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DEVI CE AND METHOD TO REALI ZE A LI GHT PROCESSOR BACKGROUND
OF THE | NVENTI ON 100011The present invention relates to

‘Iight processors and nore specifically to 5digital Iight

processors that elimnate the need for m cro-mnor

devi ces. [0002] Space Iight nmodul at ors are transducers
that nodul ate incident light in a spatial pattern
corresponding to an electrical or optical input. The

i nci DEMIQE giIND M¥ THEORCHO READTZE AtISI(GHISEROGESHEOR v,
pol ari zation, or direction, and the |ight nodul ati on nmay
be achi eved by using elenents nade of a variety of -

mat eri al s exhi bi ARG MESINOY S rehaCi A eRbiNC or rragnet'o-
Ooptic effects and b¥ materials that nodul ate Ii t
§iM0tlace dehepwrist BreatipmobiEr B Eht Rpcessognd prece YtODLP)
AlRallligBirodeRam ek S Singtblink ablaGod MitroukbPuSicappl | cations
such as displays, projectors, televisions, nonitors and

podoRt | Q. SP&eE’hE@c\fﬁdaﬁﬁtokb%%e t@m@é@ thai 1Rt 1551@Jn§11§h@ mdd sl_rp%i
'ight into projector |ens, which focuses and fies

#&erwaewatl%g fojag lectprah i PHE e e FckisRt l'éhttné)ayd”&}@blf“&?

$CkGRRke! iQteh @%ﬂ?ﬁizﬁfbnl Jf‘ﬂﬁéi}tloﬁlaﬂ@@le Lige el ryBelatiRéved by
represents a pixel ht or _an i mage, a DLP device

Pﬁpﬁﬁ demgs neas*ﬁgf %Yagleafof 3o Figfh e’a’éﬁ%‘}gtvyrw elggrgspptic or magneto-
Obtel e@fedth AdySnAdtiaR t5dt RGHExE REHR by Sb-REY @&FRElatednl CUi t Each
mcro-mrror rotates about a fixed axis to cause light to

lmogiont r oli@hl Nahe %L&Qﬁﬁ@)ﬂ?)’ar& N ent @k akdobuitab¥ 48y vakiBuss ONe

ppllcatlons an arra m Cr O- mr oys C
BFHIoBhRER Sitrigt R oy U S S SRR ﬁiﬁ’m%vwes use

Rio¥@liSmRfcemBRka6 Hir&:@ it [l @ﬁr@jéctbﬂe&;[ RRtefopaks ﬁﬁﬁﬁagfnﬁés the
vari o¥lﬁ£¥ ose 0004 1 shows t

HefHat 1607 8"0 7°0 ‘Fh SHBTCSHT RaE ‘f“‘ aé‘d’@?\g éfnlce

&4 nidrb-Roiror rSpﬁ‘@deﬁtaﬁ piel dfﬁglaﬁr :ml"ldﬁgd , Y DG dysﬁketypzhaty cbmisastcﬁs
n t orsi on_.hi.nge, unt e

g Tt e R R L et B e B

m’tmscabmt Aditad @fisero binst Bght tod:ercefitfoﬂalﬂy Hefg:bntd nthe regatidn. aWay; in

ts n%%)%)lrl]ceang ea(t:‘rtaI 8P sugﬁ: ! 1ecxeor-]m1rrao§s QBE Is)e 1one dso tha%: l he 111%9\11(&131
’m nors as shown nay I 'eve

gliregs m@kmg at pixelemt sedciicaty ro@&ﬁ@@@ﬁﬂtme for varmes purrpdskem
wi th conventional DLP devices is the problem of stuck
mop4jor s, Wheriehtvwsetwo &N calls withpsinarsel 08 Iamd/\l en Itlieftop furfacandfhe

. I k
gacg celE rEr?g e%?rgqg Imp aﬁ‘ﬁa&? 12 %ga%l ul}{deslt #1% gol%eQE %atgseopaattorslﬁn fuélge, until
thellangink apsp@rﬂia:yoimmct he mderlymc' lesditg@drivst The mupcmmhroa:mes e
9ftedld[ev Iﬂ%cq lig {il)ra%d a\§ rocﬁ? the ggo'etcﬁc?n s%};elerg& H&u@c{, ¢ e tel['n NB%e
et 9 ndithg

re package, scru
hingsl rointbG as H@v\mwlbe Ia('cimiiadw@’ qi@;@s-,sfasimbt@@cmut gaSS| ng of

t he epoxy seal ants used in the manufacturing process for
903t i ng theecde\wine gsblem Withepnvepidmkidgisdevices 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
outgassing of the epoxy sealants used in the manufacturing process for mounting the devices

in their packages.
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[ 0006] Sol utions to the sticking problem have included
applying lubrication or a passivation |ayer to the netal
surfaces, using resonant reset nethods to punp energy
into the pixel elenment to help free it fromthe surface,
and adding gettering material to absorb noisture within
b6 pack agelutivrte theeterty pyoblénsimve nghutiédrpblyrg\néribeen cadded
to the t t

it e st 2 sy B Rl i e
geshetmant toHalp feale iitrfromathe SIrfahey smbdﬂmg geitesing mitetialteabstrhe

L
thigorki HePaters &lof 6,580 @éfbeseeseﬂmm@:é@l bir usitefagonicortacting hinge
MQJn?te&%a't el g g a%ﬁ?&&? &Yﬁet@é%h lfﬁe' n3B8rs %hq v\ﬁ% élﬁgg%ds. drive

ong erm Ion O e paSS|vant

f echno QQy..t 8 51;%99&@1?&9&11 ?Jagp;egs ot@ﬁg{aeg&@, %}%mple the

onpl ex rocess
bivgel dseﬁswd:etvqm dadtegddeaaﬂefcrgw@fl\flvﬂq@vec lspipe afithie @how sotmubtxs suffer

I t I
e R s L
beioiels prskatenwidgemplen pretse fiense Ptlisy prsblemy thpigbmeis U@ﬂddweﬁsgtht

11 I f
SRR e U A e R R

lurrin
pﬂuﬁféfleslo@‘é# r@mﬁdi’fﬁgﬂw@ e 88 “yﬁaéffgct’ém aqkgEIuasH Helst.
kﬁ&?&%&% strhf pdists Qﬁﬁhf @}J@La@mg n Hl%‘a}éblgfséééﬁt ERBpidd ffect may

met hods t hat ‘overcone the above_ and her problens. In
pepicpil b uced peplacring th& imgasdo fba‘rth%lpléﬂpsta@w kg thpagise pixels are
8lchddanat es probl enms such as stuck mirrors and the pixe
effect, while m nimzing processing conplexity and

:[%Uggfgc at ' AfRus ﬁt%@@esm%% B olt:*ﬁe %HMMQ‘%YCI 1%1133"@&1%%6 above

The resent i nvention provides a fluid or 8e| based

mmbﬁber yﬂfoél?é@s Ihijeticylar digre is g n%ﬁi fwé?IcPof%%e thakeligyeniss problems

BERRL 8HEk mikBrsRad tHe GiePdfect BRINhBHARhe provRAhd QpRikAY hrfdes
nmet hods and systems for digital |ight processing for TVs,

(PEFRICR §FRS: and ot her displays that eliminates 25 the use
of mechanical mcro-mrrors. [00101According to one
enbodi nent of the invention, a device for |ight

processing 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

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 botiom 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
configured to reflect an incident light beam through the first fluid or gel and toward the

meniscus.
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includes a first housing having a reflective bottom
surface and walls defining a first cavity. Afirst fluid
or gel has a neniscus disposed withi'n the first cavity. A
control neans is coupled with the first fluid or gel for
adjusting the curvature of the neniscus. The bottom
govifirce i 9n 3k wpnt agustied tHeourelilceciboana hritmhldﬁﬁxawlrd @hﬁes the

b th h the first, fl

R R R b R R R A
ttige stdaavaéls of the ¢dvitgal curvature causes the nmeni scus of the
first fluid or gel to deflect the reflected incident

l[pogbt to thendnk hip&t,&dﬁjuﬁt&@&hdﬂun‘aﬁ& ) 'rbelewmhtif]al efrvdrlreallows
caV| 0012 anqt her  aspect, | USti the curvature
Bttt et Rt b e sion ik SBhh B ect ed
cl dent to refract, gnto syrface ouytside of the
H;@Eéli g, TORTSRAGEPUFH EO S ST SRAE BT oEe
ipRY-2IBt dfRRvities, €heN ] heﬁ)(mgl aﬁ@ﬂldttdfb&bo&orﬂ lsttFaad.i AYluﬁfor ga\hwm@@
each havj | ectiv surface.
i SRR i R i St THPh SRt b o for
@d;n:ttm@ the I&Eﬁﬂtﬁirel o tieousised dnpbdad witkinfehahicavigy w@t&bmﬂl&rbottom
ustin ture. .of .t
STt O U Y e Lol BB P Bt RR B S b
bmsndesidrﬁoat an incident light beamthrough the fluid or
gel and onto an outside surface. [0014]1n one aspect, the
pioadial i ty liodnecaprict, irephirgitpsiawvitads ryvifalrbguwsrost siliean.
1001511 n anot her aspect, the plurality of cavities is
@Gﬂup]l ed WIi éhothefabpédt,thdadaaiety obdaritied igl E@ipleld afithi aSn it a1

EBH et?ﬁtvé'“% ﬁgﬂ%&‘éﬁ'ﬁiiﬁdﬂ%ﬂ{ﬁ g R?r%eﬁ%%ﬂ b 1% baCeprding
TR 2 st anithe e B S g of %tfﬁns#ffg%dgf’fa%alpalaﬂng
dl@l\t I1ﬁcyx,des§/yhe\nﬁhg1 a tbid of g¢1 twdthivra hgeding tba’t iR ldedeettitis Maface and a

FRRoRE e Rl 8 e s R gpPRE iy e S BPdhcicRet

liglg htanbis devusedftd ehe bsttdnr pnfatde tl’@(m‘tltmwhanelﬁ dmélgh’d)emh eeﬂects from
i be?%nﬁ g'ur]%geiht%g e%e\:/n%tcﬁg efhggura%%l?le P”Ftﬂ%] %grﬂg'cug a@%t&? so%ﬁ

ract's ou cavil
light ocfitahte owtad itteyavity or reflects into the cavity.
[6017] 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
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

a meniscus disposed within the cavity. An incident light beam is focused to the bottom
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[0017] I n one aspect, the curvature of the neniscus is
adjusted so that light refracting out of the cavity
occurs when the curvature remains below a critica
curvature. [0018]1In another aspect, the curvature of the
meni scus i s adjusted so that |ight deflecting into the
Gawick Yf A€ Cdvitg. THerahie: TitHe\idnite® i€2560d %o Rathildte Gakeflection
CﬁrV@tUEG, wherei n the 25incident |ight beam fornms an
ChEPeidedngl e that is larger than a critical angle for
total internal reflectjon. [[0019JAccordi ng to another
SHBBk enn e e PiivERE Irgtidesapng e Y ofiEr R A TR SR ©
lrérgHit beldWw @critic@iurRASCHIHA b pikltdTablk: wmvabl e mrrors
includes providing a fluid or gel within a housing that
i[ghudes an ﬁrﬁaﬁﬂe@@sﬁkdt,@dﬁ%rﬁg%@@i {RGEnEREcidvAaY bitiMe meniscus to
wherein the fluid or gel . 30 nmeni scus di sposed
e et BRGS0 ik phigloR e fL}fPSgCﬁ% beamis focused to
the bottom surface of the cavity. The curvature of the
¥tk cus iAscding & BatheembedmsH ﬂétyl@ ipveRtiqnes fevice g disk
peéseiR R nclutl Gt first{ HHRRAY Hatling B e-fR&RR Gbttondéli fdSet dnA Grall NEHiHRL 8
the curvature o he negiscus to remain, bel ow

dj ustin t / el, a
%11.41[ Favegl A GEY St B HEROR UCTVeIRALE fgf 2 MegRtes 1§Pgsed @iihin the
024} B canal heinsasqeasitd wilghhe Sitst £1gctioneliwde Soralditis iiafgal

he .curvature of the nenisc Q. exceed.a critica
P 7 8o W =TSR Roft Bf PR SFS oy pevred B refiect an
(HRQR2]Abidend Hrgughohcaiittchetio-enibe tiataral tandfowtildehd matdatd. on, a
device for |ight processing includes a first housing
hERsINg a medleagidcy telbBtioraisssd @tdcardnardlal 8 adiefd ni ng a
first cavity. Afirst electro-active or conductive

noalgr i al  MegotheNBPécs GhiselddirspaFEAr Minthlthite flterial 15G: del. 1 St
cavity. A control neans is coupled with the first
edoas]t r 0- att inbehePsp&cd MEkGtIaME: dTBileakdnabusliOfdj et ws thaging he
curvatuke of tbhgfe ni scus. The botton1syrg§ﬁ$ S . )
EBVRCT gledtrnied by 81 EEto-aRive AcsoRdivive el bk e disestigratera
bh S twaBd &G @viact i ve material and toward the neniscus.
[0023] I n one aspect, the electro-active or conductive

akeri al  iascodihb thl #other embodiment of the invention, a light processor uses total

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

[06027] 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.
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.
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[0024] I n anot her aspect, the electro-active or conductive
material is a gel. 15[0025]1n anot her aspect, the
curvature of the meniscus is adjusted by thanging a
contact angle fornmed by the el ectro-active or conductive
material with the dielectric material on the walls of the
cavity. [0026] According to anot her enbodi nent of the

Fer ect i on of IaF BESCER0N R BhAvah ™ Ter r act i on
qe0zpef | ectrroNn Adholvis g1 DLIZEHIIO QRN [hACarOyithl Rgnel On aMDhOIEERt pixel

enbadi nt of the invention, a |light processor uses total
|H?%% reflection and/ or refraction and/or reflection

of i ght n Si refr

T2t o e 1A drdur Bk el G0R] RETE POt Hepise
meR&Rioal Ng portions of the speC|f|cat|on |nclud|ng t he
drawi ngs and clainms, will realize other features and

asbsant ageFIGf2 shbes PEBSABdtioh BV uid? geldfasddUbr®kict eabidmgso
and advantgﬁ:s of the present invention, as well as the

2P PRRQAIRR aifA° BEEHISRi on of vari ous embodi nents of the
present invention, are_described in detail bel ow w

(WSpkect t 61¢: rﬁeshaw%ﬁﬁah@qdﬁ@osa%eawnﬁég liqyid of geks b?fF%RPﬁ g"éfh 2

bl mea[nebx@ <813 BntB W IhednSvithEl IGRtdorigienatddGalel Rrthd Wichdspioal | y

simjar e tgal EF DESCRI PTI ON OF THE DRAW NGS
Q@ﬁgﬁv@w g’FF‘(S’\?\i%g V@B cel Is with the left pixel

turned on_and the right _ pixel turned off 030]FI G, . 1B

SHBIC" o FRE 8 AL ReHS: 1o64an G KB PrAABRIGPIP S

tige: bedrghdt bink Blojdetén Bed a@ﬁeen[vQ@ﬁﬂe] Eu@@ or 2elSAESHR] BHS D

section of_ a |i hased DLP device according to
pos(i:tiion according to an mbodnncntgo%the Invention. g

[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-based DLP pixel setup with a pixel turned on.
[6037] 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 ancther

embodiment of the invention.

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

emboediment of the invention.

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

embodiment of the invention.
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an enbodi ment of the inventioen. [0032]FIG 3 shows a
sinplified cross section of a liquid or gel-based DLP
with a 10light beam projected onto a screen wWith the
liquid or gel-based pixel in the "on" position, according
to an enbodi nent of the invention. [0033]FIG 4 shows a
sinplified crossasgoinEsCrPT®ON O8UHE [eVEgeicwased DLP

e 7ot Rp B g a Pk o BrdtRy B i fighattddia
gﬁ&ﬁrﬁi}b AigeckiOnsaor @Hfl?zﬁli:tdlﬂﬁior,@f pfte(_he I c:magtadﬁan,.ﬂéelﬁ{;@ Q34fFL G
SNO) rra (0] Cro ca | . US or
Db e Al sk e G e S 2T b SR i S St the other
aﬁﬁﬂﬁﬁi itllﬂag)iie?) 1Saﬁl ﬂ‘g ﬁtlﬁ’(ﬁo ﬁlﬁdi'HB sd)ﬂheg:tli%? Izl)hcrﬂdbﬁﬂilt)ltlmm fixﬁl@’ﬁﬂ 5@ Eﬂﬁted
6A 0 a li.guid.o el - e i X etu 0 n
86 BB TapSisplor B A0 Prand Rt P Rl ifhng
litieqpitietlorns a gieplapasenl obloR fhivtosdnsitiet dignant dffa mminfer. XI€ kach pixeied
. 20 00371.FL,G .6C sh i i d .ael - d i |
e it Rea b el eerear e TPl el ity At

lof wrightspots ogekasbased DLP system according to an enbodi nent
of the invention. [0039]FIG 8 shows a liquid or
gEM3lbased FRER 1yt @ Mskhocovodineg of o canattives] DEPxbgh inthat'odfand

L8 A4k SEhAYIOLE) By Sy MRIBn B L o R bR
iphxelelfR inomed off. Incident light 104 hits both pixels, but only left pixel 100 reflects back
light 106 to a projector lens, while right pixel 102 remains dark. In contrast, FIG. 1B shows
two DLP cells with left pixel 100 turned off and right pixel 102 turned on. Here, only right
pixel 102 reflects incident light 104 as reflected light 108. Each micro-mirror, or pixel, of the
conventional DLP array is individually controlled in such a way to either reflect incident light

onto the projector lens or to deflect it to the light absorber.

[0044] FIG. 2 shows an exemplary embodiment of the invention. The embodiment
shown in FIG. 1 utilized the geometry of each micro-mirror to reflect or deflect light.
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 liguids or gels. Thus,
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
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
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100411FI G 10 shows a liquid or-gel-based DIA) system
accordi ng to anot her enbodi nent of the invention.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0042] A source of
light directed at a conventional D2 array is typically
reflected in one of two directions for each mcro-mrror,

Qe "B’ V;ﬁ)lsmoﬁ MR AREHWRishiehtbOdAn nicl'ﬂxﬂe ﬁibé‘t&ltes b&atedQJyfleﬂe‘é@vettHlﬁtﬁlms
i nci dent { ght di re% ed Uﬁ %% ror {\g\n% hbe def | @elé fd
Be4S FVGh A IR sy Farf of eI irapeEtT e by pphobip matgr

IThe béuntidi@ af 0O hydasphibBiE ﬁ@lonmnitﬁﬁfs tHeIIQh\fﬂ ok ft laﬁif;ﬂéseﬁt@a tdAikcus

ixel will | ect ector |
geac%\%aﬁfrﬁ?{nf%waﬁga the getagp %mePP@a&Yn Ehﬁﬁ‘fd‘mpa?béﬁ
rﬂw@ﬂiﬁl rﬁa[qu atdihﬁermll xeh aqﬂisfic,@ol@inﬁﬂ] capanﬁ@r 2K, 0L ﬂﬁo@olﬂlymer

{ f th
5, Gt e S BBt ofle 1 % et B0 B oy
tnlihﬁzdés asmic&yﬁd 20hmagde pizbdieche deaphiapm ays ofcoturdl ghttuypotesf te

10,1 043 E [.A
T e M S R e M AT M
Ic& 20hows two DLP cells with the Ieft pixel 100 turned on

and the right pixel 102 turned off. Incident |ight 104
PIIJ(I4S] bot h RGX.el i 4khtiw facitiynt ligt begpisxed thel xfid @fgkletetesi IHaCk

] h
LA 3648 B BShSTIChpbSBre il B BBy o
\quh/gbl@iﬁel @i lxe|mifrGi0in swwhredy of fulfdingie of glotcriprix dat d@2niner ned
%@1‘ tht'a_letﬁe (1)15 i I“ﬁ hI rlgf'{ sﬁ‘il 1 o% tl{ee‘]glll %21%101]1 Q&éh%@:ﬂ'in Il‘Ibg?t
q1ds r%ﬁ &t & %
aife anple ixcio tegethén @naicaltan@e &r amdy"on the ‘Iorfﬂi [pwtdmaﬂs Bl}owomﬂ(b I44 tb@l
[ flect dent |ight to th
PP e B BSERl € T Lo the | ght absorber .
A1FI G I
&%e tion. FI 35&8%11%9 bgaﬁ'l[% Ridkted %ptgqe%%hm? gclrée d2 \tvv the the
geoheticyonf posttioh Hicongle A is legsrthmtilw etticdlanglo £ vehef Frediguid or gel
l egﬂ&:s Ogﬁll]p M“Iﬁ?r uxei I_tfh@ ﬁ‘ﬂ?f h1]9§1 'VV‘heEIn@ldegt I%h ﬂ&nﬂ@b@ S

e use or mrrors conp uses instead a cavit
zm'zrs thed /' GilEL Foar ity 3598|f511e11 with eaqwi mha gel, [thedightbeem wgréfracmzto

(1’6110‘31' 5 H}%Q iPthe & op%ep p&bﬁénsthe héﬁ‘?eal:n' 1Y 'tIQ HIRYm R URL Gl ra0f

er suita an el astoner or
oﬂ éris et ypRetedomiamsitoidr ang rrféwatsd oqtﬁd%tbﬁ bqw%webqq%@ml@%
tur%n!ﬂﬂﬂfo?ecﬁ&n&?éeng% may be replaced by any suitable
ectro-active or conductive material that is not limted

rIr@4hr qui ds!n QJntlgﬁl ISIG Zﬂ_ B%s a ﬁ?{ "B§§n?ﬁgvéﬁfed rﬁ%ln)/tiefhg pg{‘ected onto a

ani cal par r esul St emils I q
§ekenhgilothe pixpl lgy@t“éﬁ%’ pasitign. Dﬂﬂ) awsa@é@e@ﬁ%e &é%%FF%*@ﬁ]@@ thest
cﬁ@utaﬂnglerﬁ @E&ﬂhe ﬁl@ltlécggéﬂ t@ﬂlqtuﬁf/gel PGd1 eI Tadoh QMatﬁl@ EHﬂsZ:QQcatr@

control and mani gu ate 08 di scussed further bel ow.
[othisspienvimdnadspelight b%awé pFswrinte 4opigigel sty 408 §lled W 4 t h

Jighifl %f‘§§@rtﬁe’1§ea1‘ﬁqy RbEractdilnto el 480! WhBaMk Benfhits the bottom
non-reflective_coatin so that incident |ight 200 may
5@'@@1@@1‘&9@ ALQ, Eds reflecte "onto path 404, In this case, however, the beam is

deflected back into cavity 408 on path 406, thus prevented from being projected onto
projection screen 412. The deflection oceurs 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
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30cover and liquid or gel 204. Non<reflective coatings
i nclude various thin filnms or spin-on coatings. In one
aspect, the bottom of mcro-cavity 202 includes a~highly
reflective substrate 216, so that incident |ight 200 nay

be reflected to the display screen fromthe device when

|sﬁfﬁcfeﬂt@y so @kt tk@@ﬁglé bﬂﬁmdéﬁeé b6 invrﬁscayﬂ@ eﬁﬂi ®8n ﬁaantioar:dnglee
substr coat reflective thin

S bert oS gt forg Rack Bpemepiscrsdy§1575- E@gﬁ Poeagy gale%tarfwk h
afibydhiaRhebievdiat 6f thaheddds is threddoundary at the
hydr ophobi ¢ regi ons constrains the liquid or gel and

E{gﬂsp nt f al;h@@eﬁlhtl&%@&%rbetﬂiﬁb B%thélh@lzt[ &%ﬂ%ﬁ@nsd@% thﬁhefdnﬂi)snh@@ihts dry
e caontac angl e a e boun e r.o I C
S O ek C e eGP AToah B 4 B SEL P Ppare

Q:SlﬁoﬁVG Iﬁ@ bectht@y Sy the fasePof ah hdﬂw@m&wm fpiesbuidttrasacthebt, amificial

CPD Zi rconi OX%/‘% O?n one ﬁ‘glgect the DLP
é’§}§‘f By ?ﬂag%mf’lﬁ%’iy &8%@?0 %F‘E}“"iPPamiﬁ’é MeHge A Vre LY BB r i ¢
GicapiMcapuRbSmbtor-OORMpumb, hdtRantdal MatpUElectidal puiiep, bletis- and

oD ha U SPeGht 308  TOp60Rr A B hn

4ctﬁi’tﬁ1‘glmeﬂﬁsl cdesnt shifisghtheleanmrefodthe nfeaistus that detamingehedoasedee
bl..e .
b B R D T 8‘?3’2% ﬁossiﬁt’f“qgu*f’eaﬁh&gfd-

I .t
AL s s Bult kb iRt neStturine o FR e stos o
Olie deoitd of IOST, tieqiiel sFod fohh@l byanbvnpgeohbnemporcals siStooywr antther
Fl. t I C d
fs%&b{eﬁgmu%??ten'g tg Ipfolvbdﬁ an grra of cavaties §?._lf C’_{\Lhe szgeac%f S %él?%or?usan
|sx§1cgr eallerthe fah)mcatlbmoﬁmrﬁ mnaﬂhnxalm glee S5@m {n@ldhdh%}e@l aGSweB aslaxgws
)@Et%eﬁ&%mrgxgqheoaﬁgh%% ed ont 0 a projection screen 312

‘on" position. The angle i2 is |ess
A&%?]nfehﬁ ) gﬁ % Xe%% esn?gae‘“é?;?eﬁ‘ bmu%hﬁgﬁ ?nd%lfflg%eﬁi L SGHS
iseiop ofentmbodjinentlvé tomirBeftioan F&Y. $ Atshevs thGeDipPnokabingtapr@G@ion

b S s Bl DB DL UL NEAR e e
Vi@ Bt shews 4 lggit b@m@natlsg fréme the djght@mrwe(hb@bkubeekgﬁiﬁgdigét
%1%91 Qa{élé’ 60% nlitF %t B@( (Jme]ﬁ @ ioff &r&n %@6 thgrgéx B%pif Eﬁ]‘eﬁa& ’eﬁlG

outs t he onto It hit
HEGH eantths ghosts rﬂ@anxez mhe ‘[qﬁﬁ@sr]lmcm é@m FIgs 6B, anjigsident @hbbvsmas

'dirgé%éd abﬁ]@ g@gg@m%&%mq Bhe q%%%."?.r %élﬁg fgqﬂeom ‘ﬂqeehgﬁpcfeﬁlﬁ 18
tnn@efém@ﬁ entopraiestign eoagea 60¢ ﬁ&rﬁo thpeceasence of il indgredl eeflectigh'eh
RS nRRE SEUS19hid P Easl de Dt ﬂ:lé oel- DPP yeb. has a large
curvature or is concave. In this case, when incident

E} bearﬁégf) he@§§% bﬂP stltelrrpéél:&éhgg{o Aok tenAR8ehd rivgd

(3 or a \ beamis refracted into the
plmenitmo ps W@bﬁdtah@veb@am 7IQP F@fer@ Heuiboraebfhsraat Isdequpsaeonto the

%éﬁe@%%uﬁa]cgﬂ 0 I THeSedrk Is r@ffetct‘égjtoqﬂé cﬁsp@é%tsgreMZ chathibGwhaSEe

owever, the beamis | ect ed into cavity 408 on

M@@Wosm ﬂ!eh @é Imsél\s»én%néme 3P8h lkﬂ&dr?g £976% Bepehcistand in contact

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,
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30 projection screen 412. The defl ection occurs as a
result of the curvature of the liquid or gel neniscus and
is due to "total internal reflection.' As shown in FIG
4, a large enough curvature in the nmeniscus woul d change
t he angl e of incidence of the reflected beam 404
sthfchideieamitdsyhesofradiat ot 'toel ateglabreBéctipm of dhe figle beam.t Hie

e L e g e s e
ere dipdsirgebatingt @14 ace) after a mi ni num curvature of the

nmeni scus i s exceeded. [0049] The radi us of curvature of
00s3] | qui FIGr8 dhevs melGSIRLB systam sicdoatimgsto tatwghap pmbamma:ft obthe he
mvlg;ﬁt%lﬁhag icn)élgld rag]ch cﬁggfe llq§1dgo:r: %gbge V%; &4f @e Q&b%dhrge bq)l(’% q or
usreiucifve alclact 8§88 provpadohthagorepiowzo gl 6e 03 sep@daondmam\@relectrode

%{ag, e kn%'v%led E'}J%Bl»ﬁ by ?lecg%'a‘@@fo R Y ﬁ"l’t%‘a’t%ﬂf as s%»bl?{n FIG. 7, the

a vol ce col I ezoe

padlepive mmfagc Smm%ealmh@plsedmehqnmdc@tctrpdmﬁlGeﬂ é@t Silwailelgsmpp
%J)a%ﬁ 82 tlﬁ?él%@lﬁé ftf'illhycﬁﬁﬂmbm Qng 5% cgﬁgtﬂﬁfn tdtohaRl ife I%Igdb@g

np as known 1 n°t art. | nce e 10actuati
& a@me@mhﬁmﬂm PewRs saugeid b mep bopA ConBCrispinding en thlqapphcatlon

?@Jhﬁﬁé@tﬁlaesh!a SroeaihLsgace of total internal reflection of

I't tthus controls the "on" or "off' positions of

g@\%/li‘] pi Xe'FiGB;%Q@QJﬁ@G B \éﬁa@c%% taﬁ&fﬁ?eggfnm Bft;ﬁ‘eG

i'ce accor @%@to the T nventi on. evi ce
Biventip. b Kelthe carvedifsrirelpvbylichl HGW%IS Eonedento igfsebigsuriace

814 4r30NecRE oD BEA8HS §1H | L AR cﬁsp%‘}rs%én JTBtakh B 1/G HIPLOY de
an array of cavities 500. The use of coherent porous

% ippsitian Taphii-BEP syt wplifes 48 p@Rting Mo Y24 yaidh pPppReliaid or

ga 988 1nto'5th9 Bvitd oP'ﬂhé‘ﬂRi BLP a8oWR! chtaaimgﬁ{e% B XY Scluds any of
ependi ng on the application. 0051% | GS. 6A-6C show a

&ewgm@s s?tﬁeé?ls BERURPS etRTiElrbeYe: Qirhangs fheichrvainredk femenisss 4i |
@m/@ig@n enbodi nrent of the invention. FIG 6A shows
the setup including a projection screen 600, a substrate

ff35) whi clydg.nols h@lﬁ%n%/@llﬂg’l Pstéeh G2 chldProRd ¥RkhePBEb R dnBithe

source 604. 20FI.G 6B shows a |ight beam qri gi nati ng from
fiyentiopg H‘Pldélﬁéigkfé’eelﬁéf)o%lﬁ&wd prif F‘éf‘é]ﬁ?tﬁ’(j‘ S!“F*’gﬁ?‘ e 0ty
Babkd tﬁé i RenBQRscaBedbe) & GhicATbFSRdneRA t&QQwamezﬁ atlRBiscus to

|er turned "on FIG 6C.in contrast. shows
Fhanggiae 3Iafﬂ':imm HEEiRHdsAt bopg, fFﬁ“?ffEé\urf%Cé or geztipg H1g ésrffselfﬁfgw
bﬁﬁrﬁhdds célchh eshvat. Thpertichlgiiedégiod mia@&ecsi cbliing A014604. be

et IoeEt o b Bitbet oot abler g nscpbgH B 1000 s

afleted @ncereh 10 Izot\uﬂlenlréﬁeeﬁxmhrfdcebﬂ @aftiigol014 Blmadbcdrvex as
Ishrc]:)tw%rn]; ?&l% 111c1dg1?ﬁg ht bqam 900% Igﬁlecteg awhy hnm tspreeenl'l 0?2'- %gdfo !atf):(chy
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 sereen 1012, as indicated by beam
1004, The curvature of reflective surface or coating 1014 may be changed by means of
electro-wetting, actuation, or any other means that enable the incident light beam to be

reflected in a direction away from screen 1012,
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[0052] FIG 7 shows a L/ G DLP system accordi ng to anot her
enbodi nent of the invention. As described above, beam 700
enters liquid or gel 708 and is focused onto the i
reflective surface 710. The beamis reflected to the
displ ay screen 712 on path 706. when the L/GDLP is in the

: [MG] p05| tSies thelembsmmeﬁsmathed bogrelhd wphgm:lmeﬁﬁ)ﬁoﬂ'tstal internal

SRS e nEr P s TRRRED gy eP Ul 3RS bR e R A e

a:ﬁyrosnmblaltxl eanmmadu Stvewud advattegcs ale rﬂhtedlhymhlt ithr bxmﬂpleq u | d s

atlo of.. a,vql t.age fr 0 0
Sl mt Rl P AR Pt Ry BN sk Rh s L i Rt e
\d lukeein ®LPiclips, sm a3 htudema'rom ané gdarhdped hiefas datrotarmgdhe mtcm al
internal reflection' of the Iight beam The hydrophobic

rmeg?rcsjns that constrain the conductive liquid or gel to

de for he meniscys are 0

RBELF BT E PP L OIS Ui ek DPeclidi i
erfbadinapnt the klitinetidn anwam tnizetiort df &te pixatéfiedie é?»yanmmmtm:ng thee
| i e 0 M i
el Pl Mg P S el o Ny SRR hOR b DO e B e on he
Bidectidn seennrdd poddeetsnvahepettrs odénpmye be owsékml@@a quaigy.
shown by el ectrode 820 in FIG 8. Alternatively, as shown
i[(mSE] G 7,Yet hetlreddvegtdepeovided bat3-BLD demges &l isompevedidlits

econ tro ngs
31 SRS fae 0 0 Sits e B B 04 SRR i B ity 1D
dronatisnt llhmal ¢oqducmlomﬂlr<glehout l:h@ clihé laplpwdelﬁ' theotse afjéquid @gel
gg&gﬁ {Pééd %?aligél)%h% eiges%lth%a% %%H’]Qmﬁ%-ﬁ]nﬁ)rs.

Ion to cC e shape 0 nmeni scus
FI G er
ifiBf] F1 G tMor?aﬁgéﬁ?eﬁaggJﬁgr%@%Q F1BHERAGERN Ak 0B
abdsesterhitggheqied fab8odion srofoe issaplantiocordfgle @ thigher m]d Isace

%&%@f%@g&!\fﬁ gyl'o%g%tl%ﬂtc? 8?%{% g&& fajlmc lon fJTOJgéoStn %dgfgglﬁgfll?)o/ n.

ThiemptioBDpecassying émcrqaaqd@me%thahqta@/eﬂéﬁseﬁ gizkelarsegng sysim ch
%ﬂm el 2tk O%angqjmcgggd gt%;sp the cavity of the L/ G DLP as

own. Actuating means 924 may include any of the various

j%glgt ors llegﬁémt?‘enﬁén lﬁ@ﬁa@% ﬁ@:ﬁ?&% 'b t\ﬁyg?@:ﬁ?ﬁle A&€in terms of the

ture Meni scus I"qul
B 0:eE S rmb@!lmmis shoiade apdarst@dbiapths yyewion aﬁ:l@éhmit?dgto ths disclosed

%Hl%d?ﬁén@ nf%qﬂe SRty of 1stun§ndg@fom5€e@ AR mbmﬁeﬁ%ﬁg ant s SHifer
beam 1000 1s focuséd onto a reflective_surface or coating
PO FsREOvIdRE AppAsHY mbws gkithldn e g d Feptsesdraple. vadus aessible

GhaRghads IMeceEHP/atd En@ay@ tex1§¥ B SEUSith SutCHAMME BB 1o the ones
direction of an incident beam reflective surface or

destibaddiereim Mareovey, opg skilsf sthedt vl aprretiata dakbbh sampdecdpiques

%mbg 0 btBef el bEMi& and hifehiRI§ ok ¥BerS efs afid%vﬁés £ sl AALlog Hekft
b oos?t?ﬁgned |1n alr1110u3|en 1010 W or. fluid 1008,

§6)°?5ﬁ<§§ ?fl?éef?rﬁ»é%séﬂﬁc q ﬂ&mp@e@fﬁla@béﬁov@%g BecPidEd BEPBAISht o
$0épRtiddbds toMeRinFef AIP®EN MEdiSeHibRGEd Sinile0ahdtehed@14 1S
made convex as shown in 1016, incident |ight beam 1000 is
refl ected away from screen 1012, as indicated by beam
1002. Likew se, when reflective surface or coating 1014
i's made concave as shown in 1018, incident |ight beam
1000 is also reflected away from screen 1012, as

i ndi cated by beam 1004. The curvature of reflective
surface or coating 1014 may be changed by neans of

10



30 electro-wetting, actuation, or any other nmeans that
enable the incident |ight beamto be reflected in a
direction away from screen 1012. [0056]Since the

enbodi nents descri bed above use the phenonenon of 'total
internal reflection or 'refraction' or 'reflection' to
control and mani pul ate |light, the need for novable
mcro-mrrors is elimnated. Several advantages are
re%&%&ﬂ@lﬁ;or exanpl e, elim nating nechani cal

pa el imnates significant causes of
performance 5 failure in DLP chips, such as stuck mrrors
and damag n tatin the mcro-mrrors.

[ 0057] AnthAe?éVl'C%%gr 'R‘?F‘)‘r?é°°{935'“?°°”gpé 2d®by L/ G DLP devi ces
over convafirsi lmnsarltg viog mwﬂectmrrbq’cmmrsur&c‘: anfside yvatlh@gfining a

el i gﬁq&;on or mnimzation of the pixel effect. By

mani pul at'i ng the curvature of the liquid or gel neniscus,
the stray2Bpdiaider eql payine acenaisersiireredivithinths fesaeavir ache 10
proj ect i ofSChRfI medHd douple@ Wit Eredirs R4 a?e[ 19} feifuldfirf 1Rnd

i nprove the overall picture quality [0058] Yet another
adVamt'dge 7 B3¥EY by L/ G DLP devices is the inproved
facility wherdihge Balmmmag&memguresltm@ﬂect fEh@dent Qzhhiekam

pizote i g E ents in g ogbrrents of the invention,

t hdPTHER g 4SBT EHGHIR & ehip is i nproved by the

use of | igheraih Be fi gectontl:mjeﬂemngnaf" instaad]eh teicnrvaoeitd sbgvers
Vi I ] .

157558 t%i*’ﬁ%é%‘*seafé% A IR AR Tl b et

st é’ﬁ@eﬂt jelit éqfiif bagmfseiface Rethe sigs- watl PY 18 @widm  the required

fabri cati Q¥ @€ ﬁﬁﬁcohéomemluea secARGRIAHAGL ¥e ctvalOher
yield is_expected, with | ower production costs for the

baP‘ﬂ?lW f ‘é&HPP'&H’t"F’iHW aﬁi‘ gloas e “ﬂ?&tF“i oA |1%}“ togRftasTREEa oW rs
pr oRgssSIf g hbfismgﬂﬁfdeased since the Iiquid/gel-based
digital proces stemre uce

nand pr oodgeans PaHTRE B bgRtTRRiE % A0 G 6% - has
been descri bed by way of exanple and in terns of the
specific he
i nventi onzelr@gﬂ%\{@%aa'fn f#e?'e"iﬁ po%nh'ﬂﬁgész g&r%%gnoﬁ% {rTi'%ttﬁ S.
the contrary, it is intended to cover various

modi fi caty omg gand c@um-nl e magﬁrfsmeanﬁﬁclmyérﬁeléaﬁo-
apparent to those skil in the art. For exanple,
va?"’FtBE&m‘ﬁ’@%m bl e arrangerrents of L/ G DLP pixel arrays
exi st and the enbodi nents are not limted to the ones
25descri be re Nor eov those skilled in the art
LT appredB e b RS BERTTREUP T ARG
ot leratorypes of fluids and materials, or other types of
devi ces such as analog |ight processors. Therefore, the
scope of the appended cl ains shoul d be accorded the

br oadest 5. rithe Fiqzyricstoaclhimri wierearstht oveing opipdes s tal shifsg et

mOghddife e kG iR HasH i3h b RfecRE EARGEMENT S.

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

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



VWHAT IS CLAIMED IS: |I. A device for |ight precessing
conprising: a first housing having a reflective bottom
surface arid side walls defining a first cavity; a
first liquid or gel having a neniscus disposed within the
first cavity; and a first control means coupled with the
first liquid or gel for adjusting the curvature of the
nmeni scus; wherein the bottom surface is

](C:IOP];:: glulrgﬁlﬂ‘l% de\ﬁxe q?%ltauﬁp{'urtpcq % ingaq &l%pl? cmatlguzﬂu elut*lohe
V\helsrefaneQﬂﬁl@Wallsshoveélnmmbcunefahmfrsu’hqaldfargeé,t state adj ust s
the curvature to above a critical curvature to cause the
meni scus of the first liquid or gel to deflect the

ref | ect edS-i Heideartof PiRgght wewrit the hissertehs Sepradeluges 2t he

si dRtenalstisctdffrdniBe SaW Jo)fs:stmg of Teflon M@Peilf&oﬁzhﬁ okynftdde,
cont r ol nmeans | a SeCOB_\E st at e a E usts the curvature to

be PAYPHS CFPPIEA 6 O YACHPEYARA"RIY A& 2 he refl ect ed
incident light to refract onto a surface outside of the

housi ng; th uid or gel is the only
liquid org?‘zgllq \Mlgvﬁcetoﬁda'fn Fﬁ'fthe' °?)?f%”g?'% 2. The device

of cl ai m dsevdndheusmgthinéngonflactve bvgan surfanednd digs wally defining a
actuatan, 3. The device of claiml| wherein the
contr oI mgéns i ncl udes an el ectrowetti ng neans.

4. The deadeesad gfiuid pidenhayingheweaibays dipreselonthinohe specnd savity;

I ngludes a pi ezoel ectric actuator. 5. The device

of claiml wherein the housi n% i ncl udes top surface and
V\,her ei n tECYRE O PerRRCHRIE WithibR st '@5@.%6! & adivsige the
6. cileeurelemthCerdcus! @i m 1 wherein the housing includes a

top surface an ere the t ur f ace doe t have a
non-r ef | e‘%lef%tg‘ﬁg@%"f“rﬂj" wce I Configired e @Fﬁ@e H‘é@F'Egg‘BPeW ai m
1 fhunghee seonjiqusiiongelandrgdardpleoizniscuspt eri al covering a

surface O\Irhel*elr}?thx\@cl)rﬁi c%ﬁ%%e#:ﬁ% agﬁlpd &a%%?df l%IS tl erbﬁt v%ﬂu{e%

liquid or
t héborwg/mrﬁpﬁ@bﬁvetuwm eppeghe mondskuschd dhe gecae letwndeql g§é¢ ¢efiee @he

fr %Jtmmgd’egﬁl%h% At b3kid M Elr@fe of 8felsRB walie OF IR seBhd &Qﬁy um
oxynitride nmers, ceramcs, alloys or any other

hydr ophob\ff*@f%%chwdswmml means in a fqurtiskaes adBNTS i CHVARE S m 1
f Updi\es craRMRLIVEIRGNd allows the reflected incident light to refract onto a surface

outside of the housing; and

wherein the second liquid or gel is the only liquid or gel in the second cavity.

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

further coupled with a liquid or gel reservoir.
11, The device of claim 1 wherein the liquid or gel includes a polymer,

12. A device comprising:

a plurality of cavities, each having a reflective bottom surface;
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a second housing having a reflective bottom surface and
side walls defining a second cavity; a second |iquid or
gel having a“meni scus di sposed within the second cavity;

and a second control mnmeans coupled with the
second liquid or gel for adjusting the curvature of the
Meni scus; wherein the bottom surface is

configured to reflect the incident |ight beamthrough t he

second |i r t

wherein tﬂHdugdecge%%m%? C'PS% Osegﬁ’v lta tﬁ&1 C‘a"'?tantd e adjusts
t he cur vat enioltneeagsrovidedawitirthg llcmdl or gel mithinigrah ce'Gtydausastinge
e RHoS G SR of D e RRGOM oLédq,whﬂL egéhbcgﬁly, &Qergﬁye%sﬁod N ce s
reflected incident ottom surface or

si GefigEsd © fﬁkciﬁ@%ﬁfgiﬁﬂt '@ﬁ\’/ﬂﬁﬂgh the liquid or ge|hé patp gn tNH%de
seg@pge;control neans in a fourth state adjusts the
curvat ur e to bel ow a cri t a\ ulrvature and allows the
ref | ect ed™ s ’Efé%fa"ft?(@"rﬁa”lsa Y &7 et o5t d sur f ace

out si de okheidnethb ouslinGf cands Whekedbyt fdeous siGend | i quid or
gel is the only liquid or gel in the second cavity.

10. The device of claiml wherein the cavity is coupl ed
wi th a chénflgt dévivabf ¢lgmfldmthbrein saxbuptigdaw ditmaerlof ghoitd por
gel reservoir. 11. The device of claim1l wherein
the liquid or gel includes a polymer. 12. A device
conpri si ng- Tae gq\’!ﬂeaﬁ lain 1@fwhergiithe) pbusaliteefeehvitesvd aegpled with a

r efu'uﬁicéhbﬁh‘él Rolihe maw @6 Roufed v il rihid: gg%selh@lw ng a

meni scus di sposed within each cavity; and a
control neans coupled with the liquid or gel within each
cavity fors. ge§ tstce Bfcliine 2 Guiediateabh@aafy régA@eMBNhisd U light

di sposed W thin each cavity; wherein the bottom surface
i sPOBR Y gured to reflect an incident |ight beam through
the liquid or gel and onto an outside surface; wherein
each cavi {o 160RLAk 08 AR ABE il O BPL , oB0, el ©f 0
the plurality of cavities is rové 14

13. The device of claim 12 vvherel n each caV|ty has a

di amet er ©f T8b@Mce of 418 12 further coupléd“smtlﬁe!ﬂ%legt?o\ﬁ'iccf@edgiclcC| aim

12 wherein the s)luralt of cavities is coupled wth a
nuPEiemdbeapioats i@t five fagkeiet hat is further coupl ed W|th a
fluid or gel reservoir. 15. The device of claim

12 wherei ach ca sents a pixel in a light
pr Ocessorlré %method o¥ma lpulatPng?ght comprising:

providing a liquid 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
cavity or reflects into the cavity;

wherein adjusting the curvature of the meniscus so that light refracting out of

the cavity cccurs when the curvature remains below a critical curvature;



716. The device of claim12 wherein the outside surface is

a display screen. 17. The device of claim 12
further coupled™with an el ectronic feedback systemthat
all ows real -tine focusing. 18. A net hod of
mani pul ating |ight conprising: providing a

liquid or gel within a housing that includes a bottom
surface and a cavity, wherein the fluid or gel forns a
meni scus di s 0s

i nci dent \fvheleﬁ? ustln %ne cm‘ﬁ&uteb f%l%e 61‘r|ﬁnétaurs ac];gt It é}lt rf:{lwec? m‘io,?li}a’
wheavay pectily evhbn @ht:UIkﬁetamxceddb ecitgalfcryamtehehdpt the meient fighe e

t Obéaﬁefm%r% ffetiBnt aﬁ(';lgthat is la1 ger thanaa%l P&ﬁ 5:@% fgtngtaﬁ#l%l\ﬁ ture of
the neni scus so that t ract’s out e cavity
or rifleftosErd i nto the cavi ty, wher ei n adj usti ng
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wherein the first control means in a first state adjusts the curvature to above a
critical curvature to cause the meniscus of the first electro-active or conductive material
to deflect the reflected incident light to the bottom surface or the side walls of the cavity;

wherein the first control means in a second state adjusts the curvature to
below a critical curvature and allows the reflected incident light to refract onto a surface
outside of the housing; and

wherein the first cavity contains only the first electro-active or conductive

material.

22, The device of claim 21 wherein the side walls are non reflective.
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27. The device of claim 26, wherein 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.
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