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METHOD FOR FORM NG VARI ABLE FOCUS LI QUID LENSES IN A

TUBULARHOUSI NG BACKGROUND COF THE | NVENTI ON [ 0001] The
w@r@sent709 nvention rel ates generally to opti caPCT/SG2006/000036

systens, and nore particula{ly to variable focus fluid

| enses. - [0002] Lasers, photoconductors, and other

optical conponents are wi dely used in many

MEEHSBLFOR HaR BN G eAKL T BCus notalT LitNsEs v A
Aha tuning of a1 choBERARGLESING ne support

structure is required to nmaintain focus of the imge
onto a detector and to receive |ight beans originating
fromdifferent angular directions relative to the

| ens. However, devices that rely on such manual

posi ti oni ng cBACKGRQUNENAF JHiR BNGENEKSNve. [ 0003] To

el i nate manual tuning, tunable.mcrolenses were .
100011 9B} BiseRP {15 *HERR IR TBErLY (ORI Ea R F IR Eeb ey t
variabRTo QR S@lengQur ce and an optical signal receiver, such

as a photodetector. The mcrolens acts to focus the

optical signal, onto_ its,.intended desti i .
00021 hasiih, pAGR BN o Sirsh R Dot R A QRehfutt ipympny
optoel&tronlteHplisatne kedsas fdrexatple/aiticaldommindtatéshsispstamsl efid camera
~ to_change the focus characteristics of the nicrglfns
devicephErpitinaailng wehearkratiany, nghieleatening At Kening oF B nd ifs
1 L
surroulfibl S5pyof A bt RGN 1o Bl A oo o AR S} dor and
to receqwedighh beqrhoorigiestany fbom dj 6o |anFulmaditestignsatilaive to tidgns.
qugfs have inherent |imtations as ocﬁateddmﬁéh t he .
Howeyeg davicgs Rt e5ha PT seiiemenus! Bt HQRRe @i O £8Y HBm ERRCRSIVe:
the majority of electro-optic materials. This results
[0003]i nTa eEmindte mpnid Aknipgt hnakldgieroleopesayrde devreraddp achieve
. requires thigk. |lenses or v ' t t
optimd] 31 &5t W P 0Pl Gl A P BB Rl B such as
photocﬂd&%rﬁﬂ[dlﬁﬂ:r?ﬂeﬁﬁidté ta)gtealf:sethé bﬁ(iv\c}?t aﬁﬁag S)ntli)iltﬁiiﬂtiﬁﬁlbd% destinatri]on
ependence of_ the mcrol ens, i.C istorts light wt
(o--» thePRoipdrtErmsamESAsCS Pe0ioB e AR AL AR _r%}am%isswse
automgtjic%ﬁg k%x?ed B8 th ¥RAR!thy fRAYEhaac BYREELEY tha kli¥rondS/hen the
range of tunability t'han the gradient index |enses.
incidetisved\adight béray up@y e meicelens varts faerh itamioorinal caligned incsdepbe.

S m.cropunps,..to .operate, |nteqgration of, suc
Thus, B RiES R B0 toBaRATis oRuseh STy BB g Botodetector
i nvol ves substantial problens associated with their
[0004]yi Aieahle sradienbidan tenpesdiay e sWiersgt MpEaonsassnpdated with the -

relativglglfsgrflaillgeiléo?rgﬁogﬁlﬁgc%efﬂ%ie%'fbefoﬁﬁ'(? fn ﬂq@ fﬁraf‘Orﬁy EY‘@I’C%&%B&&I ng?elrials.

This results in a small optical path modulation and, therefore, requires thick lenses or very

high voltages to be employed. In addition, many electro-optic materials show strong
birefringence that causes polarization dependence of the microlens, which distorts light with

certain polarization.

[0005] Mechanically adjustable flexible lenses typically have a substantially wider range of
tunability than the gradient index lenses. However, they require external actuation devices,
such as micropumps, to operate. Integration of such actuation devices into optoelectronic

packages involves substantial problems associated with their miniaturization and positioning.
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m crol enses is required. [0006] As an exanple, one
weakness of the existing canera phones is that they

was@7prryy fi xed-focus | enses, which have poorPCT/SG2006/000036
i ght-gathering capabilities, very |limted focus range

and limted resolution po . As a result, the inmge
quality is_ rather w conpared.to .con
These S Lo B S R G O ABEPNE 208 olaine

rnmﬂﬂ&ggﬁp ﬁg&ggpact means of focus adjustnent [ 0007] Mbst
focus lenses are linmted to | enses actuat ed

S|ngthe Iectro tt| ef _ o :
[0006] 5 AmEn gEPEyP a,rpale W@e&ﬁﬁ Fﬁ% c%ngxlar%&)hgﬁés is gﬁﬁt they use tiny,
fixed- fﬁ&iésl&?slé -wHiBEh&/e3o8r ﬂél&cgaﬂmehﬁglcmdbilit@a,t veap &mfedffbmusdamge and

m crol enses encl osed 1 n thin pal ymer mepbranes é@
limitedRasoluthmn p@yersdszasyult, Hiedgwer gralik ispathsr oyt 6RERIEL ihg

| e
convenﬁqgglé}tba ogga}n?e%%st égiilit}lgeléifrg) ?\%n’?@ﬁ \ﬁtgﬁle@yg?% ﬁ%ﬁ%ﬁﬂeqmr

conmaﬁﬁh&&g%fﬁhﬂba@%ﬁhﬁﬂﬂe t he above and other problens. In
partl cular, low cost and conpact mcrol enses that are

[0007] Yar{g%fe% Gi8hse? erte' lﬁﬁ'lltedatlo'tlg:ggseﬂ:ttué&ﬂuﬂﬁg’ the@A&Yro wetting

readi adj us e focus length are

effect (wsdeﬂ NS@mnsgses)wgwl,esmxpmss&npﬁsmg dqpidespsialsi Ahemtaroslso a
" nmeets these and. ot her

B UMVARY
fo PUDRVEEITP SR SUDGIT G PESBTE F FUBAP VBN B GUAE (5-S- Pat. No.
6,188, 3’ %f‘e ?&H%ve@é foctsel eRmgWhekeihl hiteatbos@dh dsepghde pnp.
Rtrol abl e by changi ng the contact angle of a fluid

[0008]0p5‘}16r§¥06e it1s g%shrg Ie%o v(i)ée sgstfe}ng 'ag%*r{%hi%rdg gfcﬁ é)(/gtrcﬂﬁetﬂlﬂseabove

and® (‘adj usta

and ot pfEB1ES. ﬂﬁﬁa‘?ﬁmlﬁlﬁﬁ)\fi l‘:tESt ﬁmtaimﬁaenmidnoleﬁMIEQt are free of
According to the present inv

mechalnquhml’ilqa alfgnmeéaandfﬁwé{eteawﬂla% ﬁl 78 hnfﬁaé&h ?f? Bﬂsl?%ﬁ?%‘ilﬁ é“f“g‘h
are ne%cg ﬁ%} 5 ﬁl%?xé tsf(ﬁfméJ £hshk 1x{v|3ﬁ'ﬁorf31%€§c§ EiftsB abhdN6tht tdeds.

UId I nterface or neniscus,
e.g., liquid- I|qU|d or l'iquid-gas interface. In one
aspect, the inner surface of the tubul ar housi ng

i ncl udes adj agritr SYSMARY OF THRINYENGPOdhI ¢ ar eas or
regi ons, wherein the boundarg bet ween the hydrogpqpie hi
[ooo9hna‘hhyomscmmwrmon@g%¢ﬁ§ acHabledpeys f‘(% opf yitigreim e focal length 1s

contrcg]rﬁgfe k@\arﬁ%gg e Tortac :gtléq&' aaﬂLﬁHFrY Fﬁ@ fied ﬂn@ﬁi@cus‘ d¥ a fluid

atic co ang he fluid at the
interFRRUBSIR the ofticsITiaflEisnmdtiteadihstatiie) mdies bicervatrodgeomtiaes the

hydr ophi | i c- hydr ophobi ¢ boundary, the curvature of the

focalkﬁpﬁfélrl cal interface varies as the contact angle of the

fluid changes at the boundarf)l/ In one aspect, the
[00103 hi Adcotdingfof the peedersymvention, a uid, such as a liquid is ﬁlled 1n a tubular

housing with an internal surface including feature(s) that constrain the fluid and thereby
present a fluid interface or meniscus, €.g., liquid-liquid or liquid-gas interface. In one aspect,
the inner surface of the tubular housing includes adjacent hydrophilic and hydrophobic areas
or regions, wherein the boundary between the hydrophobic and hydrophilic regions
constrains the fluid and presents a meniscus having a curvature defined, in part, by the static
contact angle of the fluid at the boundary. By shifting the fluid interface across the
hydrophilic-hydrophobic boundary, the curvature of the spherical interface varies as the
contact angle of the fluid changes at the boundary. In one aspect, the shift is effected by
application of control pressure to the fluid, or by addition of more fluid (e.g., liquid) into the

cavity which forms the fluid lens.
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application of control pressure to the fluid, or by

addition of nore fluid (e.g., liquid) into the cavity
woeociofiey ns the fluid | ens. 3 [0011] Accor di ngP¢TSGLI®6/000036

aspect of the present invention, an optical device is

provi ded that typically i nct udes a tubul ar housi ng
havi ng an inner surface, a dr ophobi ¢

' h f : .
[0011]hy Acepfingite ose pipaeled! thgpresent fveRtiqn, gp 8955%.9%?@8 i propided that
tYP‘“@U‘?’F@@SS?a @f?&?ag:ﬁéhgg%lé%ﬁ‘g%%&‘&gﬁ é\xur/e%ge’ta@dhytdr offm e

hydropfhiieh fiyeheepihahi frsisuif dispossdneitiiathesubiler Rousing largniact with the
pr esents a nenj scus.

] The opti cal, device. al i cal
hydrohiled StlEsse. AV eI FUTBIEATY DEIMFRR oL R pe shface
coupl ed .wi t lofl; | dpsitalvicBalsertgsisaltyeinoliides a
conStr%lﬂ%H’feﬁﬂiléna}éQHwP ﬁlet;f QKH ggg&gsf slggltdﬁgE cur \‘;at ure g[? t hy;m ;
pressufé6y viskittie chRdl Zheats oidtl erpled vaifothdluidspediusting fhggressure o
present invention, an optjcal device is provided that
the fluidprcctherefore gtso R enryd % MRS g having an i nner
« surface,‘ a hydrophilic surface disposed on ,sa}i d i nner ided
[0012BU @foﬁﬁl?hﬂ@tofdntu’ﬁ@: @hpsﬁogébb iﬁefw HIVERiZON, @B QPEF2 Hi_siﬁ@? P
In-contact w e hydr ophi , : £
et pa BRI e S A OO B e e Pl IR o MARDRUTe Qutace.
dispodER rbinssﬁidsinny!ﬁri}a&, hGRiid dieNésee wathirothe yytivdal Hopsingdh ooactayith the

ressure or volunme control neans coupled. with the _
hydrophiliE duffare, wliftedt ¢ hepndpey TERfRIPRO0F &0} e ﬁ@“w Riggdts 2 THERISCHS.
The oLﬁ% ﬁ%}li’é‘% %ﬁégﬁ%ﬁ%gm@?@éggﬁéﬁﬁ% A9BRE e @ntlohgrepie@rpled with

usting the curvature of a
the f1ill Wb df@sing Chusciirsatpreafititedeniive. met hod typi cal |y

i ncludes providing a fluid within a tubul ar housing
[OOlSiaVA&%rcﬁng Yc?j? QiHurdd: GsRBfo e pRE¢E Rivend o, fanethodbéadiisting the
meni'scus of the fluid is constrained at &fibound f fuid
curvahet wee Autdmenyaisappiovidsdaibe mpthod sty Bghast ROV a flui

...adj ysti a_pressur ' L :
o GBI A Y b, sacan
of thfidl ReEorRERREE atf bndaRrtesesn thakghopiohc aad hdrpplapbisf surfaces

adjusting the curvature_aof a fluid nmeniscusi,s .
and agjustingle gressure 2pitiedda the fhid 5 FRANER, &%&é@ﬁ? S mgrseys-
fluid within a tubular housing having a hydroghi lic.or,
(0014 hyxecspingho E/etsambfkac espevitigtled presenbinyeetiony aagthed el adjusting the
constrains the fluid a esent s ' ‘e d
oo T pe bt A% RS AR Go R A6l Pttne o i
withi%x%ft{,lﬁmgéﬁ’%déﬁ% 10k irlahEny RSS2 HyQRsbhbbiaucfc, wdietan a boundary

aspect of the present inventjon, a use of tBe to the
featueptdnsarhinel he foed iand pieseRlpRMERIseUss LA BHINEARFFIHE PPEED©

..consi sting of a m:hi @, an optical swtch, a
fluid i Fﬁ%éh 'LEY?)tg{:eoogerﬁ}e %lg%%&o'r DVD drivers, a barcode
readers and an_endoscope_i s provi.ded.. : e
[0015] According to a further aspecrtJ of the p?esent invention, a use of the optical device in
an apparatus selected from the group consisting of a mini camera, an optical switch, a

portable microscope, a CD or DVD drivers, a barcode readers and an endoscope is provided.

[0016] According to an additional aspect of the present invention, a use of the optical

device in fiber optics coupling, detectior and microsurgery applications is provided.

[0017] Reference to the remaining portionis 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
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[0016] According to an additional aspect of the
present invention, a use of the optical device in
wo 2dwen9pe i cs coupling, detection and m crosurBET/$G2006/000036
applications is provided. [0017] Reference to the
remai ni ng portions of the dgpecification, including the
- drawings and clainms, will realize other features and
embodmthnrmifAleprostnt inventpe.endescreshinidsiul elew maih eepsctiodhe
and, advant a f the present. Inv ' :
scoom PG UL ar e VAR Mo T U el el g or
ﬂmctiohﬁl?y Hgseatmemgention, are described in detail bel ow
W t'h respect to the acconpanying drawi ngs. In the
drawi ngs, |ike reference nunbers indicate identical or
functionally simlar elenents. BRI EF DESCRI PTI ON COF
THE DRAW NGBRIBH I SERIBTIONI OF TS BRASVENGEd] ust abl e

focus fluid I ens according tao.the present invention. ..
[0018] D&l gllwssietes a5radiiseabla fapes Sl 4ot geordimego the prosent tivention.

L1 qui - b i QUi 6 OF ki QUi O- GAS it er £ AC81 b Aeiey edaditeved b
Dynamd, {9585 § th{g h%élg%glﬁ?rgdgtg ’uéé%g?@ﬁ%fl 1'&%1@6&? Fﬁildd g%snl?géfl;aac’ eata.
shiftinD@iendanyt sield oftle Biyidlintdbreats unfayaleaned by diffeseny suace

such as a boundary defjn b hydr.ophobi ¢ an.
energygaivispur as ape ,a%gefjgﬁgﬁkﬁ ai)f’ﬁafr@i?@?lc pig By&rﬁeﬂﬁf GoTY
Shownlizlll%G%- il ljustrates images of an adjustable focus fluid
I'ens having a liquid-liquid interface, e.g.,

oo R S BRI g

interfat@el ga,t\«{/é}tgr-ﬁcflz;ﬁﬁbﬁ Iraéthylsiloxane et fiicey 2 adouhberyiofi hpdrbpludic
I's achi eved by 0?1/ [

th lied t he. .
I o O R T T R
fluid |en ) ' | east one solid lens in a
by Cha%}%‘u%lﬂg%ﬁ %reiﬁugye%ip{?‘%g?gf?qﬁ%‘ﬁ%i ng. [0021] FI G 4 |

illustrates an adj.ustabl.e fac fluid | en .
(0020 Hesrusor gb el riur Bt SafrbEving Ybafhne solid lens
. i Q1L ' ri abl e sized tubul ar housin
maVJ[r%g%lzs%eélq%&lSlhﬁ%g?%ils a schlerzmti cusﬁovvi ng g : i gui d

i n,.the w ndow ' ALY leelid 1
o021] 5355 R PP Bl Ao o 1 LS it tens
in conkdcWitd th6Miguitiaehda vatabersidet ububar Hohsingncl osi ng

wi ndow of a | ens housing. DETAI LED DESCRI PTI ON OF THE
l SRS 11k M §Mal SWtHR AN ASIR eSclésing window
[00221/ af blp@%@ﬂlgoazsﬂ\f:%l?tgc 0 elll; _

ocus ens ein the focal length is
of a leb®Rbiligkd. abl e by changing-the contact angle of a fluid
meni scus.

[0023] FIG.6 illustrates images of adjustable focus liquid lens having a water film on the

enclosing window of a lens housing.

DETAILED DESCRIPTION OF THE INVENTION
[0024] The present invention provides a variable focus fluid lens wherein the focal length is

controllable by changing the contact ang'he of a fluid meniscus.

[0025] FIG. 1 illustrates an optical device having an adjustable focus fluid lens according
to one embodiment of the present invention. As shown, a tubular housing 10 includes a

hydrophobic region 30 adjacent a hydrophilic region 40. A first fluid 20, such as water, is
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[0025] FIG 1 illustrates an optical device having an
adj ustabl e focus fluid |l ens according to one
wenwaadpTrent of the present invention. As shownPCESG2006/000036
tubul ar housing 10 i ncl udes a hydrophobi c regi on 30
adj acent a hydrophilic region 40. A first fluid 20,

such as water, iscontained wi thin tubular houa ﬁ‘ai ‘nd
containgd wsmumbukahbousma 0. 245 phovap ke uid AR dS cRNSHRRICH GHkG QPyRdary

betweep EE\I@ﬁ 'L? é\¥ g‘ 88 {3 p %18{11 ‘fhdﬁr @%kogzﬂ)i\lgbore?lo g él?){lfhg?bﬂ gl]‘clé%ﬁmréﬂ}ﬁblc

regi on
propert8 of Aeg3@CIMAATskennd fAfd QSI rﬁhﬂm cﬁmmatns a]nmﬁultdr&@ ﬁhciladlu%ﬂmd
and a fluid-fluid interface, menj s

interfadeppmienis@ecithis fomosdy %Oh%ﬁuhdr%l fﬂ%bémalc"é% ) 052 seaopf favid
that is 1%1[5%1% & ﬂeSﬁ P@ﬁﬁp T?lg‘%:?t:actt gglefdfrtl% ﬂﬁllduﬂ\ﬂd%@cerfa_&ew

ang Interface 50 defines
definestth€ cGuhtviad o tﬁe ﬁfentsbﬁs e nitsdLin 6, defineceifpcal dength of the fluid

defines the focal length of the fluid lens. [0026] The
lens. schematic shown in Fig.l below also illustrates a

nmet hodol ogy for adjusting the curvature, and ther eb(%/
[0026]t MEhef seheraatiohommein Higliibelovesiso Hivstoates mgleﬂtpd@h@y for adjusting the

hi_ |
cuwatqr@[@ﬁéhnggqgmhgsf'W%E%? gﬂu]]%ﬂr o c{:cglglqg% 9fe %ﬁmrboaﬁl?ent. As shown,

a hydrcﬂ% fcorﬂgh LG RIS ARG H ke %tdrh@ﬁb@ﬂﬂﬁda Itlye M\ydrbpmhe area exactly
ydrophobic area. In FIG la, the contact an

t
o the imem sy b kpccphebis s I £ dAcioeones. 96t g 94 the menideus 50
at this Etgﬁefs 13 g:l[]gca:yg c%& apR gf%'rzgt %r(eé:sju% tolthd ﬂ}utdr{ﬁ@ Uliy; at‘hH e8rvafurd Bfthe

radius of curvatur
menisduld €E685LS Jthe BAdihet oaamturg 1ﬁdﬂ@spﬂ)eﬁguncaeismg ﬂnerprc(smltr@further

Ic), the neniscus, pu S o .the h
(FIG. Yhathe prepiseys BiAGP oo 0 o drop B ALea B 97 ORLASL Pl T s
ihe curvature of the lens forned by the fluid neniscus
conve
can be tuned. In general the curvature of the

[0027]5¢ ﬁqcerﬁﬁyé& C‘é‘?@ Ufe %f? t aﬁeéls 1f?r¥neg% Yte B?{dvﬁgﬁsédg%an be tuned.

In gen&la? tl@cﬁfr@ﬁhﬂe' JfehSmehises willhatbe tLSIability‘, ram(gla baiteeartigd satic
e fluid, e.g., water, with the

contaos amglacéthe ([ ) Dystanivdtbr e hydpphilie ﬁ'11f &HE r’iﬁ)‘? flaticsppiact angle
n iquidliquid interface
of the g?fal d?ﬁ,g mtn&gwgtg Qﬁ%&%%l@{gf%cg 2qshovvsq| mages of the

[0028] ﬁ{[‘)z/;n;%ggffofcgqilté a8€1%?%{1 iyglée SagLe %g%?etf ﬁé{lg 1511 | Coli;]lscds of a hqéud—
11quldtulljtgﬁa<!e®fq§v8 RRi§Gb1k 3YeTds. 8d2andws indEes @ﬁtheﬂ@nﬁﬁg éﬂf&t obtained

hobic layer. Curvature of the lens can be
with aaleatelssnh@brbuyll intarfasti She pfotethipe weetabiipatehpying a@lass tibse

(hydrqg]ﬂqurlp}é%iar}cﬁ ]tl'ﬁ@q g\ég Etgﬁggxﬁﬁ;ofpﬂ% g %f;%u. g@rxjahgé’ "o?lthe lens can

be adj‘ﬁ@ttec? by vhi@4tBnT thésrebstfSagplic@vwinddiduiddowever, the
choice of liquids requires a careful design

[0029] One advantage of using a two liquid interface is that evaporation of the fluid, e.g.,
water, forming the lens is avoided. However, the choice of liquids requires a careful design
to match suitable liquid densities, and refractive index. For example, in certain aspects it is
preferable that the liquids have the sarﬂe, or similar densities, and that the liquids have
unequal indexes of refraction. In some other aspects, the two liquids may have the same or
similar densities, and similar indexes of refraction; or the two liquids may have different
densities, and similar indexes of refraction; or the two liquids may have different densities,

and different indexes of refraction.
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to match suitable liquid densities, and refractive
i ndex. For exanple, in certain aspects it is
w@e@iesEd e that the |iquids have the same or BCTVSGZ006/000036
densities and that the Iiguids have unequal i ndexes
refractlon In sonme oth aspects, the two quuids

ve the sane or sinm|ar densiti ,~ andg si
[0030] ; a%ex%sm@?raqew BT ASY 5 e e P TE g R aecording to
one eml%cpffn%ﬁ thgﬁxré%r{t'n%fentl@ﬁ‘ dAS sy Rthd M‘?&%el%s%ftubular housing 100

|on or the two |1 quids may have different
with mde]ﬁﬁ“erénmzedanﬁrrmﬂ tfoas-eertionnakeshewnoflt shefildlest a;xparept_)tggg@erson of
FIG 3 il Lust at es opti.cal device inc

Sl i {hararpBPERP LR 0 dar GRS R CH TGRS 20 ERBLTISERELso be
used in %ebéjljégen@ ReRAdn. | ’f‘l’{ael%dsfﬂ% 100%a8 Qx?i‘fﬁ‘emilhéﬁrﬂ@é/ ivegcthRdidded into

ou3| ng 100 wth two different si zed i nt ernal
several tiydwphstec hrcan$3 bd34 hmi/\hydrbphlhm anghgl Zdear@p% degicg shown
n of ski

i,.n e ar ha
ras ondRRyngokfenc e 8 evdnatd it i e o ¥l oepegd2 e
in contdt? %H'th' H&/dkﬂﬁul&r SSQNM2 11 ;MMENDI REpectitiély NTHE11@id IGO0 ahddiqaid 162 in
. Internal surface, which is divided i nto several

each liquidiicop habbetherserms ot simileear aerapkiph Gifkrant Eqeifdeads shewn in

The . dev ce sho I
R B e B
1nterfaéénl¢01 Kmdhy,ifluid 05t &0h cmﬂa&t wistoihe pltiekr sicleaf diqmdill@ﬂs ]a]rﬁ)do form
ectivel The [iquid 160 and ligu

anothere@etid 11quqﬁméprfaéﬁé¥€~a¥rﬂ<’6@/1ﬁeh€m§a1§% i confact %’ﬂtgd’ﬁle Side of liquid
lens ll%gg%rﬁ{ c?rlleyﬂlﬂhfl ﬁfcfel%erta'cg Y 6lSnd ﬁﬁdqlw\{@ln' ddnfdcBwith thd bthék side

cont ac one si de of liquid lens 110
of liquiddefiso 1 to rferni husthler] ﬂquHhQuldnn‘erfhm:bS 51 mltereatmel, Ligpig lenses 110

ator g e TP H A SN o b
presenﬂﬂhkﬁwoﬁeﬁlhé}é se1gh 1@15@14051s|sﬂu@c@cnbélﬁléeﬂ/\t\ﬁdﬁhqm& léﬁsé@ Qake skilled in
Iquid lens 112 to formone fluid-liquid interf

the art amldl uﬁdaxstandl.ﬁet ptiget ppsetbms apd appRAemCRE Oét“ﬁé’fd @d&@ﬁégenses within
a tubuliré .usmgt 250 ?ea%&}% 'S d[@%%sg@r'e p%hgt &Wh)darb BERAJRAGR the

ernati ve, fenses or 112 are not
tubular Kbx@@llgtl@otto wild ﬁamml; dtserherftl afiipekssiuEe GF ﬂ81ds lsomined avithin housing

nbodi ment of the sent ve n re solid |lens
100 SOP&(‘P ﬁ@u%tu%%&rwu{?éff\rkg%ﬁaft%?]iuicg{]\“g‘ ‘Péﬂg%? One skilled
in the art will understand that other positions and
[0031]ar hmmgemspecss of the ipepser) inyrition at deasteonsdiuid femp may be situated

e S T i B SR g
or one %@Qvéx%n@'th@&é\th@@éor@ww sRown af FIi. 898 uie 160 add lnqu:id 162 in lenses

contai ned within hou5|ng 100 sg as t0Q adjust th
110 anduirlanas s e sameousFIBLBaHRLPORIPEAHIT G  Regigmbodiment of

the pr%sergt 1{1J/enk1'3nsl? d %ﬁ?@scltl% A8 1426 SSEAL: Y B Rﬂﬁ)phﬁic surfaces

gast one 1 be situated between solid
121 aridemeﬁesp&heelymuemaemmee ligfiidalend may ble irecontavhyvitherydrophobic
bot h convex, both concave, or one convex and the other
surfac@oncave. As shown in FIG 3, | iquid 160 and liquid 162
in | enses

[0032] FIG. 4 illustrates another optical device including multiple variable focus fluid
lenses according to one embodiment of the present invention. As shown, the device has a
tubular housing 200 with two different sized internal cross-sections. It should be apparent to
a person of skill in the art that tubular housings having other various shapes and dimensions
can also be used in the present invention. The housing 200 has an internal surface, which is

divided into several hydrophobic regions 231-234 and hydrophilic regions 221 and 222. The



10

15

20

25

30

110 and 112 may be the sane or simlar |iquids or
different liquids. In one enbodi nent of the present

wo paepizon, |iquid [ enses 110 and 112 are in cPOT/&G2006/000036
with the hydrophlllc surfaces 121 and 122,
respectively. Al ternatively, the liquid Iens may be in

' contact with hydrophabic¢ surfaces. [003 4
device havusalpahassongsatitians gy irb%ﬂnt%w%\éwprf& élﬁ d 714 and

two adéﬁ_g%ag %d [ 8&#32 1& aHh 916 BRI @8 oA%EAH dhd gf iR SGH@ lens 2610 as shown.

resen I'nventi on. shown,
The flutEh§R 2N8%na 21 6 bre! ;ﬁbmhﬁv S:lengteﬁﬁ)& bty bert mbydipplﬁcén@mglon and

e el B i kA U
each hc”gé geng cglﬁ Eg e s @k QY Sinsi iR Bieéorﬁﬂgte%} JeRaP ﬁﬁlcﬁ%é‘ galigRidee As

e pr esent |1 nventl on housi ng has an
shown irNFIES. 0 afluid 260 &cie,confabtohith snasive dbtdieifiuidlons?éf & form one fluid-

o LS Lo o 1,25 e LBl LPRLBTE 10
form a{tﬁgexj fg.\d& cﬁg]] er?ﬂc& h73. V\ElkEJ)vH;'e dihignsess dledndddwath4nanie of fluid

| enses 210 and 216 | ocated on
lens 216a6 Horsi dmae iidsthad smsd:nfam;e 289 end Aid35 3k bmpontagiavith e gther side of

i SR A AEEARUER SRR, e TAgH S5 Bebitgnie
fluid 1602312 t S ERBI e MRl I-fluithiateifatd 20 Z600uid @32 iRivicoatdt ¥BB fluid lens
ormng each liquid [ ens can be the sama or 3}@%@%},@

214 to cfmrpar@tﬂeﬂr)ﬂfudd-ﬂﬂ@rlémfaf?@ W2 yrdheguore; flgd; hare in
Ty, 5 A gy

Alterns¥ively, dighid lefides 0d0 2ibdlor X1 6i are nomnaontaw whh phether fhidd. Ongekilled
of fluid lens 210 to form another fJluid-flui.d

in the prh vkl padesstondsthat otherposiions, eped; airangements 8£ {lu\M atnﬁ solid
lenses %?m’? ? dupd: ht)héihéj aﬂe%‘a%ltﬁé 60hO of Q6B FrBssutd porek (hbtdhdwn) are

ace 280 and fluid 253 is in contact with the
provxdedi hembalad how_sﬂng‘ 200 td aﬂlewg?oxzmuqtmemmfmrgs‘smqurﬂulds contamed within

rface 28
ool AL S e A 4T,
interface 290 and fluid 252|S|n cont act, th fl d
[00331 ehssomaapsctﬁ ef the aeseap Cign o it g s fons drayps Stuate

rfdth SorfeR! RfEh
between % lﬁ%{@ ens 2&6&%2@8?%% cl)(?ltégs b% i nterfaces 4i%ncave
or oneamlvébdﬂld the sthec toncevey AsAhoen maFlG.é) lyquld .2qa,. %62} dofengd 266 in

oD, S0 RS SR 0L BB PR i e

liquidf’ Off dreQisbod HHERR BF thednéheR InAHIRAER A Mnskd 211 (arki B 60t irdcontact
enses within a tubul ar housing are feasjb]e.

with thohpirpplebe suréaopn?? lsand 32, wrpetiyclar Slisrivale the?quld fens may be

0 to allow for adjustnent of
1ncor1[5chgléﬁ?hbgg %'Pli”gls gacc?%nt ai ned within housi ng 200 so as
to angUSt the curvature of the var OUSf|éJ.f g cl
[0034] ntFEF s esschqranBahovnedhpapriicalied of Hhayiddlpanenclosing

winddW S EMenS oudle. ! £3How el deHk Had Qﬂﬁ)ufﬁ%ogﬁng BbolatrBS housing 300
has a window 310, an inner surface 350 configured to hold and constrain fluids 330 and 342
to form a liquid lens 340. The window 310 can be made of hydrophobic or hydrophilic
materials, such as a glass or a plastic. The window has an inner surface 312 and an outer
surface 314. The inner surface 312 may be coated with a hydrophilic or hydrophobic
material. In one aspect, the window is coated with or is in contact with a thin liquid 320 as

shown. The thin liquid 320 has a surface 322, which is in further contact with fluid 330. The
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between solid | enses. The two interfaces of a liquid
| ens may be both convex, both concave, or one convex
wa@rah7obEoot her concave. As shown in FIG 4, |igpeTOS@E06/000036
262, 264 and 266 in |enses 210, 216, 212 and 214,
respectively maybe the sane® or sinilar [iquid or
" different liquids. In one enbodinent of the present b
Fluid 3p0PaHOF r8es SHEFAIF SHYEE. BHOEEhIYIREoRrarTon HaRERCRrbon

h ot i o o ]
monesfle ot SR TR B a7 R AR o e ©
liquid ST Bt iniértshrfageds spdithe howing meeke 2 hpdrephilieloGahydwphobic

surfeoq, pEORUAGSPA B SRABF Lch adnra et SR efe hirsHeia has o
surfacegflya! iﬁgggvﬁgtl\gitﬁ Wl #90. PRI B30may BE tHRUWRIeNE 11301 I7a%r

an 1 nner surface 350 configured to hold
differeAnflomdiggid 200 FIGL steva3feambogisgent of therpresent ingentipn vkpge the

.. 340. .The, wi ndow 31Q c. e of dr ophghi c_or .

windor, AP pMEFLVRER: (dmad 220 Rt 582 agy R SANBGa fnd the fuid
is I T iPDRydrSpHobRCAaBAR. anek adllaliheke art will

330 lsgﬁf%rg%qe}g%}iv%f@@ﬁggenne?ysﬁ% ace 312 may be coated with ,
understandytiiat optter fiuidsolquigelpshinot surfaes eoatiag materiahhere degsibég for use in

. the w ndow.s coated with or is in contact with a thin
devicef Pgmeé’r‘?ﬁ'\é\{ lggerﬁwgm The thin liquid 320 has a surface

322, which is in further contact_w th fluid 330.

[0035]Th f hydrapheB shifpedmay by mede gpre Auorkiated RplYYER such as Teflon

(polﬁ%ira]t%lggﬁ)gﬂag%ﬂ r(ﬁ@?@}: .(%ﬁlﬁ%h&ilsfpgrﬁi&ro AURRPobRReX be or

or a liqui such as a hydrocarbon
copolyh@drization ofperflidroGaikenlybvinglponers)) ot paylirdroakyltrithlerdshianss, .8,

R SR o A o S SR e
octade\séglﬁx?ckﬂ(t}@siidﬁ@?% BHb B SeficOls deferall9uRidB@rands biafusél silica,

ace 344 in contact with fluid 330. The |iquid 342
other matgrible su¢tecesamis ahyioghilie nagtds o hyrirpplitie RelyEHIOr EXAMRIS:
320. EFIG 5 sho [ T he
hycoF i AR B oY P Ao P S ra B SR AERE potymers,
polyvih}tpéld':&o?@ Qi gSé2thaseamatisls camalegbé hiedr ilnone ambodiment, the
fluid 330 is air. The inner surface 350 is a
hydrophahicopIIEF (8 PR BREYIOPRIEGUTTACE he art wil |
understand that other fluids, Iiquids and inner .
[0036F ur hame asgeat ofife petsentiinventian.ghé bydrpplhabi¢ srfaggeof ;rdevice, e.g.,

eSS S SRR T 038 AR5 i

surfac@s of £8d+98k, ERQIsVEfRis aBl Lgn Oatlbyt eifftent GHESBS fraterials.
anor phous perfl uoropol yner obtai ned by

opol [, i f i )
ous 5 PELTRE 6 3ht BAE! PERALAGNSAEL KRRt phgis )
hydroghbbi2 thdPehydrogtiitic espydit o thhliaren sidfaref dre tubular housing.
al kyltrichl orosi |l ane such as

Ors ., oy .
Alternsipalgesadditiopally s pUlpeousing RAYIpHAS & hydrephiig of  hydrophobic
inner SRR 3hd ¥ bBRAE P Feabllr8SPniOf ffndB&ES t5icbhdtAin the fluid. The boundary

feature can be a nanoscopic microstructure or a structure protruding or extending within the
inner surface of the tubular housing. The structures can typically be formed using injection
moulding techniques or imprinting or litho graphy techniques, such as nano-imprinting or

nano-lithiography, as are well known in the art.

[0038] The boundary feature of the present invention may be a structure in contact with the

inner surface of the tubular housing, such as a ring of material disposed on the inner surface
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other materials such ceramic or hydrophilic netals or
hydrophi lic polyners for exanple, hydroxylic
w@oeloyaeT7yd at e or pol ynet hacryl ate, pol yacryl anPdEsG2006/000036
cel lul osics pol yners, polyvinyl alcohols. Coatings of
these materials can also Bt used. In one enbodi nent,
t he hydrophobic surface is in contact with %h? {cro-
of the tuBMEF Beirg. Titladey f0036]ustHeoRYY RS FRIBROSSE Of Ao orm
present inventi t he hyd hahj ° s [fAmer,
st 06, hesage ol tppbgepytE FEAE: Raptis SRS atholner
. imJ.ar Rhichalsey hgbsds Mete@fnati vel y, hydrophobic
morgam?ugrﬁfgﬂaagggk%@ﬁlzc de\?i ce, e?g. , surfaces 131-134, include
different types of .materials.: ABQUBablE BhapBLand
[0039] agb%ekbppaéhpﬁ%gs&}seggbé 1%6%81?[ 1?#219%]& nt'a I nvent i o'na@has.
dimensiBnd VI RRRAPLEI MM, Aubyldf Bikidgi s paginaretorel crasseion and in
surface of the tubular housing. At rnatlvetl.a/ 1Blvet another
another @ebotiinuama | o tybwlhehqusig es 24 GH%{HH‘@GW&@ GORITSGHRCTy 1Y
hydrophilic or. a I L fhub D06 2 §ldELRCRIIANEN Bf the size of
embodlwsm_naé‘f ‘W%’?Q{lﬂpéfn%agggfg %&lﬁogns aiol constrain the ;
e crodl i ity BoudRholaag e, sabobn ElEROSEAC B Pt
O . - i 1
tubularWotdingiuged én therapseat iy grlepngpay h"g’etehﬁﬁcgﬂ %Hg@%{a ng. &%Jﬁg% ona
oss-sSiipHE LRI E REE3H Y pbS bl BRMs Yedtiva thay ey from 3 to about
CIOSS'S?‘FIIB‘BP% ng éc%iogﬁlgs or | ﬁpﬁgnti ng or |ithography °
16. Oneghab@ues forsusitedaolygan eushngsrd RLpISPr sectangle.
nano-lithiography, as are well known in the art. i
(0040 | O\QQfEJus This BesidamayfiRalsud @ithfn 4 hibulpr beesing. | At digposed in a
may be a structure in contact with the inner

f
tubulardfousing ceubribigher H_QUI@ qigas-s Lehiled néayrkfe]?gpq}ﬁr, ﬁ%lpgﬁllreglaﬁ% a nop-
polar, lgcluﬁﬁ Sgg?adsh g‘f)@xitnﬁ £s 'o?ﬁggf%%grl]%gr (RA08(.80Q936 pd1@iydiibelcohols such

feature structure may tfe
35 lycSRIPOB Bebpghediinesnyiane phyoolositikivs B3atalisng edfel e o

erent_ materials than, the housi u hthalate,
liquidspiicipde silicPR ol g8 HV‘?:YPC?FE?%H such ps g‘é’FoéPﬁ%ora%n%%%f ?a gg’eé‘?yl phthatate
hybE| it ifd8 Thar. t mysk @mbdalmémghe disetlisiimcontact
benzylt%céﬁlﬁﬁ'gas%ﬁmiggé%%tli.o%gér?gy hgve varj abl e srﬂgges nd tact
with tdi HyERshitivaegibn of the inndysuifaeentAltematiysiv Hie w@wa% ac
. symetrical cross:zsectiqn d hEIRRAE AR BE in @ontact
with t}tWGF%hoh‘Gﬁgglﬂﬁoﬁ%gl erglrl]rsf%%mr[‘thrg iﬂglgf &gﬁgss- sect an. ‘'

with a¥@heA0G BEEIEARRRIy R Bntasbwitasnhatiisi figidmdipe faNdmay be
continuous or a djscrete ‘\ElFa{Mltgt Lo}g&f tgr% §126,h wlde
constreined by & physiesh bewnsiagy feRlrg o Phigrmge g., as
hown 0 Fl &S ' af igetfdybranedionsi ng
hydroghif af?dnhxdﬁ%"q?Plé%é‘ﬁ@g‘?sﬁS eﬂﬁﬁ %Eﬁfgsa% have el liptical,
circular and/or pol ygonal craoss:seeti i
[0041bf I peraspest of e %&?ré%&ngﬂe fﬁ?tgi%‘-l E‘etg‘% F@%ﬁafrré‘ym? g?y fr om.
contac wifh AP one second fluid. The second fluid may be immiscible with the first

fluid or partially soluble with the first fluid. Any combination of polar and non polar fluids
and polar fluids with gas from the examples given above are suitable. In a different aspect of

the invention, the tubular housing only contains one fluid.

[0042] The fluid interface presents a meniscus at the boundary, e.g., a hydrophilic-
hydrophobic boundary or 2 physical boundary feature. The curvature or radius of curvature
(reciprocal of curvature) of the meniscus and the contact angle can be adjusted by applying a
pressure to the fluid. The curvature of a plane curve is defined by the equation (x'y"-y'x")/(x'2

+ y'2)3/ 2 where x', x", y' and y" are the first and the second derivatives. As shown in FIG. 1,
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16. One exanple is a four-sided polygon such as a
square or rectangle. [0040] Various types of fluids
wory7log77o0sed Wit hin a tubul ar housi ng. A fl ui dPdi/sEu®ed00036
in a tubular housing can be either liquid or gas. The
fluid may be a pol ar, conblted mﬁth a nonpolar, liquid
' as. Exanpl es of useful  pol ar ui ds.inel ude .
the curvaaura? tismoyias o by BOROPY HETRR T QPRI the Bréssure applied t
! e, 8tyCch) ARFIEN ()] KBe curvature of the
the ﬂu1éx§h9[5§1§§t§ edlllljag’e F&{r%gﬁﬁ%o 1iqq)w ds i nc?czde silicaon
menisc® in KIG hyyiseear bﬁrestusabccllntyamgtw thenoideadersds Eomphe ylatic contact

angle ofa Py BOPSLAPF I HPISHE TRBSRIHEREoRE A It 415 fuid on
hydrophcgbli‘?%féﬁﬁé&ﬁ”hct, QukRe hydrophilic region of the inner

ternatlvely the fluid may be in contact

100431 iR eh B BIERG CHAE B A aRE M T e ho e

generatﬁr}%ﬂdﬁl&ran@ otrgrd@@ltcb vk Xlt&@%&%hﬁiﬁ@bﬁﬂmd\m tltaviny Hdrkeample, in
. may be constrai ned by a physical

one asgeot) ﬁﬁwlvssﬁmtpuhed ter thi fluidris ap @lmtialﬂyetf%?rﬁ%%lf@o%%f\%&ﬁi Ph éor
R
pressm@%@ §&Iera@éd i@z bribv@ihic 0R maghaoﬁyd‘rsdynﬁﬂnm cpumpst [reyet another

| ar housing may be in_contact th at, | ea
embodm@“t!imhe pragsute ammiedde dyndnigd |1%$§?6Wé%¢v¥‘i¥ea V‘ﬁ?ﬁ%‘b E{l%“‘v}ﬁ e

examp#e:I cﬁ agisre%n nIecllI'al %a‘? glt‘egéﬂré g?{elréﬁn%c&evgla% Podrbwlithee funigihg device or

o) pol ar and non pol ar fluids
a peris@itét @Eh@r fI UI ds with gas fromthe exanples given
above are suitable. In a different aspect of the

[0044]I n’Yﬁ@ﬁﬂe?éht 1ﬁ@ﬁtl$ﬂ‘§l% BfovitRY S infighsnd Hadpatih g ItHBSCImVEHEure of a fluid
The fluid interface presents mé.1 %
menisas. The rrba(thmlctap1yall)emglude%pqqy@1pw]ﬂqup(yﬁ%p 66\#{%@ ousmg aving a

hydro OﬁJCP r or aEl‘E: ; éfcfl?geaLvhgr%ﬁpgﬁ{e)ﬁsgfsa&ﬂfﬁ@ﬂufﬁh? c&r&é’h’éﬁh}%& h€a

ature (reciproca curvat ure)

bound&@%e%&l@dﬁy@@hlﬁbalcbloydr@dtobﬂ:mglfecasamdmlj‘aﬁﬂlpggmwsw applied

to the ﬁulglrt@ cb@gnggék?qr éﬁ’gé;q?eﬁ{g’g qtaglg?lgcl‘é}él E‘Lﬁgq%ﬂ)% {r}/lgr}t Uh& tu?oula% housing

is prov(iﬁedy \?/1tl¥ 2 fluld igéldg h ¥dtAdPembdlRtdt, the tubllar Yd@sieh ¥ previded with

I'Tst and the second derivatives. As shown in FIG
a hydrdpliilie acdia hﬁdruplmbmcf surfage.nmbnyes suctherambodimeolde Lt)lyaular housing is

prov1d:e‘ri1 é{lga%’ﬁ]fgpglﬁﬂ: raStZg’ | glg &%‘EP}} églsc;’slrugfﬁgé)iﬂje f@lq%édoa[f{ep?ards. The
pressu?ep %erf etddngldebike m_EE}%oﬁtldétVtatthb" guiafdirettey srethromigh e metlikth GA

i's Zero. The tunabij lltt/ range of thebdcurvature is
preferfedmslsh@ gonereiies MPaEAiet is 4R G eétr%qsns?waé?

hydr ophi lic or hydrophobic surface to the contact
[0045]5l ngihe p@éseﬁthﬁvédtmh durtier ardwdksaphethod fop radjntyumﬁmcm@ture ofa

TG NN .
ha\nn§j g‘ﬁggr%gﬁlﬁg /sglrf?:g%raﬁﬂ\("/}fé?elﬁ BabufaPredturd ConderhingBheofluill |at1d1 f@resents

exanmpl e, in
a meniscus, and adjusting a pressure apphed to the fluid to change the curvature of the

meniscus. In one embodiment, the tubular housing is provided with a fluid inside. In another
embodiment, the tubular housing is pro{/ided with a hydrophilic and a hydrophobic surface.
Tn yet another embodiment, the tubular housing is provided and a hydrophilic and optionally

a hydrophobic surface are added afterwards. The pressure generating device may contact to
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one aspect, the pressure applied to the fluid is an
el ectrokinetic pressure generated by, for exanple,
web@cpTosnosi s, a ratchet punp, or el ectrowet PCTIgG2006/000036
anot her enbodi ment, fluid pressure is generated using
pneunati c or nagnetohydrodihanic punps. In yet another
' enbodi nent, the pressure applied to the fluid i :
the fluigelireetlit arthryigh arraeditmi AapretFsier PESSHR SCRTANH Bppgfatys is an
usef ul neqﬁ ni cal pressure generating device is a
electroQsOpQilf, A g'un'pi ng device or a peristaltic punp.

[0044] The present invention al so provides
[0046] adIhpsllqvfh‘é lenes desFribeddR Bhegiresgng WM?‘H@@HY%@%@“@ %’Mdmm
t hod i | ; 6l infdottgdiamideli N a
low coq et HE s T ey o oD ¢
surface, wherei.n a neni SCl{S of t.

he fluid. . ..
(0047) o cmsPo ienExbest i BBARGE o BerRRUR ISy AhSeRtir) dovige o N
' ! ik Gl MEHi cAged, BT etivat svidgipkipedable
qmmap%gggggg?ﬁﬁaﬁﬁéigﬁgﬁgg@?%% curvéfurz of ?ﬁé nenisculs,1
microstBpep A€ R obDVDNeeHice, & hercodbisadsr and @8 icALICaPS iR cfargple, lenses
with a fluid.insjde. I.n anqgther j g . di
accord{ESALa PR FHEHL QU 30148 BB R QR doyioes wsed in
telecm%gl.ﬁﬁeﬁ&bé (6.5 YhihaGmerdsNoptichl évinhbsr dembotignéng,, Ch&VD type
tubul ar housing is provided and a.hydrgpm I |fctand (e.z., laser
of drivepst banadd rpadersly sineiSEBEG 28a|YHoaL 8AHPIECH th Ay facturing (€.8.,
fLerwards. . the. pr akibR HeHERIARhepRALACt
i ARG, BTkt dsessumns o
inventRnas S4676l g eRefadticatpnayiparbale phonscaanerad anct digital spmeras.
assenbly. [0045] The present invention further
r oyl Ak Ottt iHedniiog pkdedes wrusabofithe apttical device in
W048f|§¥ %éﬂ?ggﬁ%éafﬁé%ﬁgthéd t;pigalLy i ncl udes 1
fiber qptioy éliphigg Aldtéation anl mheraswzeryiBpp Eaetipr st hfgy agbledgeys lens
hydrophi lic surface. and. wher ei . f @3t WESneras.
s R PSR RG  FCEpe ApL h cr

adjusting a pressure applied _to the fluid to change. -
(0049} hdn prefersaduaspedst, aithid pramneldy formef} 1A SUEHY S‘étfsﬁ%ﬁef},“’%?’ﬁ‘% usIng

t ubul ar. ' b ' Whil BustbleUhsteti A1s itbéudel an insulated
Smnd%ﬁBEWQLﬁ@%%%é?%%h@ﬂﬁ%ﬁgbﬁﬁﬂﬁlar %ousfng.Fé provi ded
metal fnBulateByidnampdtil, b inanidted stpthoodirity andaaringdeor. | $pegidic examples

anot her enbodi nent, t he t ubul hoysi ' |
ncluderhognng GFOpHAT e LA Bt BHATTS o Ry SR abpeatiaut other
materfHi €206 b@fat)ﬁdfr%rtg Sne FBeMAES kit hagdBared. i Adluidvhapeel

may contact tothe fluid directly or throu%

h a medi um
accordinptefherpressnpingeyionereferiblyftas ﬁg:ll‘&b]ﬁlé?fg?éﬁ%@ t1on a%ns?hown, for
el ec osnptjc as e Ghahga) h
e SSHIGSETBN BRI MASRL TR Lt dbgasps ey
crossREQIENEEge6eeyryl sQvh &9 $dr, exampiractal optiliptitalf swers rrytangular,

I ETL A R
dimeiods i AL r5Ahe JRYiLEE: AfpliMtion. For example, in one circular cross-section
embodiment, the fluid channel (and thus the diameter of a fluid lens) has a diameter of
between about 1000 or 100 pm or less. It should be appreciated that the diameter (or relevant
dimension of other cross sectional geor'n,etry channels) can range down to the limits of
photolithograpy processing (€.g., currently on the order of 100 nm) up to the mm or cm

range.

[0050] One example of a process to form a device structure, e.g., fluid channel in a

substrate (housing) according to the present invention will now be described. In one aspect,
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apparatus selected fromthe group consisting of a mni

canera, an optical switch, a portable m croscope, a CD
woroDvRr7devi ce, a barcode reader and an.endoscPEESGEHO5/000036

exanpl e, I enses according to the present invention can

be enpl oyed as conponents i2n optical devices used in

t el ecommuni cations (e. m ni camer as, ag ptica

sta'mdar@; mlp@rﬁglggs mtf/g@@bg@@paé@:h(l@logws a@@se@w Uipee 6,fﬂu1d channel in a

housmge CF[!]II‘S ﬁéictog?%ﬁgrgﬂa% W ?egsreﬁr%):le'(xﬁéacﬂfsﬁ éérgralﬁ% %lgﬁrﬂﬁ% géézgﬁlagzs Fora

fluid chABHl G ghdkoresistds spiardasd op ese)silaqynl wated, ihensexpbsed with a
particul ar, the pr esent | nveng on i 1Sc»)ausef ul

photomaskyangaring theofluihanme! paisie ABRedevslonms, H%%“P&Cﬁamel pattern is
t

transferrqad%retlﬁf}?tbo[rt]&%?igt]v ]%}‘,th}{g Lg”@ﬁ?%[cﬁg&ggsﬂsgg F@geg%\f?zﬁp% on the

pattemédl D&l Tipfrdafer,asiny wetgichiiey (ecgt |I<®Ha4ﬁ%ﬁ6@°r®s1mgmrytchmg

rechniq s BT HENH ol B° PaER e 1.+ b SOTE PO AT Py oc
Hydroph 19 §1a‘faen%r@YTdPOQrf‘a%/]thér{baoﬁa@t%ﬁ{eﬁ%gd ASHRGied, e. 2, iPititohted,

IR a silicon substrate housi ng usin
exposeditdamdapeﬂﬂ gridottceidteh dgwelplyowm Chﬁch&fe@ly,(&%facﬁl &atugg structure

substrate materi Is |nc !
may beldﬁg‘lﬁ“ﬁg%o%ﬁmﬁ% ed i, qeﬁ&c?gttagag‘l 18 ec ond rTF %)drdltgor? °dh
hydrophméj{%id?lr Fo@@@&hf)leca S BIP eburk BEdhlder rind d>ﬁ1ﬁl§lter181l thay:benformed
quartz, giass and others. |t should be
in the samma&dtat@cfoﬂhﬁton&fﬁb? gl ckpingl s Basuisg the B@t%ﬁgf@ﬁstkmg and
one _skill ot
etchmgaf,g 3P OF ASIES ?’q%ié%atrlgg ﬁ deﬁ@%tﬁ? I%g gﬁ%ﬁ;\é é?%rtrféddaf%gﬁxgriﬁﬁd

channepiserMﬂléﬂr Iestonsd B@mprmnatwsthahth\aﬁabovfeas oabyaarpdmmphe ¢ apossible
However, it soulc{bea eci a hat aflw

methodcqqgm?éq a ﬂﬁx)gl qhanee &H? tgqng rng,atgr #1 pggameters

ng@gl 84 1%!1.' i ptical, square, rectangular,
andpchQ£ss€gb§ ehexag%naSl etc. Further the fluid

h
s BT s e SBh R B RSB R AR NS 05 o

specifié Qm@&ﬁrr&hfsciﬂ hiafo Wer@ESrsed tha Iﬂhe&ﬁbﬂdioﬁﬁm tiot ltrh&ed tou:hel dlsclosed

channel &gnd thus, the diapeter of a fluid. | % (P g
embodimentiet B thercopEamield is Misaded tPooyeoraripghmeniifalipasand supilar
arrang%ne(?l% o \9&18@9 ?ﬁ rehi88 tiRabkilBeitha IRt Ghele®ore! BE Q¥RLOS the

nensi on o er cross sectional geonetry channel s)
appendedlatian geuitbbeadcordedehd brondest mterptetationiso s ¢ eppmpass all such
rocesg* g ﬁ 8 cur ently on the order of 100 run)

modifiggliong aggy B m&ﬁVFﬁ [ 0050] One exanpl e of a

process to forma deV|ce structure, e.g., fluid

channel in a substrate (housing) according to the

present invention will now be described. In one

aspect, standard silicon/glass mcrofabrication

technol ogies are used to fabricate a fluid channel in

a housing. First, silicon and glass wafers are cl eaned

usi ng standard cl eani ng techni ques. For a
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fluid channel, a photoresist is spin coated on the
silicon wafer, then exposed with a phot omask
wa@ovadTiong the fluid channel pattern. After PCT/SG2006/000036

devel oping, the fluid channel pattern is transferred

to the photoresist. Etching,13e.g., BHF etching, is

used to renove SiO on the patterned area. Thereafter,
WHATSISHeL ABMEBtIShi ng (e.g., KOH, 40%-60C) or other

etching techni que, the channel is etched to the

desi red dept ; to be about 100 nm deep.

Hydr opgbbi c‘%’a‘%@}»ﬁgé\ﬁ"?"‘%‘?’ §Or,np%33, may t hen be

pat ter gpd andubleRdsdusREg hading an SRl BuFRA! §6d iR¥POFERe having a

devel oped and etched as is well known. Alternatively,
hydroghafii¢ peréien pad e dydrophilisdomion; nay be deposited or

ot herwi.se faqr, is £l U hannel in lieu of, or in
SLne! 5, LSRR Rt ER0ABhe ool vl
hydroghitit acfadeqattiorg vdisedin @ doandarget@Eer AL @k i@philRYandeydrophobic

formed in the substrate during formation of the fluid
surfacepqFifam congirgyns thg fhudhand presesis & wERiFH; aifhski ng and

etchingystag rols ' f | : |
o otndhu sa el PorlbDiledt SRIEL LRk AN ATOEERELLTE
curvafure gfitbeheniseusappr eci ated that the above is only an
- exanpl e of a possible nethod to create a fluid channel

and thgt other .additi.gnal .or, alternatjve materi.als,

par ams? ers Eﬁa dsyise 8@@”& é’p‘gh‘??ﬁ’?%r&eeﬁﬁ%@m?éc %Pééc? ad
hydrop 06 $hrfaRigogridrR@rd M¥psHel 8A shidsnResnraescri bed by way

of exanple and in terns of the specific enbodi nents,

it is to be_understogd that the invention is not )

limted to tH&dayisePbelan bnseapipdhe Srst ftyidinén eenieqt avifh a
secondl Flulg® 1 ntended to cover various nodifications and

simlar arrangenents as woul d be apparent to those

skilled in the art. Therefore, the scope of the

appendéd cl dherdevhoof daive | avivareiddlt fitseflbiddadesin contact with a
Secon&ﬁg%; pretation so as to enconpass all such

nodifications and simlar arrangenents. WHAT |I'S CLAI MED

IS: 1. An optical device, conprising: a) a tubular

housi n§. haviThgdevicé afidainsBirWigeein tigadedond G 15 Unfndsetble with the
q ﬂhg]\r/i ng a hydrophobic portion and a hydrophilic
st tion: b) a first fluid disposed within the tubul ar

housing in contact with the hydrophilic surface

por ti 06, WNEheHEyid DAIRGRS Yy RALHARN R AORlIohl fiyid is a
.. and hydrophobi ¢ surface portion constrains the 1‘Q ui (‘:11
dielecligpr groesduntingfluigni scus; and c) a pressure control

nmeans coupled with the fluid for adjusting the

curvatsre oyt Be, | 0B0f ci5HPs, wherein the first and/or the second fluid is

polar,

8. The device of claim 3, wherein the second fluid is immiscible with the
first fluid, and is selected from the group consisting of a gas, a liquid and a combination

thereof.

9. The device of claim 1, wherein the tubular housing has a symmetrical

cross-section or an unsymmetrical cross-section..
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2. The device of claim1l1, wherein the hydrophobic
surface and hydrophilic surface portions are disposed
worosadod nner surface. 3. The device of cl ai nPAT/SG2006/000036

wherein the first fluid is in contact with a second

fluid. 4. The device of clailth 1, wherein the first

fluid is not in contact with a second fluid. 5. The

device of claim3, wherein the second fluid is

i mi scilbl e Wihehlevice of clasi 9f Wherein the shiEipe addlor denaision of the

claim3, wherein the first and/or second fluid, i
syl RS B A T PRt AT dosaeiont o fubular
housifg.@l M 6, wherein the first and/or the second fluid is

pol ar. 8. The device of claim3, wherein the second

fluid is immscible with the first fluid, and is

sel ect éd. f r dizetdReicgpbelping Snwheseinthe smmelgigsg! crass-seglipriis a

and.a.c ination thereof. 9. The device .of cl]ai
memifh S8 F R R, im0 Ble oy on clt5ic ¥y Rl afd £ donal cross-
sectiofl] ARISwIEREhItRM@hbabI Yy BPBE hoBabndl AsS-ss@idn i8 o3 to 16.

- The device of claim9, wherein the shape and/ or
di mensi on of the symetrical and/or unsynmetrj cal
cross- d8ct i dmevaricesft gleimgyil of &r wheremgha fliishis sglected dom the group
N lear j Vi f claim9, wherein

cons 1%%2%3#%%% ﬁlﬁiggk? a%d}%g%rggﬁggt?(&oﬂ#&%gga nmenber sel ected

fromthe group consisting of an elliptical, a circular
and a pal ygdhaldevicosslenn il omheramdhevhgirephnlit lverfangrdostion

. f sides,of th ol ygonal crass-s ion.is,from3 to

includzg o Pl Sk B 9 3R B SH et S a O e

hydrophilic éhdtsl a8€ heelopHilicipeMnidiendéraup consisting of a gas,
a liquid and a conbination thereof. 13. The device of

claim1, wherein the hydrophjlic surface portign |
i ncl uddé a FAe&EViSE °§%%’é‘ét1e%fh?fﬁ’élﬁh? hidrgphaipe &l&??«gpéliql%js a
fi |l . ' [
e SOAIRO Bt SR R il

1, wherein the hydrophobic surface includes a
15.  The device of claim 14, wherein the polymer is selected from the

group consisting of Teflon, CYTOP and perfluoroalkyltrichlorosilanes.

16.  The device of claim 1, wherein the pressure or volume control means
includes an electrokinetic or a mechanical pressure or volume control assembly selected from

the group consisting of a screw-type pumping device and a peristaltic pump.

17.  The device of claim 1, further comprising at least one solid lens within

the tubular housing.

18.  An optical device, comprising:

a) a tubular housing having an inner surface;

b) a hydrophilic or a hydrophobic surface disposed on said inner surface;
c) a fluid disposed within the tubular housing in contact with the

hydrophilic or hydrophobic surface and wherein a boundary feature constrains the fluid and
presents a meniscus; and
d) a pressure or volume control means coupled with the fluid for

adjusting the curvature of the meniscus.
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material selected fromthe group consisting of a
pol yner and a snmall organic nol ecule. 15. The device
wobooclogdime 14, wherein the polynmer is sel ected PCDRGLI0&000036
group consi sting of Teflon, CYTOP and
perfluoroal kyltrichlorosilarés. 16. The device of
claim1l, wherein the pressure or volune control neans
i ncl udes an el ectrokinetic or a mechanical pressure or
vol ume 18ont ﬂ??)le dagicenbtlyins éB,eﬁm@dnﬁMsglﬁbthEry%gtu@ is a structure in
onsgi sti.ng of .a screwtype pupping device and a
Conta%émﬁgﬁshgll?r% S%‘?‘Fﬁ.o‘%i}f tufﬂﬁ‘ér ’éu‘g‘\ﬂncge of claim1l, further
conprising at |east one solid lens within the tubular
housi ngo, 18.T8Re@RE bE B, WRVIif e Hbﬁmg’a{zg?édﬁgse ifdludes a ring of
tubul ar housi ng havi ng ‘an I nner surfate; a
matertg) dispgssil londhoinngr sweophobi ¢ surface di sposed on said
inner surface; c) a fluid disposed within the tubular

housi ng;i i t:h the hydrophili hydr ophobi c. .
sur ace ana WHeRer 4! SUBulkaar oy B e RHITTRRS R ising:
fluid apd ppesedihg aalufdéwitﬁﬁtbsthb@&dhdil)sir%}ﬁ!ilﬁfgsl%%;%lic and

vol yme contro|l neans coupled with the fluidTor
hydm%*aibefs%t}f??@e PARIOBEWhrein @ regnischie ofthaifkiclis cogstraiies aleiouadary
bet il ; | feature is a
° Wegt; r%c:@gfag %lﬁlr? a\gfgg@g%o@ ][J\?\/lﬁt8 ﬁ&?%g%l%ﬁ%oen s agnlﬁi rface of the
t ubul ab) housdjnging20preddue: aevicd & HE fLE], ovh&bRING dtBe fluid within

baundary feagture includes a ring of material disposed
the hogﬂng,ﬂg C%/‘ %%W%FB@ O%ih?tr.neﬂs‘ﬁ@t hod of adjusting the

curvature of a fluid nmeniscus, conprising: a)

provi d2ng aTh Hethodi dflRlaim@ 1t WhLHAY th 8YSbPRoa ¥iRte and
drophilic and hydrophobi c surface portions, ereln

hyd : ! S\
hydropfil ke fréacs 0Bons pe disneser prsaidmwer wirfiee at a boundary
bet ween the hydrophilic and hydrophobi c surface

portioms; a j i - L.ied.to t.he
PPul o 7 Tt huBlioseland iy REERINE RuPRR 1l Fivdd iify: fous
one othdrhyé t he curvature of the neniscus. 22. The net hod

of claim 21, wherein the hydrophobic surface and

hyd j i f ' . dj d on, said
ner 2t o558 58 R e DT sPinche RRREE noCingioaiont it any

otherfididi d is in contact with at | east

25. The method of claim 23, wherein the fluids are immiscible with each

other.

26. The method of claim 21, wherein the fluid is a dielectric or a

conducting fluid.
27.  The method of claim 26, wherein the fluid is polar.

28.  The method of claim 21, wherein the fluid is selected from the group

consisting of a gas, a liquid and a combination thereof,

29.  The method of claim 21, wherein the tubular housing has a

symmetrical cross-section or an unsymmetrical cross-section.

30.  The method of claim 21, wherein the tubular housing has a variable

sized cross-section.
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one other fluid. 24. The nmethod of claim 21, wherein
the fluid is not in contact wwth any other fluid. 25.
wdb@7net’hod of claim 23, wherein the fluids arPCT/SG2006/000036
imm scible with each other. 26. The nmethod of claim
21, wherein the fluid is a dbelectric or a conducting
fluid. 27. The nethod of claim 26, wherein the fluid
is polar. 28. The nethod of claim 21, wherein the
fI u. d i33. selmemmmfd@ﬂmatlmezggm@w@m% At fcrdds@aStion is a
uid_and a conbi nati on thereof. The met hod of
mem@r éﬁl?ﬁt frogyils eronp cpesistingf acimpplas arrﬁba pelygenal cross-section and

tri

where2r¥ {oﬁsgs%hgdebg?lbg %5&% 03" tﬁ%&l&%&aﬁ&a&%&ﬁ?énﬁf 3Ct\%hl gr ein the
tubul ar housing has a variabl e sized cross-section.3
1. The3@et hddmefthodlofiadiu@fhg thbewrebturd bt Syideénisctia] comprising:
cross-section is a nmenber sel ect ed fromthe group
consi st of a.cir nd a onal Cr0Ss-secti.Q
and whet o) n Breadife ARG B N R A omarcrophifc or a

hydrofhidbiS stk afda 'b§uﬁdame§tu¥@thl@con§t¥amﬁtﬂéq{tﬁ9 In@hresents a meniscus;
adj usting the curvatiure of a fluid neniscus,

and conprising: a) providing a fluid within a t ubul ar

- housing having a hydrophilic or a hydrophobic surface

ond o BPUrORE 50 SR SEIREATE SO At 8r M v

the hoapipkj te dhhupetthe cdrvatueh, ofahe Meniobusre of the fluid within
t he housing, to change the curvature of the neniscus,

33. The_,device .of. claim 3 wher.ei n t he boundary
f eat ur 33 Ear%g grvics %f%alflh SHietrin thi Royngary fP"HH@rlS a structure in

contad? Wifha6e 1rﬁfer Elreack WbtHeatinIURIuSgg 34. The device of
claim 32, wherein the boundary feature includes a ring

of material disposed on the inner surface 35. A use of
t he opffcal Thededee of claimd%wherein the Hoondary featutetincludes a ring

ofnm@BQHﬁgng&Snﬁklﬁ&x%RBﬁ{atUS sel ected fromthe group

consi a mnl canmera, an optical switch, a

3s. A use of the optical device of any of claims lor 18 in the manufacture
of an apparatus selected from the group consisting of a mini camera, an optical switch, a
portable microscope, a CD or DVD device, a barcode reader, an endoscope, a beam steering

device or a light beam manipulation device.

36. A use of the optical device of any of claims lor 18 in fiber optics

coupling, light detection or microsurgery applications.

37.  Anoptical device, comprising:

a) a tubular housing having an inner surface;

b) a solid lens disposed within the tubular housing;

c) a first fluid disposed within the tubular housing m contact with the
solid lens; ‘

d) a second fluid disp;osed within the tubular housing in contact with the

first fluid, wherein a boundary between the first and second fluids presents a miniscus; and

e) a pressure or volume control means coupled with the first or the second

fluid for adjusting the curvature of the meniscus.



portable m croscope, a CD or DVD device, a barcode
reader, an endoscope, a beam steering device or a
wo e@hotream mani pul ati on device. 36. A use of PEOESG2006/000036
optical device of any of clains lor 18 in fiber optics
coupling, light detection oﬂ7nicrosurgery
applications. 37. An optical device, conprising: a) a
t ubul ar housi ng having an inner surface; b) a solid, )
| ens dB8posdewiring af ¢lhion B hbwherein o ssicoryd fleid igimimgssible with
theﬁ%dﬁ”g di sposed within the tubul ar housing in contact
i tH% he solid lens; d) a second fluid disposed within
the tubular housing in contact with the first fluid,
wher ei B9a baquedavive bt wReB7 Wigeréin rtsd fidnfuiide amidufd. ui ds
presents a mniscus; and e) a pressure or volune
control neans coupled with the first or the second

fluid #8r adjhaseyiagof slaine a.vuhgieia thy seeprd Hiis gpgussiple with

: devi _ . . i
L e S i e
liquidaindiarsofbinaroaro€gas el 4 liqwt. fluid is a liquid. 40. The

device of claim 39, wherein the second fluid is

immscible with the first fluid, and wherein the

second fluid is selected fromthe group consisting of

a gas, a liquid and a conbination of a gas and a

l'iquid.



