0030] A photoconducting layer 32, shown in

Figure |A as having a first carrier confining layer 34a and an optional

second carrier confining layer 34b adjacent to its respective opposed

major surfaces, is located below the light blocking layer 30 and is where

the addressing IR light is converted to electrical charge carriers (holes and

{oozgjLeCtrons)- Due tg thaefleqiomol vsile lght 3k e RRR:RYRELR AYMressing

~_absorption or_reflection at the light blocking layer 30 of light outside the
lighpgaa baRenFided et DB PCfe PecTRl it Rh ke s de QP Haimpes,
call@f itteresiipighesito exdite thetphotcdad iRtGapoAidRESROf the an exemplary

Rt :
emifd %%Cgr:NI‘ﬁC“EEfé ¥ (LHERAGHING ta:g Su%’ %eﬁgé‘e%ﬁ%%%ﬂ%é%%glayem of

ayer / ¥ generate carriers an : g € change In
matprg deee, & SEEERE SARGLNR impEt AP s iyr i eratisapl Bilsdesy fyeh as
titanesidtakiead ightreatiing tioxidt §eDerata hnvialiagersardssAires and gallium

arsam%f@rlgf@ tﬂ@Xﬁﬁ«%ﬁ&f‘&W&ﬁﬁﬁyg’ %Qé) Iﬂﬁ'ﬁlt&g)eb%on?a%éoo@%t &eﬁ'&&? of materials

~modulation of the rea |§}ht at that layer. [0031] An exem&lary material for
elpkng iRyttt Bpéss2 e nighzliafty Gaffitm Kt serifes Eas!hile these
desqriyaiibly sandinghie beand: Adintle dddctiahglhiphl ndaaAasiold\|fsad\dighhisthese

waJQ¥9ét%2b9§er§Fég&%;ﬁ?g%§&JRéﬁ]tt?rﬁ? QIGWQQ%@@@%? IR, leading to

exemplary embodiment fine a much |ésser thickness on the order of

diETRERU RS BRSO MRS RRRRETOHY TR, &7, BB 8 DB0VANTS 15" dp Block/reflect

the maetdngtwbacks fiordasemresdhiltiomddégbompared to thicker hydrogenated
amorphous silicon photoconductive layers. These lesser thicknesses are
thinner than prior_art photoconductor layers that use a rear- addressin

- : : g
0028 gimen. Note hdVEYBIMRAPitiEPEsdibletd BAtRISE e dexfeeofRarae and
distiypefroestritibB R éredn B Mdhbdiear de WERbysing apfrojeidielyk any visible

1ighﬁe:ﬁ§a§tﬁ%}a%9£§,%§iﬁg SReskal 3%{?\‘%‘?%&9%@%&%@! 186324RIN8 RO ting

~ wafer and bonding the remainder of the “structure to a material that is
visiblesigtiaffy GHIS IR e e BrRRd SRR BRRG Sp o LN Bl rg daver 30

alsopiretOexeitation aessrstinrtherfistiytaiseriicranasial IRebands of interest by selecting

a m!ﬂé%%(&?%Sléﬂ%s%eRHB&%%‘P%S*%%Q&%#SQQ&.W’HJ?%HQBI@Q&%%\%} 30 is

properties upon which the incident light impinges. AlGaAs and G are

el A or (RSB D ED AU 89 G2 M eI FIEF S rigPonent.
Thaasswikizedietadedhbalow of ebnjuirctiols withltheatirstcéicidevice the capacitance,

resistance and or impedance of the light blocking layer 30 does not vary with the intensity
of light incident upon it. Were it to be otherwise, the light blocking layer 30 would have
varying electrical properties that would induce unintended light modulation at layer 26 in
the embodiments of Figures 1A-1B, making the overall performance of the device
ineffectual. A favorable characteristic of the light blocking layer 30 is that any charge
carriers generated therein ‘are short lived. The material of the light blocking layer 30 is
selected to be highly absorbing for spectra with an energy greater than the bandgap of that
material (if the material has a bandgap). The light blocking layer 30 may be made from a
low temperature material (see the description below for the camier confining layers 34a,
34b) or even low quality AlGaAs, InGaAs, GaAs, a-5iGe:H, CdTe, or for example fine
grained polycrystalline or deposited GaAé, such that any charge carriers (e.g., holes or

electrons) generated by the absorption of spectra within the energy range above the



confinement layer 34a (and second carrier confinement layer 34b) and the
substrate 40. 9 WO 2007/103274 PCT/US20071005531 [0032] The first
carrier confining layer 34a lies nearer the visible light blocking layer 30
(as compared to the second carrier confining layer 34b), and is

band FRPEANRISH Mith gésfp{ﬁé%r BOIRIRIES L8 iRiEopion,BfisPMEe YhReFeld across

energy barrier no e;% that substantially impede movement of the charge
the lgehefeheds tjuAbfioerdnecle thelcaigrificantiringadyisteatbetrapacitance,
resistSURAING RUSHIO (hOe 8p00peksRtNReCagfining layer 34D lies nearer
the substrate 40, and is also impregnated with arsenic precipitates or a
plurality of some other energy barrier nodes that substantially impede

[oosomovement of the\chagR GaftiarsBRENE UeHAN Retyeen the Laftiehe o first

_confining layer and the insulating layer 36b. The total thickness of each
carrigFARH RGN Rifershan saHqsabietepdot Bt roBhBE R dhddiacent to

its rebpeAtY 8, afio- QuErRMbodimants iahhiskngss ﬁ%ﬁhﬁggﬁv{y br3o and is

confining layers 34a, 34b would render the confining layers to absor

Whefgigthﬁicﬁé??ﬁ%?%&%y%e%t%%&%o?%%td@oﬁ&?&%ﬁhﬁ%@ﬁ% GABeFaieles and
electrbifnepdimensiopadaidhe cartigrcapfininaiaysisBtacs 4R et dhakitn or

is not optically active and that the charge carriers are well trapped by the
reﬂ@%@ﬁ@éﬁgﬁ% HossmeAnyexéhpldighhatétdr fbe trest hanéribanmirgg the DBR

layerlageIR isi QMR YhtefmMRckiovLiRMPerAlG GHRVWR GRYINR-BIREPI  conductor
.dengted as LTG-GaAs, low temperature grown indium gallium arsenide

PortigR A58l RS PReSoradidoaleysH Iownehipe hehicfotnss RaRnRRRgammsHeting
Jayerdrsenideidanolad aslcherdG@adss %E&'@@%ﬁaﬁ@%ﬁeﬁ!ﬁéh%@ €Esistice and

materials, is grown at a [ower, temperature than ‘'normal’ GaAs (or other

or ImRERREASY. tybIRMA AN AHITFIRE Batte s dBE st bl ey ust generate a
voltabdareas eI tEaR R SREICR L H vk athdetpmBerattie: RN raNgst Aause
bout 500-600 degrees C. In some contexts, intermediate grown
momﬁ?ﬁﬁ%‘é ieread AehiAbhani§ss 1ITG-GaAs, is grown in the temperature
range of about 375-425 degrees C. Note that the above are inexact
ranges; the terms LTG-GaAs and ITG-GaAs are known in the art but not

0031} recisely definedBy=teRparadiiact e S8 dBR PR KR A% 345 high

qualils oplinmMalaned®&itaner RoibRarkies 60 MM GnRYEr s 3#as 34 MAYIANGEaAs
in,thickness from ahaout five to twenty nanometers in exemplary
to AR imlts £ Sosars et e&%@v«%&aﬁ%ﬁ]ﬁl@ fay &P RbtmagRgayind some

exem@bitye chigotnEhil ugirates.amernbedisent ahgept shedrweider sEcRRtreds of
na.nm%%gelr%rto micrdns (e.g., 100 or 200 nms to 2 or 5 microns) which increases resolution
as compared to thicker hydrogenated amorphous silicon photoconductive layers. These
lesser thicknesses are thinner than prior art photoconductor layers that use a rear-
addressing regimen. Note however that it is possible to address the devices of the type
described herein from the rear as well by using appropriately selected addressing spectral
wavelengths and or by removing the bottom wafer and bonding the remainder of the
structure to a material that is essentially transparent to the selected addressing spectra.
Most of the photoexcitation occurs in the first two microns of the In/GaAs/GaAs/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.



confining layer 34b, and its operation is further detailed with respect to

Figures 3A-3B below. [0034] A separate interface between the carrier
woasafinisgayers 34a, 34b and the photoconductive layer 32 g game/ 005531

the transition. For example, layers of indium 10 gallium arsenide InGaAs

and/or AlGaAs may be disposed between the GaAs photoconductive

layer 32 and either or both of the carrier confining layers 34a, 34b,

compositionally graded from pure GaAs at the photoconductive layer 32 to

ooz mole fraction @ﬁé‘kﬁ@%rﬁ%ﬂ%ﬁﬁﬁlﬁéoﬂﬂréhgﬁr@@ﬂgi%s(@iswtwszble light
transijtion layers not show )an%'turnlngc{nto LTG-G L'I'lg In %3@3 nd ie
blocking) Y5 )(AI@MS'EP & carrier contnmg ay&Fs® émgﬁb Fona) and i

impregnbdimatit #meair erqmipitatab|éotoshdieirihetivar ridt sondimtygages gnablerrier

node@f Lt e -AlEams M GROSHIRRA] Grading, o &M@@thgcmuﬁ%vﬁunonon
layer 32 which may be made of AI aAs, GaAs or lnGs}Lfgh %ﬁe secor?d carier
f

betwﬁf’é‘cfﬁﬁa?gg’?f CRENRE RSB G é’?ﬁ'é EPEnt4E orm eve
confgrm@téazstea@slbfiearmeassr,émgthlévsembdﬂ]mfawt malshaversenyiskivohadisenic

preciipfied sereneliry ers ShAlGARS <RAAS BN xﬁ@%ﬁﬁa@rﬂﬂgﬁffné}mmpede

countefarts to tune the resistance and/or. ca aCItﬂ] ce Oft

mOVRRE S BT ST TSR SO BB A BN A firePBAME FTAVET %%Tap layer and
the ipenlugien theefidicarfier tenhfkivky eyt Sachapritine digHitinackivey Rifper3b is

pre EéQb@WétW&%%H&:@%%GW@&? ArapRReWithindhenlicti fRIHETGER IiIGess

er 34a fro t|n tQwar tbloc ing,layer
for @%e?ﬁﬁbcénﬁg 8] a/x\e g\g’lﬁdqoiqlon arrleefz%/hE> fin sgb%ﬁvgeﬁotﬁbsorb

signderondeoargerdstifining &yeﬂl34bhami=*aﬂkbw§rreléhwbdé Iavéﬁssi.b%e"rhmnef

dimé%?&@f@ﬁm@rc:a'ﬁ)é?%%ﬁﬁrﬁﬁ%‘ﬂ%?&%s%@@%%ﬂﬁfﬁffm g rRIing helvesstive
the Ig er electrode 38 and.the ﬁ%’j‘? glnd ctln F3](aer 32 or second
and thay, 1P CBRGSi KIS P S A & PBRE NG SR se% Rh&“Sptional carrier

confining layer 34b is present. The barrier layers 36a, 36b may or may not

[ooséae n;]adbe from tlhﬁ§éiﬁﬁqﬁi@59giﬁké§apﬁﬁ @E&%Q@feﬁ%ﬁlﬁﬂ@i@ﬂr%}@@ﬂiﬁnonly
e barrier layers 36a IS any Insulatin i wit

gl R TS S S0 IO S R I e

grovaysediden AdEuor aﬂwﬁeléeméem a@eh'ﬁﬁ -J0G36} Fnd/lowew clennrediriny@Epwn

axun{iﬁdﬁaagabﬁuanmaﬁegC&@ﬁo@adatoL@dgtwﬂsanreﬁ@d\@rml@aﬂmarattag other
shown.in Flgure A the ower conductor 3% need notlbg %pt

|
LTGy gfﬁ‘as%h) “é?naptlar)? WSSO e f'ower Cohaucior Igyer gglngl als)’
typigdpedib e dopsciitan g (B8Ay0etvaribusvhvatesraetons GRAR s fys:ucaﬂy

groWWiPREG IRGEAARARE in the range of about 500-600 degrees C. In some contexts,

intermediate grown temperature GaAs, referred to as ITG-GaAs, is grown in the
| temperature range of about 375-425 degrees C. Note that the above are inexact ranges; the
terms LTG-GaAs and ITG-GaAs are known in the art but not precisely defined by
temperature. The second carrier confining layver 34b is optional, and either or both
carrier confining layers 34a, 34b may range in thickness from about five to twenty
nanometers in exemplary embodimeats fo 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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any of 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

gallnfipseddAnd 48@ua ongnand theisame. AhJ00R7] Jibsostpstratedayero isaas
preferably a wafer made of GaAs, and may serve three functions. First, it

photqeandreliRa it sib ArdieihSuphbrthalotes atpeigs crpbping dewwra, ita. 34b,

compBas AR BSHAREIPWEREIREL @@%éggtifhé)?ﬁ@t?jg@ﬁ‘d%fﬁé {RBSIISSINEnole fraction
conductor_24. As illustrated in Figure IA, an electric field (preferably AC)
of Aifiagsiigt Hrass thlone s sipesiicr SEsingtErtsiHemisives 1agershavas and

turnidyill e detgilgdAelowsliacenasateolqwes-elecadedayer 38iis HisResed layers

as shown in Figure 1A, then any electrically conductive properties of the

342, 3t dnAnerrrtaicaidt il emsriEaitded e tiraaigonduinanager made
of Lte O&9AMGE: AsinaiNeivl thacHPIt e dR M AIREROISAGWEr which

onductor and the separate lower conductor and layer 38 is not

may hepeds 9t AEAIVERATHY dobeisieadln ) o Sdmiaiss b mitiads are
deep@lasti@dmeanplisedRhrepad JRGRASS2 A SeAMEAAR 1BAST IR AHEE R may

other camman electrode material deposited beneath the substrate with or

have GapRBGE R oRRIRL SRl e phratii e Sa b st dnbraAbaad their
LTGAlfoalsH03 ametherstilahble materahphbitthdbe stsirie 4R ARERIRrer.

seed layer from which the GaAs epitaxy is grown (in certain
embodiments). In some embodiments the GaAs wafer may be removed

[oc3sand the layers grawsdayenitaxyt banded toya diffarent skbstateny b carrier

There are several techniques to accomplish _this including but not limited
configg e s A R A A oS B o S R Y S G A9 45 Uapped

withiallaw fiesttbisrite d@@mﬁzﬁgfﬁ\gﬁ#@ﬂm?@ﬁﬁl@lj@m)ﬁﬂg%@?&zﬁ@ ﬂ%gﬂgw ?%Eﬁing layer
embodiments to fqrm the second barrier layer. 36b (e.g., AlGaAs), the

30 gL e A ayet S99 GP I SR et Bhotgc kg the

secolaye3er (eodfimaA pydhe frshiearieswantingol@yes4 B andithe f¥sind barrier

rier layer 36a, and even the light blocking layer 30. Of course, aother
e GG S EORTE o TEAL B AR Lot STt e and the

photeleciiete duagtions srteccisiinginayecsnanionaise diffedepénnpiedalsiiiher the
. some layers noted immegdjately above, perhaps losing some efficiencies

OPUOH?Q%%IWJ%%%?&?%’??@“&]L%YSF@%%&B%ﬁ%\fvir}'glfh ARG %%%6. TR g2y not

be mudsyirgrpraesambramiheiGaAmwalert?. Qthesexemplananatarials der barrier

. . i . ilicon
iayerécgé%?féhaé% ?ﬁ%%rg@%%%%rén}f#é%g{ vgg}‘g}gsaﬁgllécmt%eg%}ggé%{n lgg?e?sl,,lcsuch as

aluminum gallium arsenide AlGaAs, aluminum arsenide AlAs, or any diclectric material.

[0036] The lower electrode layer 38 may be any conductor, and for a
forward addressed embodiment as shown in Figure 1A the lower conductor 38 need not be
optically transmissive. Exemplary materials for the lower conductor layer 38 include
doped GaAs, doped AlGaAs (of any of various mole fractions of Al), doped InGaAs {(of
any of various mole fractions of In), doped GalnP lattice matched to GaAs, or a
conductive oxide such as indium tin oxide (commonly 1TQ) 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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to name but a few. [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

(0037{HBTs and pHEMES) BV Eend &R playessa8d trad s JrieAM @ and may
commercial perrs][gectiye, the finished cost per size for GaAs used in an

serveciies MIiRBE- ity b Adhsrhanicalssubs pereisePrRasHEaY eraph Ohat M 20.

SecoMICH RRAAIEAr AN SISt 05S (S USR-S I S YUR 8&9175/111&328 #he transmissive conductor
PCT/US2007/005531 for LCoS or DLP technologies). While cost scaling

24 ianiluties fiaar s ddvae drsticihisldodipbralip Aive relamidieforanss the

loweQARLWada Gadaris e dneyxpensive eiatieieaimilarywized, separate
devices using CMOS such as LCoS and MEMS devices where the

lowerefA3FPHES higHty Adnifindiaposscessity Bipl8iZSe s shpldhgrayaty electrically

condiREFRABR planAUs ithanueyeiall apticahsy %@mba&ch@b&\fﬁsg(ﬁE entire cross
considerations make a larger GaAs chip much more commercially viable
o

sectigRaY 4b8; Qhis vitF E MO BIREHINi cEF ot thE EEmPAraBY) arcAsaBsgselselower

condit@MadaabRiGaRer sPRetendunslesanbaans epitaxnMBE.LF. MetRknatively
organic chemical vapor deposition MOCVD layer can be readll}i rown on

the SUBSHR RS DR sSTtaPSE A TR RIGTRsEsRBtRaH  &ltkeped InGaAs,

GaAd, TG2AASIRAOITEOL RGAYRS ¥ercomithd esdpiiatRsnAsRalelt hakeid, Beheath
the {t})l? %own using a MOCVD process, but rather is grown by MBE though,
e S é

Ve haE M EB AR R s PULEiBIE. |ANGh e B kbl qaiRsised of

AlAscanbesgronm, by MBE aritdOCMRPIacesses (RignsommencializationQl jayer
GaAs epitaxy has advanced the art to the point where lattice-matched
from 83D dhi PG IR W GGERIERUEBABIE dFstoRoAgRdiments

the Q4oL zﬁa@marg@ﬁm@d' |)é1ﬂﬂ¢i§@3§%§l‘s dg%fhl igiﬂtle}ﬁ'éé%?b%kiﬁbdgﬁy thQStferent
originally pioneered many yeays ago by Hughes Electronics t an o

substEate R ARk ATE RSV SR LGRSy hASK T B ShhBH FRS LR B Bidfited

to podisspnitariogfraaasshionilepasdndragsnatedsamaTaRpus silieofiaw i 8is, to

Indjum Tj xide on glass. Because the layers were thick, and the
namecae%?ﬁ&@% gf“fﬁér?ﬁ&f“é%dﬁ?%%ﬁ U5EthE iRt STREUR B o fug iy second

barri¢heyywresehdenositadionsyare difterentastiescksofiengdeyeloued alier. T-GaAs),
e SRS e, (000) e I ttco Sl el O
barrig@dayearss, lendigusa hb3idasbliethinigetal Mew course, other embodiments may
divide at least the mechanical substrate and lower electrode functions into distinct layers
and/or use different materials for some layers noted immediately above, perhaps losing
some efficiencies in manufacturing that arise from growing these various layers in a single
varying process from the GaAs wafer 40. Other exemplary materials for the substrate 40
include germanium wafers, silicon germanium on silicon wafers, ZnSe wafers and InGaP

to name but a few.

[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 (HBTs 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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Note that in Figure IC, the lower electrode 38 is disposed below the
substrate 40, on the opposite side as compared to the upper
WOdlectiodzrtransmissive conductive layer 24. Dielectric stack Byemss3@e/005531
39b lie on either side of the lower electrode 38, and a third
barrier/insulating layer 36c¢ is disposed between the lower electrode 38
and the substrate 40. Like Figure IA, Figure IC includes only a single
DBR layer 28, directly above the light blocking layer 30. Also like Figure
for 1AoEIgHISL I inGle6 ek e ePRlCassiak S RRIIRING I QUaE 3HR-AiISRESAd @R area,

the oppqsite side of the photo ing Jayer 32 as compared to the first.
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otoconductin er 32. ASj ident from Figures,1A-IC, these s
g AR st Ceresinn S E B R e el e mapolitnic
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, etailed_herein to enahle such other ¢ ations. 4 racteristics .
oS e B SRR T R S35 L Wi GRSE T B ARG e
layetseiay Grosvavth&Xx AT eonfiiny Tayeesaers, 3R ureontnewializeiiqn of GaAs
epitéﬁ@ﬁﬁ%@aﬁ@%.@%?Vﬁf the {Rimperatwe atindiahdnesedanerspNexe can be
rown. For, ex e, for.L TG-GaAs groqwn at about 200-300 degrees
s £ S RO SO M) D o el o B0 00 ALy eessed
digi@! fight PEvVAIGaneh adsothpetviengineliy30Dgeeagamtheecaiinagp by Hughes

Eled@SRQ@UHTE Highthe withinniwe, rnge:elabopbedr A degeas Glicandusing
the anneal ma coQtinue fgr tleastcgrpout tV\%entg( ninutes Qe.mare.
o de & a) (s} gﬁl

2 SPUGRGEF ANEAT peri6 ssg/pr%(grl?)%%notaérﬁv?rselfy Pt esitag mdium Tin

Oxidsr opeztiss oBasausartiereonsintsee thirksaadahaaeriBriany tHdhsmahpxprasion

of (HSentHal fredpitalart oHLeIRe skassesbGitfSoaliice diffirgntheracks often
erature rowth. hasel.becomes nearly uniformly distributed
C? l%)l’l UI'IIF i1

dev lﬁ)wétc?%l%r 081 %coo ﬁ;f -
ki t%ug out the volume of the carrier confining layers 34a, 34b, and forms

distinct, nearly sphere-like nodes. These arsenic precipitates or carrier
foo38iapPPing nedes.astagitRedletal schematic form vet another embodiment of the

OASLM 20, with enly differences as compared to Figure 1B described in detail here.
Note that in Figure 1C, the lower electrode 38 is disposed below the substrate 40, on the
opposite side as compared to the upper electrode/transmissive conductive layer 24.
t}iclactric stack layers 39a, 39b lie on cither side of the lower electrode 38, and a third
barrier/insulating layer 36c¢ is disposed between the lower electrode 38 and the substrate
40. Like Figure 1A, Figure 1C includes only a single DBR layer 28, directly above the
light blocking layer 30. Also like Figure 1A, Figure 1C includes a second 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 singie
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¢. Both the second

and third barrier layers 36b, 36c are optional because in some embodiments the substrate
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component of Schottky barriers in those layers 34a, 34b of the completed

OASLM 20, exhibiting an energy level below that of the electrons and
WOHSIES A8y er 32 preventing them from migrating, at least foPSaME2067/005531

non-negligible period of time, laterally or in the direction of the front

surface 22a or substrate 40. A non-negligible period of time is considered

in the context of the overall OASLM 20. In accordance with standards

currently controlling in the U.K. and U.S., a video frame must be refreshed

40 1@Q@%@V&&trugﬂ)\/hséi&@th@foﬂx/@%%@;é%qu@ﬁp%ﬁé@wad carrier conf' mng

ayer gt odlmerits of thgu ‘r’]‘\‘/gﬁrr]qgﬁr{] re§5esh the, VIde&) fralgge atlgi%)tjtble tkaﬁ these
SO a non-n gcflg% e constraint on charge ey movement Or thos
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accordihg0d) Qs SREONEIgONAhOM RAMMARISHWIN diffaiairaifanis ralosmmay the
variQREEBIGWith 2 different cycle.rate-and therefore gef Ercn gerr]]%g‘fsu other
perio R |ff’erérnty n g neraf1 e Earhér éonflnlng ayers 545,
comai@ﬂe@gned to retain or trap charge carriers of one type (holes or
electrons depending on the direction of the applied electric field) for at

ast the period af time deflned thec clln uen oft e ap |
[OO4J§GCUIC field acr%%s'?ﬁg) [eifgg ro 34:% Because rge %g et ng are now

descn*ﬁgﬁaﬂcﬁﬁ@bro‘bewhmamasthe ANV 200TNDRYPE 34a, 34b are annealed

at a E’&H&a‘é@x@%&@fb’aﬁvﬁimbteﬁqeriﬁ@ecarwla@mﬂééagaﬁlyefersgénagrbem For
S a subst reater t about 85%

exam? ef?% ?Pgrea Fhan 35‘0 @?@fu’ B/R géggrﬁe?g 0 gn%e u("ﬁ rfﬁ%ht be

thh@r éteémﬁsqiama r’?ﬂ?rﬁ%@eetﬁéet%n Bttﬁgﬁpmt@@@e@ﬁ%atem forafe oo
dagttim@meeeln[aeoéeﬂx&mn@tﬂ'%@ﬁtbe @MM&@@@MB@&:@@MGO degrees C,

and I?hrgt;erabl poIn ]J%lllrégfmpl%t]fllter 42 ] is sed bu ween the @) SLI\/Ir %gn%i
aaﬁressmg source 44 addlressm n’dht} usmg a bire nn%ent

pemﬁedma«tﬁtt;y Ié9e‘?°2@d0t?tﬁﬁ%l‘iiﬁﬂj9 &g Alestiedyaroresissreb the gartifregontining

layefiSHACEHR. sw@@@ Do R, dasﬁeed@qmd@&eag;aa@%ﬁt_m tHened@d GaAs
modulate gltqer re reen or blu IRR IR and

ible li xﬂJ
di ted
e . o e A B Bt ety SOy aie

thm’eﬁ%’r‘iﬁbﬂ‘@é@r@Wftﬁ‘?eféﬁeﬁc@@ﬁ@méywt?f&ﬂjg}‘ﬂarﬁﬂﬁlfﬁﬁﬁ’ér‘%?ﬁmf nearly
Sphea@lmeSMssome AR lightivahies pUBRIUGEEHINY AUALS act as the metal

com§RROUTRAIS 0! AEgESsal IR e 00 of e AALERS 091 ag 20,
gurces Stall hereln or exam e moré tree coI r sources and

exhifiijins alvesengay Beu e fothar eftdeprscisios and befricncipored L orsrenting
thenC@RIRO biptAB - 0je ¢Last IfBREEmS Weh-MBEIRHIBNS period of time, laterally or in the

direction of the front surface 22a or substrate 40. A non-negligible period of time is
constdered i the context of the overall OASLM 20. In accordance with standards
currently controlling in the UK, and U.S., a video frame must be refreshed about every
1/724™, 1/50™ or 1/60™" a second respectively. Embodiments of the invention refresh the
video frame at double that rate, so a non-negligible constraint on charge carrier movement
for those 120 Hz embodiments holds the charge carriers in place for at least 1/48" to
1/120™ of a second. Other embodiments with different 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 fo retain or trap charge carriers
of one type (holes or slectrons 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 clectrodes 24, 38, Because charge carrier migration is properly modeled as a
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follow readily from the examples shown herein. The input polarizing filter

42 is preferably reflective and not made in one piece with the OASLM 20.
WO[@OW2]|0Ftie addressing IR light from the source 44 (which mayr/usayonotsssi

be polarized) passes through the glass overlayer 22 and the transmissive

conductor 24 substantially unattenuated. Light outside the selected IR

band(s) may be present, due to reflection of the visible light that is output

from the OASLM 20, from the source 44 itself, or from any other source

dist-DItLEL, 5L g&ﬂgncetmﬂn@/t\a@w Raydee iRl Rreaum el I stighindRR rity

selected sen the surface IR light.is
(., R TRROAERE S o R A e AR e T Dl T g of ome
typeniociatate dtipasses ctbmou@}hgIayéﬁ@@m@nmﬁ&alwrglﬂdeciﬁmp@%m}/éyr that
nmea0;igmce along the output pathway as will be described, the thickness of
layer 26 may be less than for transmissive light valves, preferably by half.
The applied electric field across the transmissive conductor 24 and the
focatpwer electrode SB¢ortsmbsii ste/Wali1lAd 29 |owereledawdbesk elBetfoubly, 2

pozah% ﬁtm%t@tf/wm%é&t RGO it the mmmtmadatsbmgeytme
R addressing light that strike the hoto onducti 3&&'3 g H%Le LA
4 Gdeare b TR s E T TR L Ao PO, Ry B Ble L
showvidtie reodud atiors By ssrdidting @mstamwm@udesttmimtﬂat@a OASLM
. tuneg%trﬂgc@ﬁﬁégéﬁﬂ&dﬂégegtgéﬁtp&om\H’bxﬁhbs I'i%ﬂta(flﬁﬁ ,Iﬁet%mmg RyghRively).

interaction or the v nou layers in th Iectr
One R ARTE AR 14 (5 SO 0327 PRoDSIBOGR e e e
5, tivoegh able mgram@@@@memm@ﬁoquwrésdmﬁebiréﬁmemwa%m%i in various
emb¥EIRINGts 2obMiliRsRiGISiiRithe Ut BRAGS- fﬁt&r%@s&qﬁgcadmeslqmmed

by definition and in fact substantially higher. Thel ddressin ht can
hereliiso b BRIPASd8FA t&aatéﬁefe%}"ﬁ Sg}tj Fk&aLhg %r aﬁl amgtaﬁ% used for
greaggroporcinine mdchﬂat@doseqwerm%oopgmmbtpm@weet@rgyamoﬁmwmms
foil&dd{f&ﬁﬁt?(g{lﬂ&lﬂt Bassesdioen l@u&&@&m@ughm@ RERyesi2hanihes is

light blocking layer 30, Wfélch sg}@ nearl a}ll Klsgle%}d t.gand in fact most
pmfﬁ&tﬁ%fﬁﬁ%ﬁ%l e’ B4R &) BriRteras fow iR those ayers 28, 30 are

tuned from passing below the light blocklng layer 30. The IR addressing

[oo4Bght then passesyifyqugidhadital 1Ratresdanay 2hrsdhe (HatieAMIBY or may not
confini Ia}lyer 34a an]g tpen the pho?ocon ctln %/ r 32. Because f
S t

4
be RRETHIINBES St NS EHIEF &HnhG Ta ers SyTpratersh ucmrz

substannally unat’tenuated. Light outside the se!ected IR band(s) may be prcsent due to
reflection of the visible light that is output from the OASLM 20, from the source 44 itseif‘,
or from any other source emitier, so design of the QASLM 20 does not presume only 1R
light in the selected bands enters the front surface 22a. The addressing IR light is passed
through the liquid crystal layer 26. Since the visible light to be modulated passes through
layer 26 twice, once along the input pathway and once along the output pathway as will be
described, the thickness of layer 26 may be less than for transmissive light valves,
preferably by half. The applied electric field across the transmissive conductor 24 and the
lower clectrode 38 (or substrate/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 QASLM and the applied electric field. As tested,
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about 5 to 20 nm), they are not optically active or optically responsive.

While optical responsivity is generally a function of wavelength, for all
womreictioaskpurposes it is understood that LTG-GaAs is not optieatifss2007/005531

responsive until its layer thickness is above about 100 nm for

wavelengths in the visible or IR regions which are above the bandgap

energy. LTG-GaAs in layer thicknesses less than about 100 nm cause

that layer to be optically non-responsive, and no charge carriers are

tne @RRALBICA GombeAdalieasng HoioNdtn-Lbah YR Rb R G386 ilding
21 shqlr.t the. c‘arrie _hconflnlrt) la ersr,%ﬁa, 34pb on the thickness orders }
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factworedirdbctimtay Ehas e dibt sonrsighe dato deodartersrapging 2 sequence of
lightlpatens:andhalesmpiarate freely WithiniBatRRtoeRuaNaing 1a%el.38. 1R of

{me!t.erms of the charge carriers for certain embodiments then, they are
ﬁ%’herated only within the photoconducting layer 32; they are trapped only
in the carrier confining layers 34a, 34b; and upon reversal of the applied

zooag_yectgc field, the irrg&emcy&ﬁ{e&%gfir@m%s@&jf%%etrﬁ’ﬁm@mﬁeqfstﬁ layer
II; 1QN . and sp.only on .0 carrier ends up. 1N eacn carrier conrining_,
28 B 0 P S Bt L R o BER A o o mos i

ayer._ on rever
frorg Arpisideaiies fhead(td o éntassbinbifdctyithotivd appp Rte3 b amiemtieit fvas passing

be!dﬁaﬂﬂﬁﬁgf@Qﬂé&kﬁ@@ﬂ?@ﬁﬂ@PaﬁﬁgﬁﬂéLﬁﬁf@%&fﬁ%ﬂpkﬁ&mﬁ%@é%ough the first

hatoconducting..layer 32, excjted by the ressing IR light, are then
o 0 RS S P RERD CARATC G B P By b layer
32. apprieerelettie flilnskscelots wwrded chefvdtpiaves ider, Cofining | ayeferably
abod4b whosedowiewpROsie dprhmdirestenebieappliedsiestic feldandsca

holes. toward the first cagrier.confining layer 34a in the directjon of the
G W DU 0 RIS 21 b ae T yBrege
undesiaordthef S éoaps|iscneleniientiyl dedirensive uTiklsifs Blyewthickness is above
aboﬁﬁg@m&ﬁiﬁﬁﬁy“@f?mﬁi@tﬁmﬁliﬁﬁkw bmﬁgz%&gé&t@&%bf ig#r 8B A1 Bdgap
r ematic/electric iagram. igur. shows the
B ey 8 By Mt 5 158 AP AL PR Aot lver to b
optigHbtgrBhRIeans Yay erB ndschamfecsiactighieqaenitya trddbpadtiGagigressing light
witHRGRASIAR WOEAIOAS- Mkl als sNoChis Hanked Birdhg Ust34a.87db on the
ﬂ]icﬁggf%ng) %4b carrier. ggnlinlng Iayers. g\d ressing light, shc&wn in Fl%ure 2A

SSTR photons By eter TS I Es e RYEPS A thE 1eft Lo as B etrikt the

pPhotprondsrEag i yepifnif g Rlyersilsrpidetde carter-trapping; electrons and holes

migrate freely within that photoconduciing layer 32. In terms of the charge carriers for
certain embodiments then, they are generated only within the photoconducting layer 32;
they are trapped only in the carrier confining layers 34a, 34b; and upon reversal of the
applied electric field, the holes drift one direction and the electrons drift the other direction
and so only one type of carrier ends up in each carrier confining layer. Upon reversal of
the applied electric field one or both types of carriers are freed to then recombine with the

opposite carrier that was trapped.

10044] Spatiallty 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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the others illustrated in Figure 2A. In Figure 2B, the addressing IR photons
by impinge the photoconducting layer 32, freeing charge carriers
wOglecimng’e and holes o+ within that layer 32. As shown in FRCTeUBiothess31
applied electric field causes the holes o+ to move toward the first carrier
confining layer 34a, and the arsenic precipitates within that layer 34a
impede movement of the holes 0" from passing through that layer 34a or
from migrating laterally within it by trapping them in the carrier confining
vied f;%%a Sipiiariyeas tmmmm%s{mmm@gasmieﬁg qgai%ﬁalqiemauy
the electrons e to move towar second carrier copfinin er 34b, .
For B T TR S i DR bR il
diagrleding movement of the electrons e' beyond that layer 34b or laterally
across it, so that the opposed electrons e and holes o+ are trapped at

posite ends of the toconducting Jayer 32. At Figure 2C, the applied
mmgrectric_ field is rel\;/‘é'%rgdq ?E‘)rs o‘iﬁ%r\t(/}'v?sege i% ARk 3?%8‘8&3%)5;@5 sYﬁ tRg free
chagge catiesse" Hifdrholesawdurbng theco Faoisetadanfer belfinindtayedsB4hGaAs,

InGa4b dadeeombine withindhewhotoganditeting, lakes 322 46888 REHR 34b carrier
ASLM 20 for the next image frame. Figure 2D shows, the electrons and
conRBR [ A RSB LBm O COnT G e, nGHeFo B v (s

e sec
ilusttedevisitverel&etroths lafid:h ket paitiedthe thsfiestiardenGoininingtdser prior to
the §f¥ér§ﬂ%bﬁ§té’&h%@i§%¢e%&!ieﬂ Vé%ﬁeiﬁé%&%@s‘%ﬁg %b%ﬂm&% hv impinge

reversed, As above, In one embodiment the applied electric fieldis
the PAEPSRRPATTRASPUE oftelTH"S fATRS EFHSH RIS SBtated iPletRietithin that
fayetr ddsmissibowstam dagakewiBe hhin ahplied S:1ést60 Radaltwegthotihses o to move

towBRPHRAHPRS JRAY 5%@1%@@%%&'%eméams,{@tg@c@ﬂgté@%ﬁm%m layer

confining layers 34a. 34b are designed to trap a substantial distribution of
342 IRRTOhSTE ATIEY fBF S19ehPtng tfThanstetiiatdly it Torresiifats from
mig(thegdtecatllyhidthihée apphagiele tteie fielthéssrener sed faridg e éianSanilarly and

simiMAGRISI e shed) i exemplay embadiment. e QASIM 20: toward the
007/103274

reverses applied electric field at 17 WO 2 03 o
Secve FATES GO 7HIBB £ °1 62 bihe PERBIR BrermTalfaewiue Melagendb wap
those| 2]&8@rétE, 60dading2ridzetR0t HE flanclegroater. 100dh] THae kaemicdb or laierally

acraagn{,i@@%@%ﬂ@éﬂ&%&é&%@@%ﬁ&&@@@i{@ﬁfﬁt%sﬁc%@mof the

barriers are capable of retaining the electrons e" a oles o' In place for

PhoCSRt s R%iNIEETords afYob i Emerdti?RRhEdessseniid rifidtessd (o
othdrrisequlagsd anlynaboatelh, 67usiiisbecridsrdds ubling theaefregloratee opposed

canfPAMARGS MYLXCERD 1R 1o recombine within the photoconducting layer 32,
clearing the OASLM 20 for the next image frame. Figure 2D shows the electrons and
holes pairing in the second carrier confining layer 34b, and Figure 2E shows the electrons
and holes paired in the first carrier confining layer 34a, such as where the applied electyic
field is relaxed rather than reversed. As above, in one embodiment the applied electric
field is reversed at least as often as a frame refresh rate stipulated in a video transmission
standard, which in the U.S. is 60 Hz (although other applications'.may require faster or
slower frame rates), and the carrier conﬁning'laye.rs 34a. 34b are designed to frap a
substantial distribution of elecirons 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
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electrical capabilities of the carrier confining layers 34a, 34b. These times
are different depending on the LTG material selected such as AlGaAs,
WOGHRg eEmMIinGaAs. (00473 These localized charges from themigasros 705531
and holes o~ produce a localized electric field within certain layers of the
OASLM 20. These fields interact with the externally applied electric field
and modulate the localized electric field nearest layer 26 which is
- terminated by the transmissive conductor 24 above layer 26 which in turn
120 transtairg aRdmaige, Gdhe:otiasgaddaiketstn e first amier TORENINLY Hz, and
Ita¥er 34a to the light to be modulated. [00483 One simplified electrical
Breeieuit is shown in Figure 2F (others exist partially depending on the
frequency of the externally applied electric field), wherein the
iooaBnotoconductingtayefagdeanditfiaibiyafiegeptinyen2 faiagshoemiaprecipitates
.capagjtors,in series_between.the lower electrode 38 (Qr substr a
et e BTGy ST (e (e S AR S A o B AR B place
for apores fHardBisdaydy of wemigHIDERETIUSheTRs it igeTe 198 ebRBHGtEauires
onlySQBRCAPB0ItANDREnIhoBaBYaEStHele¥aBiOrike delply esplanationcace the
eiecre.igr?sgnéggi{peﬂ {ﬁezcgh]:—tﬂgecghlﬁgp es?aoér%hgﬁl\é?‘g%%.s ’&%%ES lﬁl@g L@g Gifferent
diste i Constan s, determine It]hatrilgyeys capacitance. As shown in
depaigineRbinihE materiplsclrtiedewh esdlfnds fdsapdiedatettric field,
the birefringent layer 26 (nearer the top electrode 24 of Figures | A-I B)
hibits a potential drop of.about 2 vol I IS.C iffere
[004\?ﬁlereas the pho@éeosﬁ %‘}ﬁfﬁggg}g‘}%@i@ﬁ%&%%%%%ﬁ%‘?},%&%i‘f?%é 3%;%%%? .
locatigadreleexis pipkskmihie aestialaxraBhier Qothd vOits (hraroligfstnetag with
the Bershiffereappiids Hhelocaldmpadanse; ieapneilabsrzed leatizefiatenttast layer
26 S8 within the ahotogenducting.laver 32 chanag IREXOIIREE PR IOM wm
BV6lts to éT{'/oqts, the excess Vo tage goes to layer 26, raising its potential
wanfyigtps 2N iMeSe o VomshaBrsragketidtcdst coBis ﬁﬁ’Béﬂ!&ﬁ'e*%é%"sé) iffythedient
to bthreshgldwoltage for this layer is between 2 and 4 volts) the 18 read light
that passed/reflects through it. The above voltage figures are for
illustration; the light valve may operate in voltage ranges far removed i
(0046bm those noted o iifad pResrisss ity sheva ipdHaug RE4gthers exist

parfiWiici: paali g RiayHe GteQliginates fensihenatmeppiiateldristibid)Rvherein the

ddressing light) in.the yisible. r i I walr r :
oSSR DG A, SIS R S RS i

betyipwn darrieyene rEeis Srfom Brte iy lgneasteprRiBLarlifgiffgnsmissive

conb)br 24 as top electrode. Note that each layer of the light valve illustrated in Figure
A contributes some capacitance; only those layers relevant to the below explanation are
represented in Figure 2F. The thickness of the various layers, and their dielectric
constants, determine that layer’s capacitance. As shown in Figure 2F, in this example
where we-assume a 10 V applied electric field, the birefringent layer 26 (nearer the top
electrode 24 of Figures 1 A-1B) exhibits a potential drop of about 2 volts (although this can
be different), whereas the photoconducting 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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32. The read light 48 is prevented from reaching lower layers by the DBR

layer 28 and the light blocking layer 30. The read light 48 may pass

through a polarizing output filter 46 prior to striking the front surface 22a.

The read light 48 is modulated at layer 28, reflects from the DBR layer 30,
read ISMQArBiRL-AGR AL R RIERTINgeR By 6L 2618Rd BBSRESHRYLAGASration: the

_ . through the front surface 22a (and possibly the polarizing output filter 46)

light yslve isrecaBrras nsTelaesanges DaveTstish bemdhnehnoredasatissive
versions of this structure are also possible. [0050] Figures 3A-3C mirror
Figures 2B-2C and 2E respectively, but for the embodiment of Figure 1B

[0048§hat |acks the sdtSMENERFSr EddRing tayerB Al Efydrerirk. Wath e may not
origiRRPIIREEISRINC il dy frigura SAShvahglesdiiited ipward the IrRbcarigl.. i

confining layer 34a (that nearest the first barrier layer 36a and the light

direcib R daeroy v it Ry 28BSt Ak BReEtroNsMrdldnfretryendrdwhich
by Flf\gSeeanchbatriesslaverdth: FirstLlaatanmaansralys smadi&ing layer

2 IlQdchotoconductive layer 32 but accumulate nearer the major surface of that

89 Hghhd§t wdnsirBirristearisrdonginmyeTalpermdby ShDithiasera8 and
the iR BRERNL DAEERIRY¢H360 AHEHO/N&:aPRIRY BlREIHS {i %Iaa}i’ﬂﬁ%output filter

reversal, relaxation, or other modulation of the applied electric fie

46 pigg e mimgsthsideomendhss Hated backadtbghe Phétovsralisedetdgeer 28,
reflec?? fond dheraigetgns siftedeithensirongly a%cttﬁ@@rgf'ﬁrfgéﬁqg&réPQG and passes

confining layer 34aﬁ§in the case of reversal of the applied electric field) or

out againdJiroate thto PR oYe Gt AR di s upRis Yo ArkanghesREndteide) for
projela¥®l B2:88he easetRéralaxingtha applisdiglgctie fieddFiQUredons of this

illustrates that the electrons that accumulated near the second barrier
StruciiteAr88l5 e 8RBIRE within the first carrier confining layer 34a with holes

that were previously trapped in that first carrier confining layer 34a. In

either instance, holes and electrons combine with a modulation of the

[0050, pplied electric HiEH SeHimG tRETEIASigW D 2Bo2fornh Hexespsmizelg but for
the eMERRA(1A3264,P CR/Wa20IH0A534, 1005 R ingiman wast e, therigure

GaAs substrate 40 acts as an epitaxy seed, so it has the same lattice

LA it SR CSEIICIE A thEFHTE ek pisio Al i ain v aky fhat rarrier
confiff@WRYR H4avtich HRast iBtenResames thePtmiaaanduding Yalid2 layer 30)

(with various precipitates in different portions to operate as the charge
o5 D AR LYy L A ) PP PRGEES o Cgadbese
electi@piiaenigdetaenisdibyimaiebidgonductive layer 32 but accumulate nearer the

major surface of that layer 32 furthest from the first carrier confining layer 34a, and
nearest to the second barrier layer 36b, due to the applied electric field. Upon reversal,
relaxation, or other modulation of the applied electric field, Figure 3B illustrates the holes
drified back into the photoconductive layer 32, and the electrons drifted either strongly
toward the first carrier confining layer 34a (in the case of reversal of the applied electric
field) or merely drifted to a more equal distribution throughout the photoconductive layer
32 (in the case of relaxing the applied electric field). Figure 3C illustrates that the
electrons that accumulated near the second barrier layer 36b combine within the first
carrier confining layer 34a with holes that were previously trapped in 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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relative capacitances, impedances and/or resistances among the layers of
device 20. Apart from acting as a mechanical stiffening agent and
WOR08%is2zte lower electrode, the GaAs substrate 40 in one GIBAHEAET05531
in the finished product is inactive. Where the electrode is beneath the
substrate 40 the substrate 40 itself is an electrical component in the
system. Concentration of the arsenic precipitates (or other nodes acting
as Schottky barriers) within the carrier confining layers 34a, 34b is
[oosgetermined by grauwitky praaefities:iahsuppostsitghate solutioraekthepiiexicesed,
.and sufficient t ing.ti f ‘ rons e' I :.Ih
L A S R T e
epitaapyiesft ihererm Al HrSeRiBRr RETAECANCRS PRt AR R et (With
varic®, PReAssRtey htaa: entibightabgasptioncossficiante Thaepmolathe carrier

ancentratiqn of,indium or.al minurq,mt t, |la ert'30i a%mg% El?z?‘t i
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according to embodiments of the invention. . At.the f Gi .
T A N

bengathi fommaibssraitattth fivesuhis Verdhstisth feratlec BV FRAMEEHBWRF ap/stem-
Conthauiawar poeionatbigpedpithessuistinte 4ds cerys avafehfndy barriers)
wietiTIGD QL laYe1s: o VAN .4, A2, OION HR IR LN G R ERANS support
wo temperatures, high"and low, which in an embodiment represent .
highpseoBgtP el iBedTiahandoy Bor HeFreRE R Imes JRE R FifR S gmd holes o -
The HAVKRG:SAEhHAYRIHHependaOn e Jaysaihiekneas degitet, ahdr-iging dny of
Indisbyintended to e prepotienal in fhe, lime,24is. 29531 J AORRBMIE 1Bave
ralsgof to e?ug}her temperature in region 50 to grow the lower electrode
very3 gl absayieiiast gty v cthe Mok ArysETBitH GR AL L P RBIHpY™ tn that
layenaterialgigrown forthe prasenre ofaivapdribantaiatngtt @BR 28 with which it
fundES selcti(\;/grllxél:[ttloetgp%%ifjg:l:lt(,;L,oncentration of the dopant, such as Si or Be,

Within the vapor is se ected so that the lower electrode 38 is electrically
conductive. The second barrier layer 36b may be AlGaAs or AlAs, grown
[oosi#} region 52 at theihigheriemparatuenndtisilsndopatrsmiifatthengedboidncies
that2(1)i Wt 32 083?%% ?n%%%lggq %%%%%/ 99 §§$’b¥d§?@{be&l%%ﬁr§@%§%f the inventiion.

e rlcalfi/ insulating. Note that the arrangement of the electrode and

At tharier HyErTh dyebe BT AFRSHRISHs kg AT R iflaiRfRirace to Figure
1 A, elgeodpmaaypthieto match the time versus temperature growth profile shown at the

lower portion of Figure 4. The substrate 40 is a GaAs wafer from which other layers of
Figure 4 are grown. The temperature axis shows two temperatures, high and low, which
in an embodiment represent 200-300 degrees C and 500-600 degress C, respectively.
Time for growing each layer depends on the layer thickness desired, and Figure 4 is not

intended to be proportional in the time axis.

EOGSB] Temperature is raised to the higher temperature in region 50 to grow
the lower electrode 38 as a layer of highly doped GaAs, AlGaAs or InGaAs, the latter two
materials grown in the presence of a vapor containing 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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beneath the substrate and as such the barrier layer, if present at all, is
between the electrode and the substrate. (00541 Once the second barrier
WwOlager B8R7is at or very near its desired thickness, temperatureGs/icsyeratnss31
at region 54 as shown and the second carrier confining layer 34b is
grown for example in one embodiment by Molecular Beam Epitaxy (MBE).
. As detailed above, upon annealing arsenic precipitates out from this layer
grown at a lower growth temperature to form a layer of LTG-GaAs. Upon
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elecG0RbROHRYRIL34RLS being annealed as described above, and the arsenic
precipitates form into spherical nodes that are nearly uniformly distributed
throughout the volume of the second carrier confining layer 34b. Growth
[0056F the undoped pherBcbAdFEHNG RAFEFREYSNHHUES fte? tHEyaRpaltsfdesired
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em erat re is a dri%P aBthgtlﬁ)n 58 to row the flr carrler

for the con carrle on 1 tem er ure 18 1on S TOW
COI‘] Ining ayer a wni on anneallng ecomes Eaf‘ Cfaﬁé Slmlf 5’,

the ﬁ@%@éﬁﬁkb"é&%ﬂ@ﬁ%ﬁﬁmn@’h&?eﬂ”%%“&é@%@iﬁétﬂ’tal%@‘%@cﬁéﬁ]b?é’tf‘dté?e i being

growgall (@isedat ragieASetagrawsthe tikst biaHier dayeriva, amésah 8l Ofarrier

contins j uch thatihe first barrie %'aéfc?éséé eéa%'$ Glrcally neule atm%re Bfhtes form
ralsg mperature region 6 anneals the II’ST carrier contini cié{)

mtosep&eree»mmgm&wmﬁ@%bbrrmfﬂﬁ@m BE%Méh@Mé&%Y?émmof the
secdhd t&g{@ﬁ/\/cﬂ}&ihg{@,t le@clgng Iayaroaﬁﬂumﬂdmﬂme;&meﬁﬁmmfﬁmmgsaayer 32
conii nr?ueedse fgrttlntes aPS ’the Aggrifd\@ Ibler c!cgl dﬁﬁ,&“?ﬁg 1@‘%8}41 ]éafé 48 Purther
e appreciate "from 1 e above, each layer throtigh at_least the first
timey T | By e POBATRY B8 giftswiPidiieR 81%%@6%?&&?@8% proceEseremplary
emadsmrrmmstfate;él%whamaqtara&seaﬁbmygrth’&m@ﬁenﬂﬁs&wﬁmtﬁg}r@my@b
does XO\{a%nge et;tnqln arameters within that continuous process, such as
vapor compgsltl n, anof) teﬁ]perature but the process is unitary and
continuous, so therefore highly efficient from a 21

[O055] As the photoconducting layer 32 reaches its desired thickness, the
temperature is again dropped at region 58 to grow the first carrier confining layer 34a
which upon annealing becomes LTG-GaAs, similar to the second carrier confining layer
4b described above. Temperature is again raised at region 60 o grow the first barrier
layer 36a as AlGaAs or AlAs such that the first barrier layer 36a is electrically insulating.
That raised temperature at region 60 anneals the first carrier confining layer 34a.
Compaosition 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
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WO 2007/103274 PCT/US2007/005531 manufacturing perspective. This

IS seen as a distinct advantage over the prior art, especially prior art
waeanradaressed light valves which require the very limiting copstraistothatsss:

the substrate be transmissive. Light valves made by the process detailed

above are characterized in that the various layers formed from the same

GaAs (or other substrate) epitaxy exhibit a lattice structure that is not

discontinuous among the adjacent layers. For example, while a GaAs
manh@fmﬂﬁngqﬁﬁf%&b:y@r 32.[‘Hi§)ﬁéj.i§&ﬁi?@Q'Qﬁﬂﬁlétsgmwﬁgg%%za?hﬁ prior art,

-GaAs carrier confining layer, .the lattice structures of these
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ePUGfi ARy PTTRSE g aitesialy g ik, lisingt ithcaigbvie anttibeldaftivathe distinct

iaﬁﬁﬁam@;wmﬁﬁ@&gf}gﬁeﬁ%rdﬁﬁ‘ézrﬁ@ﬁ%ﬂ?,_nﬁ%@ m[g%f&%iﬁﬁﬁlgas in the
n S putside the,wayelength-defined _notch. As such, the

o paqs? B\%?léé tﬁﬁ)%%ﬂlthg %Bﬁﬁa%/%?%él r%q’g)f Be?i BT TRBETH Bph Mgy structure

mayobef VR Bty RETI040 1 e iéebtietkiteslayrs &Mbodistienteianing

laydighbefiginehbubaiuses aapnpestisagniofamanticaly addressed spatial
light modulator OASLM 20 such as that of Figure JA or the alternative -
embodiments detailed above. This particular embodiment uses a single
- [0058IASLM 20 that prBed2BEskisipRS|igHyikeesidstors' batd s distinetH Rilter,

pashﬁgdﬁhﬁ)}i ghﬁ%&ﬁg&&?&:&ﬂ_iﬁh r@?&@fﬁfﬁé@éﬁﬁs iQLLeer _ Ar§9édg C&0 ﬂﬁ%tanﬁaﬂy
ressing light in.a sin and that Is focused at an . .
o Sl I PIST SRR AR 70 Aok
layshdhibiHsdria Pegk Zpetifisplnthesdinertietmhsptitsideahsentie length-defined
notdddiessictq tighpde bend-poladrad:(oaR PRy @@Qﬁ?%@#&ﬁ@ﬁ%ﬁ%&%%& and

Iowg?%a%@%‘?gﬁﬁi%é%‘s 68. In another embodiment, the source 66 itself
provides polarizéd addressing light. [00581 The addressing light then

passes into a broadband polarizing
{0057] Figure 5 illustrates one embodiment of a light engine 64 that uses an

embodiment of an optically addressed spatial light modulator OASLM 20 such as that of
Figure 1A or the alternative embodiments detailed above. This particular embodiment
uses a single OASLM 20 that processes visible light in three ‘colors’, where a distinct IR
band of light addresses all three colors of visible light. A source 66 first provides
addressing light in a single IR band that is focused at an addressing lens 68 and is reflected
by a furst dichroic mirror 70 to reach the broadband PBS 72. In an embodiment, the optics
cause the addressing light to be S-polarized (or P-polarized) once it passes through the
- addressing lens 68. In another embodiment, the source 66 iiself 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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beamsplitter PBS cube 72 (or other shaped PBS component). Broadband
PBS cubes are .22 commercially available from the OptoSigm.a
Corporation of Santa Ana, California, and various other manufacturers.
The IR band addressing light is then reflected by the PBS 74 toward a

com.rf{&mafﬁgeaaa%?aafet%fa&ﬁé—M;%Qs@ﬁlg%%45&9@%%@%&99&%&?@91&9%&% and

converted to an image in layer 26 upon application of a variable applied

varioBfeRHIR! fefd i ureverdds Bidradordibesrins tivhh ia duptueBasnd bletineBBS 74
towaky hgdirstaarmen confiping Aayay; 34a. [@9%81&8@%‘9\%,'%@‘ﬁ&ﬂ?&%&eﬁaﬁemgm is

raréae is emitted from the source 67 (or from the same source as't

ConVERRIrdSsIAGaRT SHILE) upRnetPRIbITfaNY O FRIiel S appieedeclacipisld that
reverddditQ igHL ROCAMPASSING ANG ROHre VIS IBle; SR GHUM: Ahe Egﬁ‘gepggﬁi%ning layer

passes through optics and is polarized and then'passes through the first
342. dichroic mirror 70, and into the PBS cube 72 to be reflected by the PBS

74 toward the front face 22a of the OASLM 20. In the OASLM 20, the

read light passes to the birefringent layer 26 where it is modulated, and is
[005Yeflected by the s 1agltr 128"(1§nﬂ%5?%é\%¥% iy amétigghfproclingorsper6? (or

from 302 LARRSS QUL ke FARIMLatIDRTB0LIaCeA28: LRS MAdURE Fipure 5,

read light then passes back into the PBS cube 72, through the polarizer
the read Lightiisonhiicelightotnenawaseipsrihe vigefitisislysrersnvhidhalses! light

passddqhRASH hrauohiine polarizes ZddsHsiissied OV R RRHRE B ror 70,
Note that on the first pass toward the OASLM 20, the read light is

and iptpdhfeRBY WD IIat & Tallsstgshky dhamiBagh itemandeae Somy Breerétaraf the
0ASPas2 after diecDABMILA0 HENiS:i$ asauatdays ko ahewRin FHoUredAnere it

changes the polarization state of the read light passing therethrough. The

is modplafed. ifndoinFRilerrdcay §as R ignet s p4aad iepensiatdryyhe hight blocking
layerSRPOROASSSuT BE Melarization of hiarearhlightnothe firgt RasHMRAY P& tight

set by the optics, Orgél a separate polarizing filter (e.g., component 46 of

then passebaek e B6I6PRIERTEnibrousd the Rlisissichu htieriahansy of three
separfi@Rdhe RSN, 20; whichitheaRassrstough a3 ariesMhRraletliN e flected

lenses 78 which throw the image onto a screen, such as a glass surface

back doward,hsrsputtiok rviteis hal (arihnrom paseeerard the Tyt leMgRil fhe read
light PaFeAta&IARGRIGRePHRICTIOH I ARRSIHRLIBEHUS aRe IERSIC Rral8eliPNpass

screen, Figure 5 is seen as a lower cost embodiment as compared to
after fig, [ B sitbe dfoRe REBIBRIATE RS ShiFrIgtre ™ fisisca bihphanges the
polar2AaMi40.dOREALKigwE: G isiskaies-anapRoditeemabailighisngingBluses
the 1@1‘%3 %%gs the polarizer 74 on the second pass. The polarization of the read light on
the first pass may be set by the optics, or by a separate polarizing filter (e.g., component
46 of Figure 1A). The color filters 76 manage the visible read light emanating from the
OASLM 20, which then passes through a series of projection lenses 78 which throw the
image onto a screen, such as a glass surface of a rear projection TV or a wall (or unrolled
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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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
WOlglat46erte 66, addressing lens 68, first dichroic mirror 70, PBETCEIO 75531

and second polarizes 74 are similar in 23 WO 2007/103274

PCT/US2007/005531 principal to those same components described with

respect to Figure 5, except that in Figure 6, the addressing light is shown

in three distinct IR bands. These IR addressing light bands may emanate

prindiBM é; SIE SAHECEAHORHAHEBUHRIE SQUcesH <3S IHaEgUR sa,dar@@ﬂ MBat in

light bands are divide the dichrajc x-cube 82 f which
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and rather than a sin OASL 20, one colgr SLM 20-R,
addisgspg 15pS 9T RISELE: ge} S5 %@ Vg c%u ot ﬁ%e?égn%g%ng ‘sides of the

dichroic x-cube not adjacent to the PBS 72. Within the x-cube 82 are first
[ooe@f‘f? SSCOHd Cr05§ﬂ&h{1@@yﬂti£§0?%n§ékﬁiﬁd tf%&%[@sédibﬁsﬂﬂﬁlﬁd'hﬂ" F;gug 5, the
reflectanc ass characterigtics of the firs second,, cr
: SRR 1,
emGRGEE e E }P uSSRRE e HF w%l cro%tscach I’%?C Mirror 84 fggsses RR.

. OASHNESs iy g HteotSpolsingkion. TeNbals IRBAIRIERETHEFIIGASHM 20-R, 20-G,

20-B- %Olﬁﬁg@tégna(ﬁg%r@at%sbi@&l?ﬁ‘afc?ﬁg (Eiﬁli?ﬂﬂﬂé@ik?&f bptiéS ditkkdc x-cube not
polarization but.r ts blue read (vi t of either ; o

adjagERb Y RFos ggdlc rgf%ainlfﬁéﬁr égss%% %Egg% r%déglng 1?8[,]%&2@}&?@0 € Rforors

g4 ﬁ*qbéﬁrmmmmveﬂecfgﬂﬂﬁfmmm@ IRg6E ehgq@&ﬂaﬁtz%maﬁ nBrferasbgecond

croferead fiishlerdighs akbetiusmndiR Fatarizativaittoiefinrtsred Eﬁﬁ.d‘:s IRg

(visible) light of either olarlzatl n. |rst.an ati
s A B oD, OO S AR i, an

pas@spokarizationséne) pis gfééﬁlr‘éﬂ‘(ﬁsﬂﬂ@f‘ﬁ@ﬁ%ﬁ”ﬁéfﬁf%%ﬁBlP’e read (Vlsﬂﬂe)
1;gH?QJ§@ﬁﬁ£lP S1RE AR S@ﬁ@%@i&u&m&ﬁaﬁﬂa&tmm&rml@ﬂrﬂ@fssmcr

R e R A e
(visatbirithe vBbotls $glﬂdvﬁlvebaggaﬁ°f2©l’@feﬂﬁ‘éf92@% tead (visible) light of either
polarization. Both the first and second cross-dichroic mirrors 84, 86 also pass IRg
addressing light of S-polarization and pass green read (visible) light of both § and P
polarizations. Of course, the above assumes that the imitial polarization of light into the
PBS 72 is S-polarized; the polarizations above are reversed if the initial polarization is P
with the read light switched to S-polarization within the various light valves 20-R, 20-G,
and 20-B.

f0062] The end result is shown in Figure 6 addressing light of the IRx
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 IR range, including visible light,
IR and IRs. When read light in the visible red band and of a first polarization {e.g., 5)

passes through the x-cube 82, it is reflected from the second dichroic mirror 86 and passes
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[0062] The end result is shown in Figure 6: addressing light of the IRK

band is essentially passed only to the OASLM 20-R that is sensitive to
wo(toosthsay4hat band of addressing light. The DBR layer 28 apd#igBtoo7/005531

blocking layer 30 of that particular OASLM 20-R are designed to block

light outside the IRR range, including visible light, IRo and IRS. When

read light in the visible red band and of a first polarization (e.g., S) passes

through the x-cube 82, it is reflected from the second dichroic minor 86

thro dtm%&%ilgﬁry}é%&y £403%AeP fnd AdS20R 400NN thraugintiedistight,
ichroic mirror 84 to enter the red- tllmed OASLM 20 R. That reac?n,lgal'htm Late
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to sehetaplyqpeaEdritBeh digbud endbdrmopssrtizsa volthandeteed ghtyine and

out $PBR3RIOURe 4 38 illustration of a particularly advantageous light engine
88 using three color-distinct light valves 20-R, 20-G, 20-B about two

different PBS cubes 72', 72" and an integrating PBS cube 90. The
os@mbodiment of Fiége 7 ieprédieritation efcapazineobapyaatcptigh engine

8548 IRGeEUNONLLIREMESE \aRley ki) JechnetogyateitSindatiteeiaPBstubes
ressed OASLMs 2 20- G 0B.gaccarding.to e iment [

72, O R LU CREL R, T e o R A e e e 78 fasents an

adargitifardd 2herser désmlb@él onigineferameenty HEUPE 50%6@35%@%%’ or

smnuarthae@%b@@@&@a&ar@mmﬂ@lmmamawmmﬂgwmsmees 66this

hat b ith,67 h t b I th
e B 2 SRR R AL PRSI o

€ read Ilgﬁt emanates
desdiribad avéingeffar souicE igninbltiPReaddredneg Vet etbiembid psta Azipgptes from

a sn( {Q58 sBIRYNS %W@QQ&@Q goeinistiasack Qﬁﬂﬁ@"sﬁﬂﬂﬁﬂ&)’&ﬁﬁﬂh&} thet may
R is polarize ently than the IR0 and I addres In th

be Q)"%é W"?f-?lg’ g Sikrid Sﬁ“?m?‘ TR R Sre 6 c L{QTarlze up et
ematmseﬁ:m\/@m}gqmawb@ raiiyjiiplgesgurges 67. One or more polanzmg f‘ lters
may be disposed along the illustrated optical pathways so that the IRg is polarized
differently than the IRg and IRy addressing light. In this description, IRx is P-polarized
and IRg and IRp are each S-polarized, but those conventions may be readily reversed.
Alternatively but not specifically illustrated, the different wavelength bands of addressing
light entering from the left of Figure 7 may all exhibit the same polarization state, and a
dichroic filter may be disposed in front of the polarizer 96 to enable this or the Colorlink®
filters can be modified accordingly. In other embodiments, there need be no polarization
of the different addressing light streams. A hot mirror 92 directs all IR and 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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Alternatively but not specifically illustrated, the different wavelength bands

of addressing light entering from the left of Figure 7 may all exhibit the
WOsETe {atarization state, and a dichroic filter may be disposeeinviismotobossst

the polarizer 96 to enable this or the Colorlink(r) filters can be modified

accordingly. In other embodiments, there need be no polarization of the

different addressing light streams. A hot mirror 92 directs all IR and visible

light within the bands of interest to a blue-transmitting dichroic mirror 94.
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POl TN SO H S5 S e S ot VP e TR e
bludigticineth@R&IHE anddntandle presastacPSfivaibptial Féarledy, Whefdressing

nghPQﬁLO'aﬁdﬂﬁM%b@oﬁ%@géamwgoB- ﬂ%ﬁéz%ﬁ&r? wﬁ?imame%ggm ngsBecﬂﬁﬁiy) is
passes out of the -B, through the blue-priente LPBS 2" an -
e TG Al B 08 By ot Sty G 10, e
orielfRitl OB SEONdiNGiT VitIMEPBR IR antheelR readirghingekplicaoesy A IRv/IRs
orictRlleater - femither bivadrans mitiag. dighrofo auie Rl AdaRaRRS IDISAM 20-
red and green- oriented PBS 72". Within that PBS 72", the |IRR addressi
R. Ié%%e‘g‘ AR cregriréin edpaféﬁ?o{?be MITor 1 t}%fwf) ot the. %Ié%iz&gﬁ (?f‘9 for
IRz 06 emhgstdesPandldtizatise ORSLP20AILREAR RgietaAstHRIyRIBhS fRHSTM 20-
R, ar@emeré%lﬁe‘é%ﬂ? %5@;}%%@1&&9@%@&5&&%&99@ fionatR BeihelRanygdPBS
to P-palarizatign within t LM, 20-R to pass out 1f he OASL - R
o D1 Aol by N G 15 enioR A P T o g
red/grgr ating RBEcobegoonshimrdrtssmePEsTrd P TRY 2ddresEry et
in tHONIS kefiected fpmdhes rdigreepkieniethaishsigsntinedorand, dntéemged

a green-tuned QASLM 20- light in the visible gr,
o D R O Do S e 4 N SASSTNIPIIIR PP Bcs

escr a, Is changed
threRghotee esifemanithinndsd Orseivmioe 96 agadthedripsinstRE sy 20-
and passes through the red/green-oriented dichroic mirror 96 toward the

integrating PBS cube 90. [00651 At this point, all thre ;th ({eégéjgmd bl
[0%8lors, red, greerfkl ért?(’f r‘[)ﬁ?el'? t’aar@]ff)‘rrggé’rﬁ@ﬁtﬁ%‘%‘g%fje%é%ast’lﬁ% PBS 90. He
are Blaesie eifciodes fiowethdnn RFathg Bipsigeeflected from the intsgrating PBS 99

while red and green pass through it, and all three colors as modulated by the separate light
valves 20-R, 20-G and 20-B pass through the projection lens 78 together for a multi-color
image projection. Advantages over prior-art Colorlink® technology light engines are as

follows.

{0066] For LED iHuminated read light, power and therefore heat are greatly
reduced in the embodiment of Figure 7. Whereas prior art Colorlink® technology uses
typically an arc lamp as shown in the block encircled 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 liquid 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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while red and green pass through it, and all three colors as modulated by
the separate light valves 20-R, 20-G and 20-B pass through the
projection lens 7S together for a multi-color image projection. Advantages
over prior-art Colorlinkm technology light engines are as follows. [00661

not préehER HUBYNABLIRALIGRL pOWE NGNS UeB A S8 A Meration has

reduced in the embodiment of Figure 7. Whereas prior art Colorlink @ _
becopat IiHBlolyF DRSSt EHIRF HnPAPLeRIM P eedplowy: thatheoBrseResh Giielebiasy given

averdBe slashedding (and its asspeirtedqvasnhighSneray l;:ﬁ‘@ﬁ%t%g BRlding rear-
_generation). The embodiment of Figure 7 may use an IR "laser diode, L
projegfigirigleabifes along with a micro-electrical mechanical system (MEMS),
or even a Ferro-electric liquid crystal (FLC) device or nematic liquid crystal
(NIL) device as the addressing light source 66 that operates on a scale of

[00673hout 50 microweitsbelstodr G iERERPST the GRSPNPROUTHIgposes great
diffigigressing-ight:peogificationisn2@ 1ot MeSest ir&CoSIMBIeeMAtAS. The

of the Colorlink(r) technolo%Heat generation has become such a

embadipcath ff Eigrart Srofidrde cimoIBEs e dheursedsiarer otedaTgivetiignment
regin@eragebullirag:imorear fe.camRnats andiepnitast AiffarentojegiSng light

including rear- projection televisions. [0067] Second, Colorlink(r) = i
Sourde HAGIGEy SR ePhIOr e BB es Y HeB @litheultyiRUSiGRIAGIPRS gelmages is
mereHliftErBREGOIIT dRAASHPIRE 19 HAERIABHANISRS. TN EMBRAIRRALSS and the

. Figures 6 and 7 do not suffer from the need for a separate alignment _
projerdioiniERso e Biffereriahges Hd dagsesth iy aldehveHmvithdemne what is

sensiBROFQSBHKLHORT SO UFE QI RgHRXAGt pixel alignment. Aligning the
various color-specific images is merely a matter of equalizing the different

optical paths between the source 66 and the projection lens 78, a fairly

[oossptraightforvgard RroRessoy whickasauwacigsheyond Whabissansiie Bih the

the human eye are readily achieved. [0068] Figure 8 illustrates another

OASEMicmamentotragielirbaor dsdetsrecORS SR ABHfelagp or LED

outpileseribagiabevewd fight spuiiersi02EUCIIaRAN AReIAMBRN IS RnQUPYE! at a
tQ a series Ofﬁsﬁvt\ﬁlo fly's ege lenses 104, 106 and a relay lens 108 and is

dichrgyg;splitier erhishrasittletot Womisicefareriorridtag bardad shrapitspectively
as R, hanrdg (shov iespeetivalyhasR binandiBle HagRathwayof the. e dand green

will be detailed; those of the blue and green bands are similar in concept.

bandsrifg RUANR fighiR retieted BAPd el ot terig i dRgoT tuming mirrors or

turning dichroics 112, 114 through another relay lens 116 and through a polarizer 118
disposed for convenience at a 45 degree angle to the optical pathway. By example, the
polarizer 118 may be known as a wired grid polarizer (e.g., available from Moxtek®), a
thin film polarizer (e.g., available from MecNeil®), or a polarizing beam splitter (e.g., such
as a Viquti® splitter available from 3M®). The red band passes through straight through
the polarizer 118 and into the OASLM 20 light valve such as those detailed at Figures 1A-
C. Output light from that OASLM 20 reflects from the polarizer 118 toward one input
side 120a of an X-cube 122, preferably through a clean-up polarizer 124, Green and biue
bands follow similar pathways, with similar components for those pathways labeled in
Figure 8 with a prime for blue and double prime for green (with the exception of the
turning mirrors 1127, 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
120c 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.
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turning dichroics 112, 114 through another relay lens 116 and through a

polarizer 118 disposed for convenience at a 45 degree angle to the
woopiicabpathway. By example, the polarizer 118 may be knovegrasigwiradsss1

grid polarizer (e.g., available from Moxtek(r)), a thin film polarizer (e.g.,

available from McNeil(r)), or a polarizing beam splitter (e.g., such as a

Viquiti(r) splitter available from 3M(r)). The red band passes through

straight through the polarizer 118 and into the OASLM 20 light valve such

as those detailed at Figures 1A- C. Output light from that OASLM 20

reflects from the polarizer 118 toward one input side 120a of an X-cube
003%% preferati§ tﬁ#&§af?§ SRR BRI 10D A PERAEARY Bu T HERA @Bove as
writsl BehsinMav it highty soweith Kihiastompeneints:fopibasexgabwaytng infrared
wriRDige iR FigHER:A:Wihebrire, for.b! oukle. Rime Jor gy it
" the g(ﬁegtion of the tu,gnirflw mlgroggu%]%g%fq‘ "tb?o&%ﬂrg%ﬁﬁm%gg%g nt%%:t pa_sses
TRIED & RETHSERABERLT 2 BT RPN GRS RisiRn Y it b $os o rdarized
light-subet 128 armd! gréen ligliteergr sravdoiedoinpas sideodi2@e O Xghe output
frofPihe theatesloblR and QerrEbRRds &R Gaghined iR KRR R% M 110
ree%susslthé%ltjaqp ‘fn output side 120d into output or projection optics
P IraRdement 126. 27 WO 2007/103274 PCT/US2007/005531 [00691

Also in Figure 8 is shown apparatus for addressing optics, termed above

[oopg write light. A viigdight fauree d 30 Shwd 38 Jree.kr Pios@&H kats, it wil

be QUL uttitng)infrare . }yvrit.e‘li ht in a different band for.red, blue and green.
PR Aot SR TG Ps¥E 4N Aol RSS REMPERRSHAR? 47D WRgus changes
o hokarigesi®s roptionalJmbeediistbeievipotatizetedig baisondirissthwn and

desdRddatoit wiledahtanogulates 136 Madplatedwite. lights QHaB&Eoga)%} those
uIatorF]gCgG and redirected at the polarizer 134 toward the dichroit

.the mo
Sm{.];f’plitltrér 9 G rRSTER SRS ACTHE7D PRTRANGE dBRL e B iithE s tekithout
depstieg tfoomeutlensbertimedhspitinefl teciapparenttcdhasthskiied, iortheranhe scope
of thabasnmabriel mediicationsand r\é@(@Hﬁa@E@'&%ﬁs&ﬂ these Eﬁaﬁmﬂag‘sanother

1y hocc%.ﬁfl'hug, whjle the invention has been particularly shown an
Y %Iréscﬁbé R (ES5EF 0 o8y MBIP BHHSBARR HEs TREMBorPWilfselayers are
necgprgelstadindantiiogmeskilhebemn shizyet Heatgditarerioalificatiottsolayer does not

pre6hiaBgms Raydhe imadedherainwithadt.departing from the scope and spirit
of the invention as set forth above, or from the scope of the ensuing

claims. Where the claims recite a layer disposed "over' or "under' another
layer, that relation describes a relative disposition and is not to imply the
layers are
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necessarily adjacent to one another; a layer being disposed over another
layer does not preclude one or more intervening layers therebetween. 28
WO 2007/103274 PCT/US2007/005531 CLAIMS: WHAT IS CLAIMED IS:
wio Anyopiiead device comprising: a first electrode layer; an electricgdht7/005531
insulating first barrier layer disposed over the first electrode layer; a
photoconductive layer disposed over the first barrier layer; a carrier
confining layer disposed over the photoconducting layer, said carrier
confining layer defining a volume and comprising a plurality of carrier traps
alispessed throughout the volume; an electrically insulating second barrier

waygHgdisppsgdermakthe carrier confining layer; a light blocking layer
disposed over the second barrier layer for blocking light of a selected
Wave!%’ha?ﬁc@gﬁ%l‘f‘%\er‘é%%%yer disposed over the light blocking layer
for refiéesirieighdavithin the selected wavelength band; a birefringent or

dispessiviedayan fisnaaeshaves theicefllsehua JBYal IRt RSN de 1ayer:
transgﬂ %itvgoaﬁgoag ?Iecrtg)de Iaé{er diﬁ%o$ed over the birefringent or
disperﬁveﬁayer.f. The Bptical device of'c TSP IHRS comprising: a
voltage®piatcaealiidey s dirpdhet e e chatbalediatio layersaidndreer

coviitchiRyorelgising anlapglied etegirsdielcbimposeast by-taenmliageerceq
a0 RS AEIO9SI AR first and second electrode layers at a frequency X;
wherein }he carrier confining layer is characterized in that it traps a '
subsBhtigt MEIOHTBF Sarge e PABIE PaTsPRrpe trdisenairot afiaing
lapesmst 1/X. 3. The optical device of claim 2, wherein the carrier confining

layer dsigherRcleniz edeitifakiitiaps e M an & BEHesS 1O FSLIBMEOf &t of
SGQ&@MVQ ‘ggf%tggadst | /X' while a forward applied electric field is applied
S

across the first and second electrode layers, and
a reflective layer disposed over the light blocking layer for reflecting light within

the selected wavelength band;
a birefringent or dispersive layer disposed over the refiective layer; and
an optically transmissive second electrode layer disposed over the birefringent or

dispersive layer.

2. The optical device of claim 1, further comprising:

a voltage source coupled to the first and second electrode layers; and a switch for
reversing an applied electric field imposed by the voltage source across the first and
second electrode layers at & frequency X
wherein the carrier confining layer is characterized in that it traps & substantial majority of

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

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 eleciric field is applied across the first and second electrode layers.

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

opaque.
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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
weleotrode2ayer is substantially opaque. 29 WO 2007/1032 7 1/us2067/005531
PCT/US2007/005531 5. The optical device of claim 1, wherein the said
carrier confining layer is a first carrier confining layer, the optical device
further comprising a second carrier confining layer between the first
barrier layer and the photoconductive layer. 6. The optical device of claim
1, further comprising: at least one alignment layer disposed adjacent to

sihe biseliggent aLASRPIN 1AueLdy HiSARUGaLdere ol dam L, .,

wherein the photoconducting layer comprises gallium arse de and
C%%er‘i"egﬁﬁﬁll@' Ly/BF Eﬁ?ﬁi}r@é?%\f‘)ga%rt‘iﬂ‘fé”dfﬁﬁlhum arsenlde AiGaAs
or InGapewittraisericpiecipitatéstdispatsdirthieretaraygha thie optical
pRsuicsafglainkfowherein the carrier confining layer defines a thickness
such that the carrier confining layer is not optically active. 9. The optical
device of claim 1, wherein the reflective layer comprises a distributed
6Braggf FEfRtiEH! Afaise sl ianterfitifeg Supitiegs of materials having
differentindieestborafractien akpoEoegptisaldeicsr-ofelaim & upersia
reflective layer comprises 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
7layer.Tit. Tedpdedtdaficienh claimtericoibipatiorowdtiringolasee obmprises
gﬁﬂfﬁﬁﬂﬁ%s@ﬂﬁ@ﬁﬁi (93 i'zg'mamﬁﬂﬂ@a&%ﬂ%ﬂﬂﬁfsgﬁﬁ%gdﬁ@wmmamemdc

A?@E'ﬁ%' d? e,and.the source, sai Iarlzm ilter_physically spaced from
the opt?carlI aé}\\/“fcvé“t 5?3%?1%%8??&% BVIC ﬁggé{]'m llfr)lgsi’mbmatlon with a

light engine disposed between the optical device and a light source, such
8that réae apdeaddressing lighifromwhersaurce passeswalonge first QRlGS 2

apathway.traughtheghtsnging agd-ntpthe enlicaldeyice

9. The optical device of claim 1, wherein the reflective layer comprises a distributed
Bragg reflector made from alternating sub-layers of materials having different indices of

refraction.

10. The optical device of claim 9, wherein the reflective layer comprises 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

laver.

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

poiarizing 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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through the optically transmissive second electrode layer, and read light

passes out of the 30 WO 2007/103274 PCT/US2007/005531 optical

device through the optically transmissive second electrode layer and
wihrooginshst light engine along a second optical pathway. 12CThespptioasss1

device of claim 12, wherein the light engine comprises at least one

dichroic mirror disposed along the first and second optical pathways, and

the optical device rotates a polarization of the read light to change its

pathway through the light engine from the first to the second optical
opathivéeyiddtithelogticapteligerafsalaisivd 2mherair tdaestlpatesd through the

[%\é@,@glmog Rddsowibpithesasible spectrum, and further wherein the
addressing I|g t comprises infrared light and the read light comprlses

visible light. U. The optical device of claim | wherein the first barrier layer

1gompliseseinraiéeyiee. of it optidavderice G diain ¢fatheoconsssinpest one

awaiekdisipsadspetueenitier the firat @&cﬁaogﬁl@re,saandame drsthartiflcal

d@x@e SHEROSSADENE SR e Lot BTG BYELENE 8 DROREONdUE Sign:
The optical device of claim 1 fur her compri

eﬂ%‘b%ggﬂ‘ Ef&’t\ﬁ@éF?ﬁlfé THRIEREFI Ryt and the flrst barrler layer, and

further comprising at least one of a third barrier layer and a dielectric

layer gispgsed ketveer éﬂ%wﬁ%ﬁé}glmﬁ gétz&lgpgggﬁej@é{ﬁrba@ s’A\’vath:n the
hod f%r maklg%uamult -la er%d 1E)lcal dEﬁICE comprising: providing a

fo'rsgecsc? tetve 1ayer: gfé”v@f’ng L BafrRsSsRe Rre Eﬁ%ﬁ/g’f@{féirjfﬁ]étﬁ&the

TEShe feeppEs WeRledsiderature less than about 425 degrees C;
disposing an electrically insulating layer over the GaAs layer; disposing a

1photogpnduetingJaver pyﬁfnnhwg%m@é'm%%mgab el d'SPQS'“ ??er

light blocking layer over the photoconducting layer that oc s
selected wavelength band; disposing a reflective layer over the Ilght
1Blockifits logsaindviedletddight 6frther selectadavavelendiipbardietween either

twm@smgc@cl%a@@@g ent laven.Qf endisPersivedayenover theseflestive la¥elier

layer andl the photoconductive layer.

17, The optical device of claim 1 further comprising a wafer disposed between the first
electrode layer and the first barrier layer, and further comprising at least one of a third

barrier layer and a dielectric layer disposed between the wafer and the first electrode layer,

18. A method for making a multi-layered optical device comprising:

providing a first conductive layer;

growing a gallium arsenide GaAs layer over the first conductive layer at a
temperature less than about 425 degrees C;

disposing an slectrically insulating layer over the GaAs layer;

disposing a photocoinducﬁng layer over the electrically insulating layer;

disposing a light blocking layer over the photoconducting layer thét 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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WO 2007/103274 PCT/US2007/005531 disposing an optically

transmissive second conductive layer over the birefringent or dispersive

layer. 19. The method of claim 18, further comprising: coupling the first
woomduetdzedayer to the optically transmissive second condugtiveudayersossst

through an electrical switch that is operable to reverse an electric field

applied across the conductive layers. 20. The method of claim 18,

wherein growing the GaAs layer comprises growing it to a thickness

between about 5 and 20 rim. 21. The method of claim 18, wherein growing

the GimedEyerrcopfipribe Sgrowmydt atoadempriatusedyetweaniad b fringent
0206300 ¢lngeees C. 22. The method of claim 18, wherein growing the

GaAs layer further comprises annealing the GaAs layer at a temperature

higher between about 500-700 degrees C. 23. The method of claim 22,
}%vherérﬁ‘?&Pﬁ%%iﬁ%“iﬁ‘é‘é%ﬁ%%%&ﬂﬁﬁﬂéés annealing for no longer than

aboutdwpginty thei furse so@dhictihe layetho chefopladmisl S=ndareive the Saadbsnductive
lalAYeRE0mRLSaS Aldaastinaat AIGaRAEIOL NGRAS, 23 Jhe ﬁéﬁ}gﬁﬁ‘gg across

thglg\(i)rrpdgé,vvg?erein the GaAs layer is graded across a thickness ension
ih cONCentration of the Al or As. 26. The method of claim 18, wherein the

photoconducting layer comprises GaAs that varies across its thickness
2hetwees ineialar Eastiorns ok AdrandHbw &b b %Q)%tmgrclfo‘ﬁk@@e}%mwing it to

 Wherein E@%@QE@SQ{‘Q% igg Ila er 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
2lappligteanrdssiin 32 MO 200D 4 IRECTHAIS200/00853bridfd. gfb\ing it at
a RathRes.ef claim. 1 8ryheminjhaselected wavelength band is visible light
and the reflective layer passes infrared light. 30. The method of claim 29,
wherein the reflective layer comprises a band pass notch filter.
22, The method of claim 18, wherein growing the GaAs layer further comprises

annealing the GaAs layer at a temperature higher between about 500-700 degraes C.

23. The method of claim 22, wherein annealing the GaAs layer comprises annealing

for no longer than about twenty minutes.

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 CGahs 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

betwesn 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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31. The method of claim 29, wherein the reflective layer comprises
alternating layers of arsenide and/or oxide compounds. 33

WO 2007/103274 PCTAUS207/005531

29. The method of claim 18, wherein the selected wavelength band is visible Hght and
the reflective layer passes infrared light.

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.
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