DEVI CE AND METHOD TO REALI ZE A LI GHT PROCESSOR BACKGROUND OF THE | NVENTI ON
[ 0001] The present invention relates to |ight processors and nore
specifically to 5 digital |ight processors that elimnate the need for

m cro-mrror devices, [0002] Space |ight nodul ators are transducers that
nodul ate incident light in a spatial pattern corresponding to an electri cal
or optical input. The incident [ight may be nodulated in its phase,
intensity, padEVHEE AND METHOD PO REALAZE A BIGHTIPROCESSOR be
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for reliable perfornmance, since it is the nost frequent cause of device
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mount i ng folResdBYiCLExed dkid 0 aliselBshf @9BScontrollably deflected by the rotation. Thus, in
some applications, an array of such micro-mirrors can be positioned so that the individual

mirrors making up pixels are selectively rotated to create patterns for various purposes.

20  [0004] FIG. 1 shows two DLP cells with mirrors 100 and 102 on the top surface of
each cell. Each mirror is attached to an underlying yoke that rotates on a torsion hinge, until
the landing tips of the yoke contact the underlying landing pad sites. The micro-mirrors are
tilted to reflect light onto and away from the projection screen, as desired. The tilting of the

hinged mirrors as shown may be achieved by electro-static actuation.

25  [0005] However, one problem with conventional DLP devices is the problem of stuck
mirrors, where the landing tips are slow to lift from the pads or become permanently stuck to
the pads. This ‘sticking problem’ is an important consideration for reliable performance,
since it is the most frequent cause of device failure. Sources of the sticking problem may
include moisture in the package, scrubbing of landing tips onto the metal landing pads, and

30  outgassing of the epoxy sealants used in the manufacturing process for mounting the devices

in their packages.



[ 0006] Solutions to the sticking problem have included applying |ubrication
or a passivation layer to the netal surfaces, using resonant reset nethods
to punp energy into the pixel elenment to help free it fromthe surface, and
addi ng getteri ng material to absorb noisture within the package. Mre
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and other problems. In particular, there is a need for a DLP device that eliminates problems
such as stuck mirrors and the pixel effect, while minimizing processing complexity and

fabrication steps.

20
BRIEF SUMMARY OF THE INVENTION
[0009] The present invention provides a fluid or gel-based light processing system
that overcomes the above problems. In particular, the present invention provides methods
and systems for digital light processing for TVs, projectors, and other displays that eliminates

25  the use of mechanical micro-mirrors.

[0010] According to one embodiment of the invention, a device for light processing

includes a first housing having a reflective bottom surface and walls defining a first cavity. A

first fluid or gel has a meniscus disposed within the first cavity. A control means is coupled

with the first fluid or gel for adjusting the curvature of the meniscus. The bottom surface is
30  configured to reflect an incident light beam through the first fluid or gel and toward the

meniscus.



2 [0011] In one aspect, adjusting the curvature to above a critical
curvature causes the neniscus of the first fluid or gel to deflect the
reflected incident light to the bottomsurface or the side walls of the
cavity. [0012] In another aspect, adjusting the curvature to below a
critical curvature allows 5 the reflected incident light to refract onto a
surface d00kl]de of Ihlvae kspest, adiusfifidths cuiatne B abgve o catictlvervaturb ogliseethe of
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adj usting the curvature of the neniscus di sposed within each cavity, wherein
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aspect, the curvature of the meniscus is adjusted so that light refracting
out of thfélt%é?/?‘{r C®ccurs when the curvature remains below a critical
curvature. [0018] In another aspect, the curvature of the neniscus is

adj ust ed [#014)hat | ilghine astect, dlot plogplitynofocavities coprovided by pomuskiicon.he curvat ure
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meni scus di sposed within the cavity. An incident |ight beamis focused to
t he bot t dight includes providing a fluid or gel within a housing that includes a bottom surface and a

cavity, wherein the fluid or gel forms a meniscus disposed within the cavity. An incident

light beam is focused to the bottom surface of the cavity, wherein the light beam reflects from

the bottom surface to the meniscus. The curvature of the meniscus is adjusted so that the

20  light refracts out of the cavity or reflects into the cavity.

[0017] In one aspect, the curvature of the meniscus is adjusted so that light refracting

out of the cavity occurs when the curvature remains below a critical curvature.

[0018] In another aspect, the curvature of the meniscus is adjusted so that light
deflecting into the cavity occurs when the curvature exceeds a critical curvature, wherein the
25 incident light beam forms an incident angle that is larger than a critical angle for total internal

reflection.

[0019] According to another embodiment of the invention, a method of manipulating
light in a light processor without movable mirrors includes providing a fluid or gel within a
housing that includes a reflective bottom surface and a cavity, wherein the fluid or gel forms

30  ameniscus disposed within the cavity. An incident light beam is focused to the bottom



3 surface of the cavity. The curvature of the neniscus is adjusted to

mani pul ate the reflection of incident |ight. [0020] In one aspect,

adj usting includes adjusting the curvature of the neniscus to renain bel ow
a critical curvature so that a pixel of light turns on. 5 [0021] In another
aspect, adjusting includes adjusting the curvature of the neniscus to
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15 [0025] In another aspect, the curvature of the meniscus is adjusted by changing a
contact angle formed by the electro-active or conductive material with the dielectric material

on the walls of the cavity.

[0026] According to another embodiment of the invention, a light processor uses total

internal reflection of light to control transmission, refraction or reflection of light.

20 [0027] According to another embodiment of the invention, a light processor uses total
internal reflection and/or refraction and/or reflection of light to control the transmission,

refraction or reflection of light in a device.

[0028] Reference to the remaining portions of the specification, including the
drawings and claims, will realize other features and advantages of the present invention.

25  Further features and advantages of the present invention, as well as the structure and
operation of various embodiments of the present invention, are described in detail below with
respect to the accompanying drawings. In the drawings, like reference numbers indicate

identical or functionally similar elements.



[0029] FIG | A shows two DLP cells with the left pixel turned on and the
right pixel turned off. 5 [0030] FIG 1 B shows two DLP cells with the |eft
pi xel turned off and the right pixel turned on. [0031] FIG 2 shows a cross
section of a liquid or gel-based DLP device according to an enbodi nent of
the invention. [0032] FIG 3 shows a sinplified cross section of a liquid or
gel -based DLP with a 10 light beam projected onto a screen with the liquid

or gel -based pixel in the "aon" i i n enbodi ment of the
invention. [0033] FIG 4%&g@W§H%E%%§%W9 nof aliquid or

gel - basedoptg] Wi t h BG. 1 ASAbwE eR6DIM cell§ With tRé Rifsik@duiR8d On angd eHea®sht pixeh t he
liquid or gel-based pixel in the "off' position, according to an enbodi nent
of the irusedioffn. 15 [0034] FIG 5 shows an array of micro cavities to be
used for fabrication of liquid or gel-based DLP pixel array according to an
enbodisrenpo3d] t he iFIGENBishbws hWOBBIP dellGwihAhs RPvixél thindd off /a0 tﬂ@ﬁ%:thgmd DLP
pi xel setup according to an enbodi nent of the invention. [0036] FI 6B
shows a |tuEgd@nor gel - based DLP pixel setup with a pixel turned on. 20
[0037] FIG 6C shows a liquid or gel-based DLP pixel setup with a pixel
turned of[0031][ 0038]FIB. G.shaws howss gecltiof bt d liquidae Igebbsed DNPRIsy&t etordingaodi ng
to an enbodi nent of the invention. [0039] FIG 8 shows a liquid or

gel - baseddsmbodiment of hedBYentiog: t o anot her  embodi ment of the invention. 25
[0040] FIG 9 shows a liquid or gel-based DLP system according to anot her
enbodi men003Z] t he iFIGeAtshows asinplifiedfekdss sdddionlodadiqaid orqpei-Dased Rjek witheed DLP

DLSCHUPTI G BFSt PEISRERET CRPEOB N U GG eEBOIaRR GRRe G b TR PReingn
convent i %@J)r_d%gﬁo%%ﬁ%ohﬁnf{rﬁ(g%ﬁﬁlih\yengﬁﬁl ected in one of two directions for

each micro-mrror, or pixel. In one direction, the pixel is "off"so that
;Bglo(rjggﬁ _ [JObgﬂ: hgl (r)ffﬁgfq sﬁgv%] atsgrgapl%ehrccr)(gss\g%cltfon%? a(ill%]:licfa (():rtgee -bgs%dq)ﬁﬂ 9«% a
light beam not being projected onto a screen with the liquid or gel-based pixel in the “off”

position, according to an embodiment of the invention.

15 [0034) FIG. 5 shows an array of micro cavities to be used for fabrication of liquid or

gel-based DLP pixel array according to an embodiment of the invention.

[0035] FIG. 6A shows a liquid or gel-based DLP pixel setup according to an

embodiment of the invention.

[0036] FIG. 6B shows a liquid or gel-bas¢d DLP pixel setup with a pixel turned on.
20  [0037) FIG. 6C shows a liquid or gel-based DLP pixel setup with a pixel turned off.
[0038] FIG. 7 shows a liquid or gel-based DLP system according to an embodiment

of the invention.

[0039] FIG. 8 shows a liquid or gel-based DLP system according to another

embodiment of the invention.

25  [0040] FIG. 9 shows a liquid or gel-based DLP system according to another

embodiment of the invention.

[0041] FIG. 10 shows a liquid or gel-based DLP system according to another

embodiment of the invention.



5 direction, the pixel is in the "on" position, so that light incident to
that pixel will be reflected to a projector lens. The projector |ens then
focuses and nmagnifies the nodulated Iight from the pixel onto a display
screen, or to a photosensitive elenent of a printer. If each pixel of the
array is in the "on" position for the case of a display, the displayed i mage
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20  However, the device shown in FIG. 2 eliminates the use of mirrors completely, and uses
instead a cavity 202 that is partially filled with a liquid or gel 204 (i.e., one or more droplets).
The liquid may be water or any other suitable fluid. The gel may be an elastomer or other
polymer or monomer blends. In other embodiments, the liquid or gel 204 may be replaced by
any suitable electro-active or conductive material that is not limited to liquids or gels. Thus,

25  instead of relying on mechanical parts, the resulting system is a liquid or gel-based DLP
system (L/G-DLP) and uses the occurrence of ‘total internal reflection’ of incident light beam

200 to control and manipulate light, as discussed further below.

[0045] In one aspect, the top of cavity 202 is sealed with a transparent cover 212,

preferably having a non-reflective coating, so that incident light 200 may pass through the
30  cover and liquid or gel 204. Non-reflective coatings include various thin films or spin-on

coatings. In one aspect, the bottom of micro-cavity 202 includes a highly reflective substrate

216, so that incident light 200 may be reflected to the display screen from the device when in

6



The boundary at the hydrophobic regions constrains the liquid or gel and
presents a neniscus having a curvature defined in part by the contact angle
at the boundary. The hydrophobic 5 material may be a material such as

pl astic, polymers, ceramcs, alloys, or a fluoropolynmer such as Teflon,
CYTOP or zirconiumoxynitride. In one aspect, the DLP system al so includes
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LG oup g ek ot et Rocin PR 2 g breeruteon o T2 AT B oty o s
the L/ G 2epvity 308 filled with a liquid or a gel, the light beamis
refracted to 20 fol |l ow path 302 in the liquid or gel. Wen the |ight beam

e B, R A P BTSSR P o0
proj ecti oyseefir FRIG31 2n tth%%bsdlﬁle(p@ﬁhbﬂssdescﬂfBe@, Aﬂbédh@%hghtht, Gtusdde e

prevented from being projected onto a screen, with the pixel in the "off'
posi t i on.liquidigel pixghentens matrmt Wéuamgwyqulﬁll@n@af Byo enifgria thag detommiges t j cal

o concen dhetye s RELE e oo 07 ko Pk Con i B ot a2 ©f

i s concave case en i nci

| i qui d/ gethe amplé 12/is4€38 thanl d @tlical adglaC, drdofet fheo‘bffa pasition b ehdvaaim H16. dethe act ed
into the path 402. Wen the beamhits the bottom reflective surface 410, it
i s refl ecangle idig erepist handhe critical #igle €ase, however, the beamis defl ected
back into cavity 408 on path 406, thus prevented from bei ng projected onto
30 proj eciob4r] scr eel?IG432hoWhhghth‘ehm¢30’Oq3nOJec1edl bﬁtoaaSpraJeceaui;dree:mBlQheitlcmevat ure

hown- i n PR the ‘301 gpgR0T SHHIEI Ao HSteniee ST 2HEIRSE 0 olF HOBHARGE o
angl e of 4 agideRemeal/GLBEP PR ﬁ&st £AhiRRRM AMatdre: When incident light beam 300
enters the L/G-DLP cavity 308 filled with a liquid or a gel, the light beam is refracted to
20  follew path 302 in the liquid or gel. When the light beam hits the bottom reflective surface
310, it is then reflected onto path 304, and refracted outside the liquid or gel onto path 306

until it hits projection screen 312.

[0048] In contrast, FIG. 4 shows a light beam prevented from being projected onto a
screen, with the pixel in the “oft” position. FIG. 4 shows that the angle i4 is greater than the

25  critical angle C when the meniscus of the liquid/gel pixel has a large curvature, or is concave.
In this case, when incident light beam 400 passes into liquid/gel cavity 408 filled with a
liquid or a gel, the beam is refracted into the path 402. When the beam hits the bottom
reflective surface 410, it is reflected onto path 404. In this case, however, the beam is
deflected back into cavity 408 on path 406, thus prevented from being projected onto

30 projection screen 412. The deflection occurs as a result of the curvature of the liquid or gel
meniscus and is due to 'total internal reflection.’ As shown in FIG. 4, a large enough

curvature in the meniscus would change the angle of incidence of the reflected beam 404



sufficiently so that the angle of incidence on the neniscus is greater than
the critical angle (i14>C). Thus, light is reflected back at the neniscus
(i.e., gas-liquid or gas-gel interface) after a m ninumcurvature of the
meni scus i s exceeded. [0049] The radius of curvature of the liquid or gel
meni scus thus forns the optics of 5 the L/GDLP pixel. Changes in the

cur vat ur esuffici¢rhily soithatithe anglg¢ef inniancoarsthé meaistlsis greatercbharcthe eritieal ahglecaused

by the usge, g actuat or,. such as pi ezoel ectri c actuator, tificial
sl e, - oFednaudialt s T Gk e helneritin s BRI cresbistestgd) ce coi
punp,  pif%pg ikt clviRire P edisciEisRusRdedreChani cal punp, el ectri cal
punp, el ectro- nmechanical punp, or any other suitable actuator or punp as

known in art. S,nce,the.10 actuatin ans .causes shifts in th

curvat ur WP e o Babe Bt BBt b HaHar Belite b Ehe Bs b ot BioBfen o nay

reflecti afie LAG-DIiMpikel. iChahBesSinGROErOAteiret dTehe Rliid OF gelhdnisdae Fioki Ao 0f each
pi xel .  [00501 FI 5 shows anot her enbodi nent of a device according to the

i nvent i orconfave mayebeieapsedbiothe msepf 1 actypsorpsychias agpiezoplgettishcBiatas) artfifial

coherent porou ilicon r._.anoth |.t.abl . O4S terjal. 0 _provide an
array of DR P ashfegrd ac@ah Clher el Bedl iR bt SilpliB s he
fabricat i}ﬁ&o@fepttférpﬁnﬁfMdtoMrX@ puntp, neecharficdllpuimpdeladEicdrpungs eletrb- as | ar ge

pi xel s, dependi ng on the apgll ication. 10051] FIGS., 6A-6C show a single pixel
bei ng t urpedasisalampof apyothar ikigblejagtosor pyap apkegwn in B8 iSHstthof t he

i nventy o . . i i NLAJLGE] . a
subs':Il trdat 23 cg.gbgg \r/ﬁ%g}éi&?l\r%% SEI esslﬁgflésj%{&g}e#‘éﬂ %‘E‘%{“B{E‘%e Etar? a“feﬁ%ﬁg chu E%B%ee 604.
20 FI G 643 'otudwierdal refbdtiontafitight, ipthaatomiepld theroi’her tofftosiious ofedch@ixet.hown)
reflecting ight fromcavity 606 into spot 608 on projection screen 600,

when the @hx@l is t - . i rs Nl i the
"of ' poslp'P ?@n. As ﬂ@gg@&gg}otgﬁﬁb&ﬁ eéndt? °F|Qg Yleié%%p@ss\gt%{ﬂrgé@eégb%t H)t he

| i qui d/ gethe HexdedloffiIB. &1 the Pixeld-Hredorared byrdliokéng cohktett peBus tihieod,iogahotheam i s
not reflecteol onto projection sgreen 600. duge, tg thf occurrence of'total

i nt er nal fUdRPle @oTays maggrial. 1 proydds an wravRicayitiey 2. | Thepss of coegentqurousi n  he

L/ G ESP péll’f(%}g)ephggéal]e fhibrfeatién SPOUS sthalt/pixeR FeS ¥ M &iﬁﬁ{é%e? BB d1PaABYeN e

enbodi ment o I nvention. As described above, beam 7 enters liquid or
gel 708 apisels,slepactimgoh thetapplidationr ef | ecti ve surface 710. The beamis
reflected to the display screen 712 on path 706 when the L/ GDLP is in the

"on" posifopsl) | N oMESABREEE shdw 8Y4inglePixd HeinfQrmked of ARA W ih ¥R e’p&ihéhtgont act
30 with power source 716 and conductive el ectrode 718. Liquid or gel 708 may
i ncl ude aseyup fwnteatbodineant dfiteiivesntiane F1GI 6 Ashows the seup insludingia gwjeatiogel s.
Appl i cation ofod 2/QIbSEHE 6b5 Which includes a single L/G DLP-pixel and a light source 604,
20  FIG. 6B shows a light beam originating from the light source (not shown) reflecting light

from cavity 606 into spot 608 on projection screen 600, when the pixel is turned “on.” FIG.

6C in contrast shows the pixel in the “off” position. As in FIG. 6B, an incident light beam is

directed at the liquid/gel-based DLP at 606. However, unlike in FIG. 6B, the light beam is

not reflected onto projection screen 600 due to the occurrence of 'total internal reflection’ at

25  the interface of gas-liquid or gas-gel, in the L/G-DLP pixel.

[0052] FIG. 7 shows a L/G-DLP system according to another embodiment of the
invention. As described above, beam 700 enters liquid or gel 708 and is focused onto the
reflective surface 710. The beam is reflected to the display screen 712 on path 706 when the
L/G-DLP is in the "on" position. In one aspect, liquid or gel 708 is conductive and in contact
30  with power source 716 and conductive electrode 718. Liquid or gel 708 may include any
suitable conductive material not limited to liquids or gels. Application of a voltage from

power source 716 will change the shape of the meniscus and thus change the value of i4,

8



power source 716 will change the shape of the nmeniscus and thus change the
value of 14, 8 which determnes the refraction or 'total internal
reflection' of the Iight beam The hydrophobic regions that constrain the
conductive liquid or gel to provide for the nmeniscus are dielectric
coatings 714. [00531 FIG 8 shows an L/ G DLP system according to anot her
enbodi menvhiol déttreninés tha vefrdction ot hathl intechal ekffectior ofi thedight Bedmh qUhel or gel 808.
As for the e i nent above, .condutlyeeletr e 818.js. coupled with a
power R NG R e &?ggp DaVide 5ot e dreniseus hown
by el ect rpdgiB2Rid ddafihda 71&% Al ter natlvely, as shown in FIG 7, the
reflective surface 810" may al so be used as a second electrode. FIG 8 also

shows di ric t S 814 rovide for h dro hob

const r ai ﬁhﬁﬁé cond&gﬁﬁ géﬁ?‘f"ﬁﬁﬁ‘ k (g'ﬁdﬁ?ysmfbacfﬂ%ﬂ e&Sﬁ“f’&é‘E%Pfgﬁﬁhﬁomer
sour cg 8liGvémisn Atat HMelies ReoA@RENE 1iGEIdAR gblgDsa fo?ﬁ{e' é?xﬁbod‘irﬁeﬁ%aﬁ@ at he shape
of neni scus 822. [00541 FIG 9 shows an L/ G DLP system accordi ng to anot her

enbodi merrondictivh elecirodehity kmoupisd fdth atfeaves spisee Skt 4 sedsodeonduagive el@eandegoo
is focused i

hits di sdPQ&g t@%@ﬁ@% yt L“’«S&E?ecféf‘ﬁaﬁg ?ewt“%%}a %elon%sos g}&*}{lﬁgﬁ Jﬂ?‘h

L/ G DLP s¥fiéctive isingadeBID nddy #63 bdtided Qs BBad0Rd et trotdd)i EIG. BUigissHomg didlecdtic  gel
908 into the cavity of the L/ GDLP as shown: Actuating neans 924 may incl ude

any of  tdeetingsr§l4ubkatpeevide &rélyéfopbgbipsewsmtc@@trwbthé condpctine Hgaidtaggel.

S SR TG okl AR e R s

| nci dent tblcgmgeb@@gn Qaﬂmleﬁlsémed onto a reflective surface or coating
1014. Unli ke the enbodi nents descri bed above, instead of changing the

curvat “Tﬁgﬁéﬂa Meni 1§eUg sh?ws Sﬁ‘ﬁﬂﬁ)ﬂﬂ‘fys ch&hh@&%s ! egfhe%- Q&EQ&% PEAR:

reflecti rface or coa 1S € concave or
convex. linvamiohi Aglferthe remfobémidnwhwe flizhebeam Qﬁﬂiisl fogustd ibétormﬂedm/e spiadet | oned
1010 with gel or so that the jncid ht beam 1000

i h id 1
:2 28“?&%&&5@&6%{@%5@1&1 996%2“ \‘/\gﬁﬁd%‘w sereen Uy ?Ih’é‘é?g&' bBS iRgher 014 i s

made {GoONVeXn E{@,,IZ}SO II@?SI y
from gcr eg)}r} %Sité&pas I n/gil ](!??i% S‘ t'eﬁlcm ggér% 10%%“?? ew sgﬂt \I)\ﬁl heé 1 |(€§{a
surface ogel B0Rintothe tadidy ofthadd6-olohesastmvars Adtoatingimeant 028 mayriocldénanyl ofght

beam 1000 |s al so reflected away from screen 1012, as indi.cated
2004, Thelhe HFA AP SUmT T SCLAPPHo O GITED HiE 1B A MBS hed by

means of liquid/gel 908.

[0055] FIG. 10 shows an L/G-DLP system according to another embodiment of the

20  invention. Incident light beam 1000 is focused onto a reflective surface or coating 1014.
Unlike the embodiments described above, instead of changing the curvature of a meniscus to
change the direction of an incident beam, reflective surface or coating 1014 is itself adjusted
to be made concave or convex. In particular, reflective surface or coating 1014 may be
positioned in housing 1010 with gel or fluid 1008, so that the incident light beam 1000 is

25  reflected onto screen 1012. When reflective surface or coating 1014 is made convex as
shown in 1016, incident light beam 1000 is reflected away from screen 1012, as indicated by
beam 1002. Likewise, when reflective surface or coating 1014 is made concave as shown in
1018, incident light beam 1000 is also reflected away from screen 1012, as indicated by beam
1004. The curvature of reflective surface or coating 1014 may be changed by means of

30 electro-wetting, actuation, or any other means that enable the incident light beam to be

reflected in a direction away from screen 1012.



30 electro-wetting, actuation, or any other neans that enable the incident

| ight beamto be reflected in a direction away from screen 1012. 9 [0056]
Si nce the enbodi nents descri bed above use the phenonenon of 'total internal
reflection' or 'refraction' or 'reflection' to control and mani pul ate |ight,
the need for novable mcro-mnors is elimnated. Several advantages are
real i zed [0056]hi s. Rinceethagpibedinantndeseribedgbmeciserthe phenparenen afitataleintecsl | y

el i m nates_signjficant .causes, of. rf or manc 5 failure in DLP.chips, . such
2 st uck WIRPE arriaciaIr enrelsstiel ¢ pontrolant maginufite Hshi; e ngrd ¥ SdvEblss )
Anot her | HREQUEFERLs Sliaftad SeVerhl ddvikiBociad FaRzMSYY th?s@"f*b@@kbxﬁ?l?!e cm cro-

mnor arrays is the elimnation or mnimzation of the pixel e t. By
mani pul atélmyjnating meahanigal pasts aftomasicaliyjeliminates gighifieant cawses of pedosnangy spot s

of |ight ul d de to,smear,on the 10, projection.screen,  and produce a
aroot Rer {BitEed DA iREE Sirk Frart Sg Bt T g eior F Sy B ey et

anot her aguant.age provided by L/ G DLP devices is the inproved facility of
t hermal nmanagenent. Since there are no pivoted conponents in enbodi nents of

YRR oA AR RUBORE - (SR oty LB B

arrays ofmiffrabthgs iditlgy élintinaisrsor thinihGAH84 of\ihe prebeffedi Byananiplat®y theunber of
fabrication steps is. required for the L/G DLP s,yster‘ri the required
f abri cat i @¥vahire ©f the lignidpngsl arenisqus dhestrayispots f Helfrronld heampads t9 smegperthed,

W th Joowe nroj%Et‘i’&F&Eée?x”m?d’gﬁrﬁﬁuJeQJsrﬁéb‘?h%%ﬁ&&efaﬂmi]ﬂgﬁnl%%‘i’ﬁ‘é éegeﬁ?%i%mégﬂng%lfg}.ona' 'y,

aut onmat i n processing I's I ncreased since I'qul ase t al

processi ng system reduces the anmount  of hand- cessed, steps. 20, [ 0060]

Whi e t hdOP3flent i orsiagotiessdiaateer Pwadoeéjwvak@-ﬁigé*f&lﬁﬁ% & i mprAvedhapiitof t he
i : Y . . . N

speci i ¢ &Wﬁ‘gfapﬁ'%%gerﬂe t.! %#gégglfef‘e éf@ﬁ%%@e{ﬂﬂcghiﬁ]%heﬁt@%érﬂ%&lﬁfe% df the 10

limted to t di sclose ment s. ntrary, 1t 1s intended to
cover varineesionptiefmial @bnduesion titosghout the chigris anpevedby ttesusewofiliquider gplpar ent

to those ski.lled in the art.. For exanple, varioys possible arrangenents of
LG DL pooling drvsilota Colianes Iroe URBouitERts SiatRBE Tich-FREORo t he ones

25 described herein. Moreover, those skilled in the art will appreciate that
t he sldne (085NN quesMoranerm pipky a lassertnuerbet gifabricationIsteps ss mauirevbioe thedl/&; or

ot her ty of .devices su as _anal og |i.ght rqQcessors. Therefore, the
scope of plﬁfl% s‘é{%‘ﬁ’éﬁh% Beqé‘frﬁﬁg Easbr 'ﬁtb(ﬂﬂ Bf Og%gs é‘gsd@Pk?E'd_g‘ff\%raB’inga&&@er P’H"ﬁ(g’rspr etation
SO as to &RearPasdth RWer prédlctiBdstsdBE he BatchTabritafibh Bfocéds! AIRTGHAILS ;

automation in processing is increased since the liquid/gel-based digital processing system

reduces the amount of hand-processed steps.

20  [0060] While the invention has been described by way of example and in terms of the
specific embodiments, it is to be understood that the invention is not limited to the disclosed
embodiments. To the contrary, it is intended to cover various modifications and similar
arrangements as would be apparent to those skilled in the art. For example, various possible
arraﬁgements of L/G-DLP pixel arrays exist and the embodiments are not limited to the ones

25  described herein. Moreover, those skilled in the art will appreciate that the same techniques
can apply to other types of fluids and materials, or other types of devices such as analog light
processors. Therefore, the scope of the appended claims should be accorded the broadest

interpretation so as to encompass all such modifications and similar arrangements.
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10 WHAT IS CLAIMED IS: 1 1. A device for light processing conprising: 2 a
first housing having a reflective bottomsurface and side walls defining a

3 first cavity; 4 a first fluid or gel having a neniscus disposed within the
first cavity; and 5 a first control nmeans coupled with the first fluid or
gel for adjusting the 6 curvature of the neniscus; 7 wherein the bottom
surface iWHXNIY QUABEIPIS:ef | ect an incident |ight beam 8 through the first
fluid or gel and toward the neniscus. 1 2. The device of claim1l wherein

adj usting the curvaltureé{k(a abogela % critical curyvature causes the neniscus
of thé first fluid or gel EHCHEF St PORSSIECOWPIIENE ncident 3 light to the
bottom surface or th@rsehélRingHalvigdf reflb@ivedottbi sutface anthedeIRMll £ efingcd ai m 1
wherein adjusting the curvature to below a 2 critical curvature allows the
refl edt editbia@vident |ight to refract onto a surface outside of the 3
housing. 1 4. The deyi af clal m eln i Lhcl der i ght

r ef ragt s onto 2 a% lrﬁ:@%@ b&t @?adén]%%? élgé%éjﬁgﬁ%&%@gltﬁ%ghgg%/‘g@gg?ds in the
‘on” position. 1 5.aHﬂaecdimiﬁeaﬁc@F&umiﬂlm{eﬁmiﬂmidbﬁgm@ﬂ stiflgitheci dent
light deflects to 2 the bottomsurface or the side walls of the cavity when
t he dévi caryasurg of theenerdsous; position. 1 6. The device of claim 1l wherein the
contrgl neans incl . i . e ein the
cont rgl nmeans i ncl ﬁezelgﬁhe:‘?&e@ﬁgiﬁ evjﬂse‘zc{nﬁgg%ﬁggxést.&%&%{n%lﬁgpﬁoéﬁﬁggﬁof claim
1 whegei nhidagh derfirofluid®agesl dndabwaldthamerispisezoel ectric actuator, 1 9. The
device of claim 1l wherein the housing includes a top surface and 2 wherein

the top surface has a nqop-reflective coating. .1 10. The device of claim1l
wher eiln the housi ngi ncPﬂlfé_fevgetoéﬁlagﬂﬁf‘g}&eéelgﬁ@usﬁngﬂ@ﬁ@mﬂfrﬁéo 't‘lEPﬁ'e_?urface
does ot hans AriiRdle rcﬁ@é el a{&ﬁ&%bmﬁ-ﬁrl;tlﬂlﬁd bl gel O Qe tifErefbeted RicTlent

further conprising a [

e
drophobic materia
3 light to the bottom surface or the side walls of the cavity.

1 3. The device of claim 1 wherein adjusting the curvature to below a
2 critical curvature allows the reflected incident light to refract onto a surface outside of the

3 housing.

1 4. The device of claim 1 wherein the reflected incident light refracts onto

2 asurface outside of the housing when the device is in the “on” position.

1 5. The device of claim 1 wherein the reflected incident light deflects to

2 the bottom surface or the side walls of the cavity when the device is in the “off” position.
1 6. The device of claim 1 wherein the control means includes an actuator.

1 7. The device of claim 1 wherein the control means includes an electro-

2  wetting means.

1 8. The device of claim 1 wherein the control means includes a

2 piezoelectric actuator.

1 9. The device of claim 1 whefein the housing includes a top surface and

2 wherein the top surface has a non-reflective coating.

1 10.  The device of claim 1 wherein the housing includes a top surface and

2 wherein the top surface does not have a non-reflective coating.

11



2 covering a surface of the walls above the neniscus of the first fluid or
gel. 1 12. The device of claim 11l wherein the hydrophobic material includes
a 2 material selected fromthe group consisting of Teflon, CYTOP, zirconium
oxynitride, 3 polynmers, ceramcs, alloys or any other hydrophobic materials.
1 13. The device of claim1l further conprising: 2 a second housing having a
reflective bottomsurface and side walls defining a 3 second cavity, 4 a
second fluid or gelllhavi e devinerifstaim lofustherseanprising ahydiephobiomatesal/i t y; and

5 a second nt r ol C I i h | 44 gel for adjusting
t he 22 cucro\ygﬁrﬂﬁ %glgfa%?%gﬁlﬁe‘%#igfcaﬁ’gy%e\?\%ewsgﬁuggfﬁlgqg%tqﬁégnogé?lf ace is configured
to reflect the incident |ight beam 8 through the second fluid or gel and
toward the neniscusl2.1 1Fhe ddvicettd\claim 1dfwisdréinmhelhyaeplribic inheriabivtluyes &
coupled with a channel that 2i8f§1r1égﬁ] led with a fluid, aor gel

f cou )
r eser voi rmatgriglsseleied fepmy theegrowp eqngis eflan, E?H%P,fmspwum oxy@ftridec| udes a

reser v . . . FAtPRuBY o yeiniine
poryrs) . PR G TRl ofad) dhe ARRRLAC IR Pt processor 15 a

digital light 2 processor. 3 18. The device of claiml, wherein the |ight
procedsor is an anallg | Thghdeviet qirctaimsisturtherlcohtpristaglevi ce conprising: 2 a

pluraljty of cavities, each having a refl ective botfom syrface: gluid or
el i g a mani s CUSECORCBOSHE v HieDsc e PRy aranteot HOEBADs riigs
coupl ed Webbnd 8ith] uid or gel for adjusting the curvature of the 5 meniscus

di sposed within each cavity; 6 wherein the bottomsurface is configured to
refl ect an inci denta $acghd flbidaongerhavimgaigieniseus disnesell withigethe agednd navtyaand

out si surface. 12 1 20, The,device of cl.ai 19 ei,n t | yrali of
T ST oot | G somt Btheng Fuplegiity B pecord i br b TaPadfiding i)
wher eign eagtateR\ofihe dedscusdi anet er of about 5

7 wherein the bottom surface is configured to reflect the incident light beam

8 through the second fluid or gel and toward the meniscus.

1 14.  The device of claim 1 wherein the cavity is coupled with a channel that

2 is further coupled with a fluid or gel reservoir.

3 15.  The device of claim 1 wherein the fluid or gel includes a liquid.
1 16.  The device of claim 1 wherein the fluid or gel includes a polymer.
1 17.  The device of claim 1, wherein the light processor is a digital light

2 processor.

18.  The device of claim 1, wherein the light processor is an analog light

4  processor.

19. A device comprising:

a plurality of cavities, each having a reflective bottom surface;

a fluid or gel having a meniscus disposed within each cavity; and

a control means coupled with the fluid or gel for adjusting the curvature of the
meniscus disposed within each cavity;

wherein the bottom surface is configured to reflect an incident light beam

N O R W

through the fluid or gel and onto an outside surface.
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2 m 3 22. The device of claim19 wherein the plurality of cavities is
coupled with 4 a nulti-channel structure that is further coupled with a
fluid or gel reservoir. 1 23. The device of claim 19 wherein each cavity
represents a pixel in alight 2 processor. 1 24. The device of claim 19
wherein the outside surface is a display screen. 1 25. The device of claim
19 further coupled with an electronic feedback 2 systemthat all ows

real -tli me focusing.20l 26Therdevixehaictlanin I9awhequeindhe plgralitybf cavitigsns piowgted by
providing a fluid or gel within a housing that includes a bottom surface and
a 3 caviRYoUNHE® n the fluid or gel forns a nmeniscus di sposed within the
cavity; 4 focusing an incident |ight beamto the bottom surface of the
cavity, wherein 5 1ihe | Tehdevi@dNclil 20hEeréin@att fvithat @i mhbtérFabb@ & he
meni scus; and 6 adjusting the curvature of the neniscus so that the |ight
refracks wot of the 7 cavity or reflects into the cavity. 1 27. The nethod
of claim26 wherein adjusting the curvature of the 2 neniscus so that |ight
refracging out of t Cayy C . i 1 3
Criti cal ourvat ur e 2 oarhede Rt hdin LB of GRS, LR G

cur vatdur ea giulti-bigandeInsemicthedithass fudledr cbuglbd withfal fdd ongelirsdepvdihe cavity occurs
when the curvature exceeds a critical 3 curvature, wherein the incident
light beamforms an_jncident angle that is larger than a critical, . 4 angle
for tdtal internal 4%fl e'g}th ‘g‘ﬁ’.“’elofﬁlmﬂ?ewhﬁ'éf‘lﬂé’ac}b?aVétlyéFI?FF%"%Bﬁx@i 1ﬁahg?19
adj usty ng%l{)aﬁs&urvature of the 2 neniscus occurs by changing the pressure
applied on the fluid or gel. 13 1 30. The nethod of claim 26 wherein
adjusting the curvature of the 2 neniscus occurs by electro-wetting. . 1
31. Alnethod of man24ul aThedevidegiftcldim 19 wheytin the outside ourfadetihadisplaysatsee 2
m nors conprising: 3 providing a fluid or gel within a housing that includes
8ot Ve Dot o e i ! RGeSyt oler UOBIE it Bttt REaBiRh orm®

2  system that allows real-time focusing.

1 26. A method of manipulating light comprising:

providing a fluid or gel within a housing that includes a bottom surface and a
cavity, wherein the fluid or gel forms a meniscus disposed within the cavity;

focusing an incident light beam to the bottom surface of the cavity, wherein
the light beam reflects from the bottom surface to the meniscus; and

adjusting the curvature of the meniscus so that the light refracts out of the

~l N U A WwWN

cavity or reflects into the cavity.

—

27.  The method of claim 26 wherein adjusting the curvature of the
2 meniscus so that light refracting out of the cavity occurs when the curvature remains below a

3 critical curvature.

28.  The method of claim 26 wherein adjusting the curvature of the
meniscus so that light reflecting into the cavity occurs when the curvature exceeds a critical

curvature, wherein the incident light beam forms an incident angle that is larger than a critical

BHOWON) =

angle for total internal reflection.

—

29.  The method of claim 26 wherein adjusting the curvature of the

2 meniscus occurs by changing the pressure applied on the fluid or gel.
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5 focusing an incident |ight beamto the bottom surface of the cavity; 6

adj usting the curvature of the neniscus to manipulate the reflection of
incident 7 light. 1 32. The nethod of claim 31 wherein adjusting includes
adjusting the 2 curvature of the nmeniscus to renmain below a critical
curvature so that the light beamrefracts 3 to outside the cavity. 1 33.
The method of claim 31 wherein adjusting includes adjusting the 2 curvature
of théd neniscus to 3@xceélalean@h*i>db dpinc 20 wherghneadjesting e eursatiregifithyeam
deflegts bacslg date L &_ca\éw%. 1 34. The nmethod of claim 31 wherein

adj us mdn?nﬁ Mudgs %’ Us mév 2 curvature of the neniscus to remain bel ow
a critical curvature so that a pixel of light turns on. 1 35. The nethod of
cl ai m31 wherein adjlust iAgmethvd afdemipudatitptlighy it HHght prodegsiruvichoat mohsble

meni scus to exceed, a critical curvature so that a pixel of light turns off.

1 36. 2A JdRWEORECHBMISINgIht processing conprising: 2 a first housing having a

refl egt ive bottom 5\];13{171 d%f g& Nﬂhhﬁ hgﬁglhgﬂﬁgmgludgs Zl!réfﬁet(:tlgé‘yb&&fn 4 a

first electro-acti e or on ucti Ve materia ving a meniscus di spose
withid Sutfhe zfridr&avny,vw]hqrcmahdﬂﬁlda)rfgekbmsamm(ﬂcumapmedmﬂilmﬂle\mvﬂuy t he

first electro-active or conductive mat e for ng the curvature
of the meniscus: fﬁﬂ”r@f“@"d‘lPﬁ‘é‘efbtdf&hBH?%F’féegoﬁ%méB&?‘lf g‘?.fttb?jgat Wy ef | ect an

i nci dgnt | i ght beaga{@]uh%e HAUR e ome%erﬁéc%gw Hiaﬁﬁhla‘(@th@rret‘Té%ﬂQH%Hn\éf‘dent

mat eri al and towar ni scus. The device of claim 36 wherein the
si de val llghare non refl ective. 14 1 38. The devi ce of cI aim 36 wherein the
el ectro-active or conducti ve 2 material includes a fluid. 1 39. The device

of claim 36 wherein.the .el ectfo;agctive condu tive ncl udes a
oo T et e o e e Bt 3P A b indo B s Bre S bove
2 cribi calurfairy 3F the@n&iidtns $o tRRinBElbwaLFitiehl dub@atﬁrbrs&thﬁ'tl%?ﬁglﬁ’o@ﬁhlr&@ac@sr
conductive material to 3 deflect the reflected incident light to the bottom

surfade de ontsidedheieavidl | s of the cavity.
1 33.  The method of claim 31 wherein adjusting includes adjusting the
2 curvature of the meniscus to exceed a critical curvature so that the light beam deflects back

3 into the cavity.

1 34.  The method of claim 31 wherein adjusting includes adjusting the

2 curvature of the meniscus to remain below a critical curvature so that a pixel of light turns on.

1 35.  The method of claim 31 wherein adjusting includes adjusting the

2 curvature of the meniscus to exceed a critical curvature so that a pixel of light turns off.

36. A device for light processing comprising:

a first housing having a reflective bottom surface and side walls defining a
first cavity;

a first electro-active or conductive material having a meniscus disposed within
the first cavity; and

a first control means coupled with the first electro-active or conductive
material for adjusting the curvature of the meniscus;

wherein the bottom surface is configured to reflect an incident light beam
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through the first electro-active or conductive material and toward the meniscus.

1 37. The device of claim 36 wherein the side walls are non reflective.
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1 41. The device of claim 36 wherein adjusting the curvature to below a 2
critical curvature allows the reflected incident light to refract onto a
surface outside of the 3 housing. 1 42. The device of claim 36 wherein the
control neans is a power source 2 coupled with the electro-active or
conductive material to apply a voltage on the electro-active 3 or
conductive material. 1 43. The device of claim 36 further conprising a

hydr opghobi ¢ di el ect38. c Phewdavace oflclaym3ér whageintthe eled¢tteadgivetdiconductivg. 1 44.
The d%l ce of lc ﬁl"g] @fnerei n the curvature of the neniscus is 2 adjusted
by changi HEcH*d8 gb’l‘ le formed by the el ectro-active or conductive
material with 3 the dielectric material on the walls of the cavity. 4 45. A

li ght jprocessor whi3 usBke dticd oficli@rIsakhdreihltReEleatro-adtivei @hbndweticontrol 5
transmi ssion, refraction or reflection of light. 1 46. A light processor

whi ch 2isemaiegeldncludessy g8 refl ection and/or refraction 2 and/or reflection
of light to control the transm ssion, refraction or reflection of light in a

3 devige. 15 40.  The device of claim 36 wherein adjusting the curvature to above a

2 critical curvature causes the meniscus of the first electro-active or conductive material to

3 deflect the reflected incident light to the bottom surface or the side walls of the cavity.

1 41.  The device of claim 36 wherein adjusting the curvature to below a
2 critical curvature allows the reflected incident light to refract onto a surface outside of the

3 housing.

1 42.  The device of claim 36 wherein the control means is a power source
2 coupled with the electro-active or conductive material to apply a voltage on the electro-active

3  or conductive material.

1 43. The device of claim 36 further comprising a hydrophobic dielectric

2 material covering the walls of the cavity.

1 44, The device of claim 43, wherein the curvature of the meniscus is
2 adjusted by changing a contact angle formed by the electro-active or conductive material with

3 the dielectric material on the walls of the cavity.

4 45. A light processor which uses total internal reflection of light to control

5  transmission, refraction or reflection of light.

1 46. A light processor which uses total internal reflection and/or refraction
2 and/or reflection of light to control the transmission, refraction or reflection of light in a

3 device.
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