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SYSTEMS ANB METHODS FOR FUMMNG. CONTI NUOUS LI QUI D

COLUWMNS USI NG HYBROPHOBI CI TY CONTROL FEATURESI NA
WOLGRACHENNEL BACKGROUND. OF THE | NVENTI ON [ 008¢T/SGR@5/000130

present invention relates generally to m cropunping

systens and net hods, and nore particularly to systens

sYSHENS @zﬁmw@gmmﬁm GNEifpotsLioum
il
cobtNS Uit 0eD BT o KD LRy THRES N A
Syatom a'né“’h??gﬁﬁémt‘s@@éﬁéﬂmﬁs. S5 Qemand for
m cropunps that can deliver ultra-small vol unes of
fluids. Traditional mcropunps utilize piezoelectric
el ectrostati c,phR&ERO FlrpHErlNe‘}]ﬁq?-f@qagnet iC
actuators to generate a driving force for noving fluid
[0001]i NThé ergsemminydition\relates peparaky Mmmpxanphnglsgﬂbmeanchmeduods and

more U BV DOLE B PR BB o g bnious iquid

e
com ) G5h4 ORI G RGHIELS, SRR FRNPIRO s
0002} ST G s S e BRSSP B S bbbt
medicill divakl! rdrﬁg @eﬁj\l"&y Lostéhe aﬁ‘a’ﬁgﬁ&lﬂc g @&emb| thkdeal b @B®and for
I nposed by the conponents of the actuators. Further,
mlcropthﬂp@haﬂ ¢aes:tehqglalititraf$m§fﬂl volupoéscoft fhads. c"émdn@nphm@pmnps utilize

plBZOE?J c% g%&ft&ﬁ&%ﬁ%ﬁdﬁf Ll ar.?fli,‘gci, aqrngz%%lrétlé ch‘matggsgcg §%xf]er§te a’
drivin® 8586 fAMEUEH fRd Prthaplikp! FYWeVRE RhadHosBIRI#@d e]ectrostatlc
undesirable for use in systens requiring lLowp

actuaters igpipgly wAviTe pdigh &iviag dplrsesHiuserlibegbaye 00 éfPlls @Fld
therm%)n%llma E%gée %%g{:dﬂ r%lqi a\é%% tgﬁg&ﬁlygt?& %g'lé‘g Ia }eﬂgf EIEW electric

poweru sdaidmoxmllyppmpmwhmhnme teadbon® lacmammrngleslyaﬁnhmare also typically

nmpl ant abl.e nedi cal deyices, .chenic ana S.S
relatlvawobléky 1eize g eApRotipg ﬁ"e’é‘b‘%‘&?ﬁﬁ%‘? fpgto t&% EL%L%%( pize I ¢ Hmitations
1mposg@g§ chn?%’cﬁb Fl&v}ﬁfthé SctiatorsOBOHBES tlﬁet srﬁ'al e@f’\‘%ﬁéﬂ&ﬁn@GFﬁiqmd that can

are C punpi ng very $mal | quan
be puripédnsing ARG presentlysavalieble oy ia thesmgalmtfe few npnaiterdént).
m cropunps that overcone the above and ot her probl ens.
[ooosfu e RYBRS 3O p #b £ 4 Bh QWIS SOt Rloh 8l chiehisii® GreQfndesirable

iquid in the sub nanol i ter range. BRI EF SUMVARY OF THE
for us¢ MMVENERGNequiring low power consumption, small size and controlled delivery of

small quanta of liquid volume. For example, micropumps using these actuation mechanisms
are undesirable for use in remote environmental monitoring systems, implantable medical
devices, chemical analysis systems and other systems which need pumps that are small,
consume less power (e.g., operate at a low voltage) and are capable of pumping very small

quanta of liquid volume.

[0004] It is therefore desirable to provide micropumps that overcome the above and other
problems. Such pumps should also provide controlled volumes of liquid in the sub-nanoliter

range.
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[ 0005] The present invention provides m cropunps that

overcones the above problens. In particular, the
weonresans4cik nvent i on provi des systens and nmet hodBCT/862005/000130

punpi ng ultra-small volume continuous |iquid colums

act uat | on 1 odtuiEs DY AESROE GER NN TR BB e Y
[OOOS]f‘ﬁ g‘ﬁ% gfleg&t RQehlibn fcﬁ%@{%lfﬂg RipsWhat Feffofifed Mt bove problems. In

es a m crochanne rmedin a substrate. The
particulirg fhregheeneivemixnyttesidas gystanad andymethodd e prowng wlig-small

| ayers or_electrodes with other geonetr; i thi he
volumgrcentgprahHewd cAlEsTAE A 4 g ga“é‘g|‘°89‘éﬁ%ze‘ﬁ?ye£%@i‘?i)}"éﬁ¥
aﬂuﬂﬁ%ﬁ%¥§§£hyﬁk%ﬁekéggﬁ“yr a layer of self assenbl ed

er or ot ydr ophobi ¢ substance that changes
to a hydrophilic state i.n response to appl. ed ' .
(0006} oAcagiding 1 Ab Presid S YRBHED, BRI PoidsR FaN I hgnel fonmed in
erhal ; f ARIEP Qrayetrodefihgea lectrodes with
aﬁ““ﬁ?%r?%%é%?%”?@%?%ﬁ@ |nté?ggg?§ed begaeen ﬁyﬁfgﬁﬁﬁ?iJDf
other §@@iebiis wigih tiecimbyrochapode dAeyaatmglil¢dtrods ldysrs areovered with a

mat eri al or el ectrode r.i | ayers or, el.ectrqdes w.th
fluoropelygrer ged HEET @éﬁ;ﬁff el SR e BT Fop DRE SUbstnce hat
changg%@feag%? ¢ G SosiBisd 1BGhYggL s 18288 061, k@6 @Blcovered by

e exposed el ectrodes in the hydrophilic
fluoropelytran satddtud or self dsserdbleil mivinelayiee defirer loainentnbic weakmns igerspersed

hydr ophohi ¢ r.egi on, meni sc f.or ned 14 1s ,
verweg) BYBRPBIC P i R DERRE abEpbitd of Becrode
ring 1%&%@&%&@ with %tHE%r ?,é&ﬁaﬁeﬂ ethéeviepareledirddeain thegiydrophobic -

plication of a voltage signal between the flujid (via
regiommmayinokidd thel seuteras deffergnidmetsnals 26 dhe @essdelegieodes m the

hydr ophobi egi Qn. ) pal: oo
e B HEs ST iUl BRI £ PR ephalic esion o
menischefeR¥d 8l g ié pevemed setspropaghtingeue od trerhydforftiobicd

behind it, to propagate past that region duye t? :omal
propersisgiot Raayicreshiass] Tuort BRESaREER| ABPLFUORELE volege signa

Ny gro b | LY . . &c region
R A A e e
causeByHEN@Rgdobictrathyarooptiaying thuylecods to Yeaekethydiapgilic, thereby -

T NIRRT A A
capill%@rl fRfdesC 18R eféb%n?e?in‘é'me ﬁéxt:hiyaféipﬁolﬁb &é%ibﬁ,&h@ afs@6hs is again

ective application of vol fage sngnastothe, .
preveaied dtam gepagatingo Teaagiov dhat ys shanasi drane iy dieghapip dpgydrophilic

for ontroll-ed.rate.of. fl ow of Ig
may 980 PAECI By A G SReioahaL SRoprt i PR TR A ne volicge
signal Bastheasedl REBSRE, tRis willITHa0€ 66 kaegteh thavolgrrofdiquiditiar has passed.

cross-section) and properties of the propagat bng fgu[i).d, .
Selecize goplicatigrobyaliage signsls to therrlpcodewny @PETLENe gy IHoRaoDIC egions

o S S35 30RO PP S REE B Pl s

microchannel (e.g., diameter of a microchannel having a circular cross-section) and

properties of the propagating fluid (e.g., viscosity). Also, controlled reversal of the voltage
signal can be used to controllably revert the region back to a hydrophobic state. This allows
for-a hydrophobic region to operate as a valve after fluid has passed; reverting back to

hydrophobic cuts off the fluid flow.

[0007] In certain aspects, the micropumps of the present imvention advantageously do not

employ actuators having physical components that would limit minimum device sizes, and

|2
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for-a hydrophobic region to operate as a valve after
fluid has passed; reverting back to hydrophobic cuts

wofbostihsseh | ui d fl ow. [0007] In certain aspectspPCrise2005000130
m cropunps of the present invention advant ageously do

ver e AT ol R OB APl
mmla’fﬂrﬁbﬁ'&kifsl Al s@@fbyﬂl@éjhlfnﬁﬁtléﬁk@nﬁ:@h@hﬂbﬂlagraphy techniques (i.e., the -
appl i cati on. e linmtation to mniaturization is only

small¢sirfesturd sizg thaiean bnﬂpﬁmdowssng eurcent dighngranhyiedmaptey). For example,

[ | est feat.
ifthe [ERgEiaaodsss figddh PRAHHE Y ivronraBHs Chells frdBie B nanometer
(nm) REAAEY, ehenithe 6 of FdahR& SRRY PRAPCAISHAASEheloRd dFRIfla P Fundred
m cropunp i s capabl e of defl ni ng 100 nanoneter (nm
nanorhedensurigsen wsiem 190 Sthographyf eaump escoflingte thrpnesent invention is

capab{fGy BER AL E AGHARER G SHELDth ISE AT HIaHG iy §hepmps according

to the@;'?r@s%ﬁﬂﬁwbﬁt%ﬁlnédn% uséd EApakp Gqfd @ﬂﬁm a5 %Qb%\ﬁ’fml or greater
I'i qui ds as snal asafewattollters Furt her,

The vaha;gm@qwged o mman bq@éemmg pﬂmmitqddeMIhObemu@ewaﬂon features of

anta as as a f I,

the prigHR ettt Al Hi ety B ndP el U Rsn e TR Rl g et an

extrefi¥§nenhalesi (eYe. a6i Mabkd@n of edtwnes’ f mhhs 1pwegent :
i nvention is advant ageously | ess than about 20 VoI ts,

[00085 Irie 0061}'/1%#1%& hgﬁragﬁ&ﬁ?xt)%%t@ﬁlo%éh{l?z@? s%c%\%r?s%rf dnvmg force in

the m[c@@@ﬁi}o ihige. CDINdrefokd, @uinipy deapbinlyito ithey/prasdn aiveation do not require a
utilizes surface tension as a driving force i.n the

dedicgied REIADR SOTIREIRENE A0 TOT Bt ATh RS &S alR e RITRRS lflelwiﬁén in-built

dract

mete (ﬁ?ﬁ%@ﬂxtre fhﬁgﬁ%ﬁﬁ] tdjﬁﬂ?]rﬂ}g tg Pg%lg%?eggfgg‘lé?i gt ﬁ(ﬂggemﬁ He&ksBfed volume

can be mjbmidé tcalve mrthb wngk offetfew lrm@)hlitemttu rdewhagblitess. UElm‘ pulmp design of

i rpum% a neasured vol une of upd... Thi s asure %J

he PIESERT v eRHPR REESERLE & DRY rpzﬁr({/ﬂ@n &g: V1 r[fséz‘gn an here ore also
pr eseﬂ@sl |\‘aHe¥ﬁﬁleWa®hE§t%xﬁt Rk bk Bhfle, ‘Eﬁ@%\@%ﬁf@g 86 shp@bn and low
present invention presents a new nicro/nano

vmtagd qun em glt@v ot thegepimgps make theat efryréTantiye Igrrappbpatwpng that require
var i et ew applicatjons.  For _exa the | ow

an uhﬁ%WélP] ﬂc;&n @ﬁ’g}fn‘@ﬁ]lch\ﬂp vste aéé? "égﬁ }tg%ment s of
t hese urrps make them very attractive for_ applications

[0009] hat cewsdineie canasreetef the HivVAD U ATRICGORARP SUtpVided Bt typically:

mcluc%e%%é@%ﬁ%P%?h%a\ﬁ}é%\ér? ﬁn%g Smf:{cgoagla]deﬁﬁﬁlgragl' % 513ﬂ1g5]?ﬁc§>tagahon.

provi

The rhigpipaby alsd f}@ﬁdﬁd@&](ﬂuddsm ﬂis‘cd&iaﬂmde rﬁrsgwﬂm;gmaaﬁ oh iresinner surface of
surface and defini.ng an axis of fl ui I on

the flygdshaprghgrarddhe 55 @aﬁepg)/nq Hertrisring dispese @F@&% WBG%SUT%C@ of the
fluid E%ﬂﬂlep%ﬁﬁﬂéﬁn@ C?‘%Ehhtaﬂ?a ﬂ;gr@?f)f Mrgﬁg%effna%‘ﬁl 13 éﬂaﬁrbng the second

annel "aroun e axi a seco ectrode ri
electidiis pinge dpon appBcationer asuitbgee the s¢dvadfelasirdde hapbe hydrophobic
und t he Cf}m s,. and a layer of hydrophobic materi al

matelg‘g}g%eF%VP%}@y prubiecond

[0010] According to another aspect of the invention, a micropump is provided that typically
includes a fluid channel having an inner surface and defining an axis of fluid propagation.

the micropump also typically includes a plurality of first electrode rings disposed on the inner
surface of the fluid channel around the axis, a plurality of second electrode rings disposed on

the inner surface of the fluid channel around the axis and the second electrode rings are
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el ectrode ring. Upon application of a voltage to the

second el ectrode ring, the hydrophobic materi al
woeownasichydr ophilic. [0010] According to anot RET/SG2005/000130

aspect of the invention, a mcropunp is provided that

1mersgér§¢cia£§%%&h§§ﬁr§§%ﬁgﬁé s slearodqarines. rbplaE: PN ebic
materéafl é)gia){]) 5@% 3 Icﬁ%e& 'quéhloge LREls E&%a@al@xﬁﬁt@gggﬁﬁ c%fthof)icra%ﬁ

ngs di sposed on-the inner sur

hydrophilictegibanaelenasauied aloag aixd axis. aUpbmi amihcayom)bf seclapt to a
el ectrode rings disposed on the inner surf

Al
selectefl gnel o srathprsiond elsaiiade AegsathedyARPIORS T8RED ’é?lé}S‘PE Hfeselected
s areinter rsed between the plurality of the
ekwh???ﬂ?”&ﬁ@bygmﬁgﬁ%ings and a |l ayer of hydrophobic
mat eri al overl ayi ng. each second el ectro%e ring suc

[001 1] haWhab e dluirhisinigpentar oW Ishanmsh @ AERRAORI szerrpéa\”f@i‘ﬁsa meniscus
d u , .
rormdfy BN DH S tpieP e sEe ol AT AR (PR QR b oo

secorld dMiSrodt ke g Ayd tephehoshobiv materih] lweembaiydrgphihie, capillary forces
sel ect ed eFectrode becones h dr ophi Li c.

3 1] Wen a
movefuhg iepnissugpass Bereginn defingd by é@?ﬁ%filal Oéefrll)%ﬂﬁﬁ Sefopd ring. In
]l a
conal Bl ORISR TELERUE SRS, ReohdBel bl o
fluorgdlphieeshch@s € EEOPbd Tellet t Albdginrdertginaaspledifghituidarbhuil ¢s formed
mat eri al becones hﬁdro philic, capillary forces. nmoyv

ina Si!lh@r%ma?@@‘s%a@ﬁ S5 OB BIEE SR 24 Y LT et

plast el ﬂ%gcérﬂﬁ[cfor of %Ih‘éoﬁdd%%r ok Bitee his@lafedapRRARS, the
rop |c rraterl a over | y| ng a second el ectrode

|nclude or or,
[001}17° 67T e Behe ps o P PaBERN e T2 PEgkEls pigfed for
dehv@HQg E&rﬁfoﬁe@%%n%ﬁh@'of SMED Bise 1Bbthb€ Opicasiyl ih€laBeddduplifiga fluid source’
quartz, glass, or an insulated netal, plastic,

to a fiid chatmel bavicpmdmoeoyurfce.sui heibued chrmet degipag an axis of fluid

prop%%aﬁg;}? tfg? ﬂ{,ln’ﬁ]t ﬁ%lpxé é}# 98]3})\2/110 Iﬁgsga( Igllupaq]t% g rsft gfe%!r}g(:iﬁ ﬁn%s disposed

on tHeQfind@lifxRId Mg @RRhelairbed hewkissplafality of skcofideleneodrdngs
typical |y i ncludes coupling a fluid sour E to a l dd
dispesid an dhe iHagi Svefasmof the changgt praupd s a0Rdhe pesiogd elecirode rings
n : afd PD1aydNEF hydrophobi
are 1RGP B s ot B il e RleaBAGRLIOMa, 88 hydrophobic
mateghBetdragiageatigsccdid plesiedieamg dveh ithet el ematif gbpdrophathe and

channel ~around the axjs..a plugal,i 0 econd .
bydraPBE PP o U S GBI U e e PSR ogneps The
meth%ﬁ%‘ih%e&%@él ﬁh@m&a@@ juﬁg%ﬂagelgeo sazendivelsertlca@aes bMNGS second

re 1nt er sed meen the plurality of the first

electeddeaingsde as inggsise ‘é:mdlydl dphglic nufterig] OvepRGDE Ee-scipgted seegnd

over | ayi ac e el.ect.rode ring.suc
clecideaiiiats R MFIPETOBNG SHRCEn g ar b FS M DATE Byidn the fuid
chanaBGe 5?%%&%@ f¥nt PaRinkhenyidrtindbrhegiog! ardl wigeinhapility fecks move -

axi s:
the meniscus past the regions defined by the selected second electrode rings so as to move a

“volume of fluid defined by the number of selected second electrode rings.

[0013] 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
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nmet hod al so typically includes applying voltages to
consecutive sel ected ones of the second el ectrode
woiRngs1s4as to cause the hydrophobi ¢ materi al PCT/SG2005/000130
overl aying the selected second electrode rings to
become hydrophilic, wherein a neniscus fornmed by the
acconfpapying gravhest uthe davuingsl ikesepreacemmatbefygfcpeddemipahor
h ophehi ¢,.region, and wherein capillary forces nove
ﬁnmﬂpﬁ%%éﬁﬁﬁ%ggggg ast the regions defined by the
sel ected second el ectrode rings so as to nove a vol une
of fluid defined by the nunber of selected second
el ectrode rings. [0013] Reference to the remaining
portions of the specification, including the draw ngs
and clainms, will realize other features and advant ages

of the preseRRIERVEESCRETIAN OFcFHEL2R4MEN G

,ad of _the present [ nventiaon, .as.well the .
o014y 184 AP Bafesoh el PR =Dk A8 AR Reited 34 Hojaputar crose
sectioRTBResYhahie] @B¢droig téble B@bedinkad i n detail bel ow with

respect to theacconpanying drawi ngs. In the draw ngs,

[ fiere | ndi gate | | o .
0015}, HECHETRFRS, DUPBSLE, g%yl ARl hing i cranme
includihE ndRAMIE NGBS 2004 #Y drbpKsbid and hidkbplilie Seplouid Mddrdih@sSthe presen
) of a punp design inplenented wth a circul ar :
mvengpysssecti on m crochannel according to one enbodi ment.
[0015] FIGS. 2a-h show side cross-sectional views of
[001 6| UFXEG. [3rie pabatdgngphi of sidefhew of e Hfamivated puohp eécogding to the present
. mul tiple alternating hydrophobi c and hydrophilic
mVvenfigRi ons according to the present invention. [001 6]
FIG 3 is a photograph of side vieAV of a fabricated
[001 79 unplG clcshodisragpetios ohmapshetstaken oftba puop. in[I6G17 wWhehGetively
shows. a series of snapshots taken of the punp in FIG
pumpéng,ﬁﬁlﬁl. actively punping fluid. [0018] FIG 5
illustrates a process flow for fabricating a punp
[0018 halike|5 Beslsrtey nprocesstiinay ﬁrréfémﬁatmﬁ\amm%!anpd@fgqrdmg to the
. .shoLvs a side view of a flat rectangul ar
preselgtflg}:' r?% é formed on a substrate and covered with a
hydr ophobhi c material. DETAI LED DESCRI PTI. ON OF THE
(0015 Mﬁ@mhommﬁe WP of £ fig rerdanetas SIeclrre (Al ape Bibsigate and

cover@&'%t}gﬁg%ﬂBPﬂdmé 2d wWith a circular crosssection

m croc nel according to one enbodi nent. The punp
i ncludes a channel 10 (fluid

ETAILED DESCRIPTION OF THE INVENTION
[0020] FIG. 1 illustrates various views of a pump design implemented with a circular cross--
section microchanmel according to one embodiment. The pump includes a channel 10 (fluid
channel) formed in a substrate material 15. The flid channel 10 is in fluid communication
with a fluid source (not shown) such as a liquid reservoir: Fluid from the fluid source enters
the fluid channel 10 and propagates by capillary force. As shown in FIG. 1a, at least a
portion of the fluid channel includes alternating rings of hydrophobic and hydrophilic areas,

or regions, disposed on the inside wall.

[0021] FIG. 1b shows a cross-sectional view of a hydrophobic region of fluid chammel 10.

The hydrophobic region includes a layer of hydrophobic material 20 overlying a conductive -
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channel) formed in a substrate material 15. The fluid
channel 10 is in fluid conmmunication with a fluid

weawstes4emot shown) such as a |iquid reservoi r PEISGA05/000130
fromthe fluid source enters the quid channel 10 and
propagates by capillary force.

electrede 2% get, 4l poPt ¢lerirasies t E@l#hy@r@h@h%%ﬁepn che P ag 18 Become.
hydroﬁlli ég i)?/aatgi:)ﬁy?ré% i'arg%%ct%f ﬁIEY(fch?%JQ gtﬁgiehcﬁ%rlfé@ t&;nhéﬁieath th? :

i sSpose I NSl

hydrophdbic hiatGROWE] theCTias Sir aem]qm)alme @uhak oanﬂnycniwe paﬂx.mb'lodes 30,
region of fluid channel 10. The_hydrophobi

e.g., Anal Rjto%e:t@dbawe@ alg$ p%ﬁ}@@@éh@ Biecchaprd optpdethe %rrouoi}m@ areas.
Theseaé;%ﬁr Q)Bﬂeﬁ bect f 102h535%§ gbare%lf e%ct)fﬁ e?écﬁgaésoﬁ? 2nd can be in
contadWREPR E‘l'uid i 1y ﬂ@ﬁiﬂlﬁhﬁg uahkeihe @ldetrodés ﬁh the hp&@pbdﬁiﬁc regions,

el ectrode that |ies underneath the hydroph§b| c
whichrae emfaﬂabbn@mpietem widgmepthdydrapdpbicdayesiar Biuggf- ¢ln one aspect, -

the elgq?@%gla & 8]%'8? th%gy(?rﬂg’l%(@ ais Qc{teﬂo t‘ﬁL:?SElﬁQg fiminal of 2

anne outS|de

powef‘éﬁ% HaRE ehetexBBed cli@ae 80 escddrmdﬁsd &0theinkepatbe terminal as shown
r ef erred to herein as bare or exposed el ectrodes 30,
mn FIG@ni@. can be.in contact with a fluid in the fluid

channel unlike the electrodes 25 in the hydrophobic
[oozﬂ%egmeﬁ ﬂgymislqﬁe@hﬁnphe?eﬁmmmmwdemlo}umegmnrwavms a
ydr ophobi c ers-or_ firms n .one
menweme Sopsddbyabe ik PR den TR BB T G pespgating past he
&t t HBoRdegftin RrRAWET dm@bm When a
Ieglo e% Iﬁ)gvoé%ﬁoseﬁg?%g?ér/ocﬁrggo 'S ecor?nect ed tyo
vo}tagkeg gﬁal\iea}tpﬂremb&aifeeasthsﬁmﬂn{wamn%lhga sﬂd@lec[tmdg)zqnd\/ﬁhe ﬁlectrode 25

fl I d
under,])étag @ﬁs y gﬁg}g\tc 5(%3?@1%1% éililt% 10 g'xqgg%n?]hbeco 2k 8@&%@11210 and the

fluid eﬁ%ﬁﬁ eg}egéga%sqg g@n%hﬁg ggﬁgﬂggﬂ? gﬁtgsg fn;égﬂs mwﬂca@ ayirgheiss region, at

whiclhpaind ﬁ’woherusmgss preverdedifron mys:ng) ewbmeélmweﬁm sjonstrggeesating.

The f@.} g&%}iﬁr%gg%ﬁ{t‘%?%%g% PSE afg LIJ'_#'] do 'ﬁd%ﬁaﬁ&ﬂgﬁ&%y gets nd of

any uﬂﬁ%%%&bﬂ&gjr@d%ntﬁlhﬁemwmphobl c material becones
hydrophilic and the fluid colum propagates in the

[002%] Fg(%%q%%%m%dg‘grogggéclno %11 VIBE! o 118 cBRXn 4 91" ?QMQ]'gQH a fluid

e Neni'scus Is preven from
chanid99iinguaing nhﬂi‘lﬁpfel aliethating hiydrosliabps apd ]aj:p“hg]dnhm ge giquseaccording to

the s ADRRR eabry gk bled B ol ta b im0 oventving
an elgc%tffd%%%k&&ssh%%sﬁg n@;ﬁ @ %ﬁﬁ%&%}ﬁm re[g@&?s:’a]re BéfneddyBinevegions not

Cross-secti iews of Tluid colum 40

coveftiddpyegaydroghdbic mafelrial. dExpoaetheEctigies AQ |3Imlpﬁ§e‘i}ﬂﬂ Tth|e§1|yér0ph1hc
caieaiats " MESEhoRic A Bk SO S cn. o i
is préf@lgé? it ﬁﬁl%ﬂ@%&%@d BichdiRes By be ppRGBhed thrdJu‘ghBGt the channel and
mterspersed between the hydrophobic regions to reduce the actuation voltage needed for each
hydrophobic region. For example, in one embodiment, exposed electrodes 30 are
interspersed between hydrophobic regions so as to form exposed-covered electrode pairs.
One skilled in the art will understaﬁd that differing numbers of exposed and covered -
electrodes may be used, such as one exposed electrode for every two (or more) covered
electrodes. . In such cases, it may be useful to apply-different voltages between the covered |

electrodes and the exposed electrode depending on the distance from the exposed electrode.
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an el ectrode 25 (not shown in FIG 2), and hydrophilic
regions are defined by the regions not covered by a

waypdicaptelbi c materi al . Exposed el ectrodes 30 aPeT1/$G2005/000130
| ocated in the hydrophilic regions as shown. In one

v i o
with a ?ac'i 91 g(}%et SvPRShE Lrﬁféﬁ dhatlb 6%@%’1‘& chd@eLIPRReh pﬂf}‘ﬂgatmg in

e Sp e ween’ t ydrophobi ¢ regions to reduce

‘a hydﬂobﬁﬂﬁ&’eg@hl @he\t@hﬂaﬁtg&gﬁt&ﬁﬁﬁﬂmﬁd by clacinehydrsoisiol fonction of the

regi on, For exanpl e,

b
L

o TR 5 L RSB ALo 030 5 coio
betwetl fREAT108ph ¥ RO adfzﬁﬁd Wlmanethe themisect M)dzeshcmseyhymopqu region
such as one exposed el ectrode for ever % !
20, tho gveaiees 8 Sewretad Angach TEASESIo e 11%&&‘”6‘8 B BF g ghanne
10 as gll%g)\é%( aEld eRe 31‘1}1%9&&&9 %ﬁ%lg%%"i@ ERlch®yIRY &irBe tension between the

r'odes "an e expos el ectrode dependlng on the
hydroghstianagadd, am flié aad }rmszﬁﬂatehenﬁafrm bet024}ihe hﬁi;oph@bym region and

oo s e s 42,50 sl DU
memscﬁg ik gp Qlentb@!d iy Bﬁoyg?éghr{g Higgk §hanRgine Guiiieihe roliemes of the

|ng ina I'ic region. The con
hydro@ngbxe hétefigrinelt bydropiebiemgmaushsiBnibs sgerf, dinemenisces changes
the interfacjal surface tensi.on bet

f
betwasa TGRS HEl SUPTAL 810N OB TR HAnY I Edting or

d Evit@kdon gas or liquid in channel surrounding
hel]%éﬂpg §§ énd %H% surface tension between the

sph ere and surfa When. th

[0025ﬁy 3?8 ﬁﬂ{‘% éarpgag%a fn g gﬁmetrﬁeén%% gsé %Q bgg‘}é% raé&ltggggl fgl rﬂay be
apphé’d‘QJ t%e%@:cfr@h@st 1V d 3D 4shBoi e F1Gadd 1 dhbngenthis H}tﬂrﬁbhoblc region to

channel 10 as shown in FIG 2b. This contact g
a hydrepHibe stets. Hyparmerpligetiancel a eliepe - Het Wb Dy fop Sl Sniteria

h S

overlpz%xtg g? afgeg%r d lev\ge é%c% (Se %Rgré)&%}gih b%‘?{;ﬂftgg?%%hg %%atm ?H?pagates down the
fluid thHxﬁD hqné ?xlaglegcbrgigd ;Tﬁm d(;iﬁtﬁicswith tSinnamndalishefshe flaid channel -

colum o ui nd t meni scus, is e :
Changfrsdhéeﬁp bRt RYTORMINGTTY Of R B HEE ShOS PhF (A, Afer he fluid
colur % Se@fa Itebi%nhﬂzgr\%@ﬁ%éédrf@taﬁ)ﬁﬁiphilfh dtht€ may revert back to its

rop | c regfon.. As can be seen,” the neniscus

namrah}ayrgeﬁhdfm wa‘en I%ovwmcavearamib@kde rﬁhfebcvq@fpwfqbpcestate will have little

de end| on vvhe er t fl n r
or nokpﬁ)e&t Ry e(iﬁﬂﬁiﬁ? 8 %]&I cgﬂxrmr 6@ fu!: pr%g psglégt% gas already
pass fﬂ'lIshl%FfS%n TR CEiFail? @%ecishﬂﬁ ﬁoﬁ@%@ibph@d V@ laﬁ algen@degminamy turned

e applied to the el ectrodes 25 and 30 as shown in '
off oFtaSersed after prargseofithe wenipeisoTROLIEOWIgF Hif Fyddlow mn channel 10 to

be cc&%%ﬁlagg\;!hl ﬂé‘ta%%f, 1&\%#\"8%?0%?‘2% ?xt g%? ggéenr]?ly A %otxﬁ%%rtmg backto a

hydrEpIRLE ER Bt B8R TBSVill kAt 6 MIuid flow 204G ﬂehﬁmﬁﬁﬂd:muﬂl form at the
dagai n propagat és down the
hydrophobic-hydrophilic interface. Unless stopped by another hydrophobic region, fluid that

has already passed will continue to propagate in channel 10 due to capillary forces.

[0026] .. Similar to FIGS 2a-d, FIGS. 2e-h show the meniscus 45, and fluid column 40,
propagating further through the fluid channel 10 (FIG. 2¢), encountering the next
hydrophobic region (FIG. 21), which is selectively converted to a hydrophilic state (FIG. 2g) .

to allow the meniscus and fluid column to pass (FIG. 2h). In this manner, propagation of a
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fluid channel. The angle fornmed at the contact with

the inner walls of the fluid channel changes due to
woheos(n®ad hydrophilic state of this regi on asP€iSGRONSN00130

FIG 2d. After the fluid colum 40 has passed, a

ion_that was ed to hil i tate may.. ,
ol R BaicRe oI Egr#g{tslﬁlﬁaﬁwq% a&g@‘iﬁ% el S gp of each
a
i RIS i syl SeuRisonloni, ot okt ol
contirubas flbasof[faké esh BSpIEhBe]IYB:Dn’SclﬁSi a415 mlag)edl rﬁeladymp a@ge #luid such
this region. [n_ cer pects q)vo ta g§§5 ofthe
as watep Ohp SeiUEen Péa@nw o N’ﬁ&'ﬁﬁeﬁ TR SRS PP

nOf the neni scus This allows for the fluid
preserﬁlq%\\?veq?ln channel 10 to be controllably shut off at that

(00277 ASHRInE B¢ BT, e B NG T FElbiFTg AR includes
coupli%g;br Auill BurRndc a@%ﬁ’ﬁm%s%ﬁ%% Wal fluid @ﬁéﬂn@t ad ®#&cribed above. The

ophobi c- hydr Ic Interface. Unl ess stopped by
fluid énahélencihdey mphmb:r surfaegthandefidesianl aisatf sk propagatdp. The fluid

passed_ wi_| | contlnuetog c?late n.ch neI d’zl g" :
chanr@bgﬂ)pqagyynq lydesgane qr@@ng]e posed &epire nqgg an fhe b surface

¥ baé dneol 4Qn th q
o I KT (Bl Sy 0

surfa@ayf, the neomet sound th‘emumbth a bayer @ﬁkwbmdlqb@;glilﬂéWHGMGﬂa}’mg each

i T T YR T

1nnertsﬁrf&§;5§e @Féf@ab%mydrg)bﬂlm SIf FRIHISE expdsef@betrodes M€ included, the
acolumm of flui'd can b e controlled by sel ectivel

y
exposed rﬂac@ioﬂemgetmée@bm wtcrepfersed befvegen itemplygraligyehcoveréd electrode
hob| c re n nt f ,
rings E% &P E“ ﬁp%ﬁgﬁ%@}q od %&ganaeexreﬁgjt\@%’ cc%:\%,ﬁ%dl ér%%ugﬁ)g%g lﬁ@laﬁé@: a layer of
hydrdph¥bié 18 aeriBeoRriass é&h}éemﬁtel@trbédnﬁglchlﬂammﬁg hym@hpbm and

an |on|chU|dsuchasvvater or a.solutio long th
hydrapilic xpaiasts aF e enconnisEtY 1Yl PERIERMREIVH ﬁnntg t%ﬂé %@ﬁﬁgﬂ along the
axis. Oz%{)%%? b ?&%{gﬂ mgﬂﬁ@ gﬁﬂcﬁﬂ thd ﬁ’&%@&mﬁ&@ ﬁrﬁb%té@ﬁ&ﬂ%assmg the first

nping or delivering f
hydraphobivdegiondtgtdongtess. f | ui d source such as a |i qU| d
reservoir to a fluid channel as descri bed above. The

[00252I l‘”l"ﬂe W%lsé Rpldafls $nchities ﬁﬁslfmﬁlﬂoﬂt@g@ tb kahsedefiver@sected ones

ui d " propagati on, | ui d channel
of the yq@onmeleptmdehugtebegnmng withohe CEQ@W%PW}%"hF igfs
osed. on th i nner rface, of C
hydrgRROBIEACGI 19 4 ORI PR R KRN Gpe BB ied seoond

elect@d@@ﬁ%‘%% Bélcdrﬁ@h}?&ﬂ;ﬁ{lh@ UCERD&yTbrckhimorh &mmbmammqudt the regions
the axis with ayer of hydrophobic materi al

defingd byithy seiectedistsond el@myo@ TEEs 58 @21 WAYS 2 TRBIREYJhug defined; in
part, lbﬁrﬁhg% nﬁxﬁﬁ%r%?ﬁse%g ged|tor et er a%ﬁggehﬁggsqo \&ﬂ?}é 5'\76?5%?[}5 %Pp

Depedfisadielreelandesemicns dfcﬂwmiﬁd ph:tﬂml e]xepﬁsleldvolume dehvel ed can

el ectrodes are preferably interspersed bet
ranggframadie g a)fexx(;@ig@ﬁ@g up |t@%llpp]ét@@ na%ohters ml?hl\l\{%rs etc el“he fluid flow

can be stopped, if desired, by using an integrated valve or by cutting.off the source.

[0029] In preferred aspects, a fluid channel is formed in a silicon substrate using standard
photolithography techniques. Other useful substrate materials include an insulated metal, a -
insulated non-metal, an insulated semiconductor and an insulator. Specific examples include

silicon, silicon nitride, quartz, glass and others. It should be appreciated that other materials.
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rings (e.g., one exposed el ectrode between every two
covered el ectrodes). Because a | ayer of hydrophobic

waorbwmriisde4 over | ays each second el ectrode ri ng, PCT/SG2005/000130
al ternating hydrophobic and hydrophilic regions are

os wogliEhraeebrorr i & Bt B i8ed opue smist fpioegiae to the
prese%;ﬂn%}ﬁhofn gy ﬁa%@aﬂ&ei cithlRTRYE %as?bnf A RAS R ré]Qaﬂ R in FIG. 1.

iT st ic region it encounters. [002
Howavet, I‘ioshoaldslme appoeaiatbd yhat ndhuidesnagphay hngzem&tme&etmmal
consecutiye sel elct ed ones. of the second ekﬁgct ro e‘
geomE{ry §uc fﬁeérﬁﬁﬁlﬁa ewPYH oF GEIPECEle 846k I HIE dEieR S A hexagonal,
etc. Iid?gne? 'tﬁé Euﬂyéiilraﬂlﬁ’éi Oh bR s PE 1SS0 ﬁﬁe%"f’zﬂ%ﬁslor@esmtable for the
hydr dp Ic naterial overlaying the selected second
particalaeapplickioni Fgsextampiecnmee hychrlax;oho$smmt16iamnbbdnment the fluid

forces nove t nmeni_ scus p i ons defi.ne )
channef Bassaligpied O 2 ghaitid 0B i of g Iﬁhlef@%g %g av%rgcwdﬁwégédwmeter (or
lt4TEn t 4B liﬂiﬁ’%d&iu
relevéﬁq dect esgénséef{cdg%% Cq%fecs{é r&godlgl ?dri:lgés}% % lgh ag VO tagen fosthe bimits
of phatphthogohpy@eomssingge on ctuhentlyedretha otded iofib0G hoN sp b thdw@m or cm
fluid channel, the fluid volunme delivered can range
Tangs rom one or a few attoliters up to picoliters,

nanoliters, mlliliters, etc. The fluid flow can be
[0030t ojmpmdieried dewsictse €Y TYP Ehiox@mdwmd:m ogfrdaﬁoe dlaﬁwde}mbidolﬁyer(s)

matef i) BOHEIAIDI e e OR  eDs IBE BP0 0%

hydm%améaaykr@y ﬁic‘llldetaﬁ‘@gfl@ﬂi’tﬁl trﬁﬁ&ﬂéﬂq}dﬁ?ﬂas Qsﬁﬁknéiﬁl@fflﬁbh dielectric
substrate materials include an insulated netal, a

constrams & Igatt@ alloys forrtise a¢versshbidkdaladydprbehicstaie UReTLRPRisatiemo? an
approlglnta c 18vgrrse vc%?atg%lsg%'ﬁ%l eﬁ}@%ﬁp&@ feﬁrﬁlg 4 olc'osp{o oﬁrﬁ% %’léh lak €rop,

TefloapPTER] PEAFENATHR, I@IEEraﬁ&bﬂhaxIs,Sas wesll wuihér meteﬁptsasuen hs
to one skilled in the art used. A fl-uid chann

ceramgigh GRS YBHBL BN EIC Hﬁéﬁ’@ mbaﬁerp%l%@é b piGetFRees énchme

' oondﬁétfv%%&ﬁls Cé'eﬁ‘ﬁ ﬁﬁ%o}r@ FdnaRAWR; poﬁ)glgergxﬂgpxlnﬁefs 'i‘ndﬂlc@ Au, Pt, Al

e appreci at that a'f
and ottem mnmhls,rmwdiha.seothﬁwm:tensls se@cdsi Sanlaﬂy@ebmmowmc:p tneas,
rectan

po]ygfn?e}rl%z(lﬁﬁﬁ\[n%lzlenera &8 gloﬁ'éﬂu% Jg? g;gpr%%@@] g%? a}eﬁgatFpﬁll %eg liloratli]é electrodes

may &P BEhwech BleeRHARI 'Fo@%f?ﬁﬁf)l% BB elbstehaNerSi SEBAS} ﬁﬁﬁ]de materials
suitable for the particular application. For exa

diffefent from thé metdrats used der-the eoveesm eln@mﬂeréreﬁﬁdltméllm the tnatenals used

for dg%B?ﬂq &OB%F’(;B?)?@&)S%? %laot{ch({gts Tijay ea]‘ls&I Erelfe S(‘1Itha’c the electrodes

are nfHdBBNBY@BpKiic @ NEal 66 PRSefaBirh Froal aﬂ@@iﬁgtﬂmd glaan aﬁh@)gh the
can range down to the |limts of photolithograpy

coveyssdastroperner bgmade gf p dbitdiophelic préerid ddesised- 100 nm) up

to the mmor cmrange. [0030] in preferred aspects,
[00313YTORe Blrueisions by BREtrbdes g e epdoigstaey dendii@plodts may also vary. In

prefelrr% %glge%%s the exposed and covered electrodes will have thicknesses ranging from -
about 100 nm or smaller to about 1 pm or greater, and widths ranging from about 10 nm or
smaller to about 1 mm or greater, preferably between about 100 nm and about 10 pm. The
widths and thicknesses may vary from electrode to electrode. Further,in preferred aspects,’
the exposed and covered electrodes are typically displaced from each other by a distance
ranging from about 1 nm to about 10 nm or greater. In one aspect, the distance between

exposed - covered electrode pairs is substantially the same throughout the fluid channel, and

r 9
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material and gold (Au) is used for the electrodes. In
general, useful materials for the hydrophobic |ayer(s)
wonaleudstéany i nsul ating material that has a PCT/SG2005/000130
sufficiently high dielectric constant e.g., to allow
for the reversal t o, a hydroph
the diglapts A P%halbﬁxaﬂ%ei 5@9 e GO §l€C\f8ﬁ? %‘é‘ll@%?&?"mde pair is
aﬁ:ﬁﬁ?' ' YhARhS B AgntelT Hwever, these -
subst e p.g%ﬁes Og%%&ﬂo{%gﬁ&qmu 1ElCT El% and ot hers, O’as wel |
distardss fiak %rmmezahm smcig eiscta&ieqmrs ﬁ}romglloweg ;ﬂullﬂ thandels ,For

oxynitrides,, et¢. Useful nma Isfor t. elerj: ;Eogies.
xamplee D dBicTBAUE CREICADERYEST ¢ PRIt g idiin 2 eleeiioae pair may
v R PR ﬁ»zdt i fms B lyat

N S e —-
(nanoéﬁ);ég%r_a cgrcstngaﬁﬁi:? o %ﬁtgbgﬁ ém%ﬁg%e@ge‘? y g?&attér% Endifi®bn the

e expose ectro I ncl ud material s
dimetid:fsarfand fifidarhahhe amdtler dealred peepl applicatibe. Coxthereth one aspect, a

el d d , th i al d
hydrag e IaHE hbd SPERPOT CERUTERRIAA b Eb A ad S 40) mm o
great«%]t &hgpﬂér?f Bld &ithehBdhs bghfdr %Jb@ﬁ?eﬁe@uﬁ@ﬁ@ﬂpiﬁepmd in part, on

'c material to prevent themfrom affecting
the mfateuuaﬁ uéeldpﬁh,e dihehsoghof the flomvadresae] ahé the dadized appylicgon of the

a_ hydr ophobi c .mat eri.al ired 31
PR, SIS0 S B DGR Gl BTN R SO may (epend, i
part, §h ﬁfet&%ﬁﬁoH?Xn@hﬁ%n‘éﬁrdf thd &e@l&ﬁf@fd@@b}@%iﬁlﬁy@ The&vidth of an .
exposed and covered el ectrodes w have thi cknesses

electiodnghderlfing mhabrphoiodilmrteyar isprefarehly smaligighen theydgy of the film -

greater, .and w dt angi
ever 367 b Bt o S, 02 AP LA Bt 2t sbont
pm sBORs (ndBOw e iaactha Beaiophébioilm Ther Wirde bisnanibns of the electrodes will
thi cknesses may vary fromelectrode to electr

determm therappliedl potenterls g taagetakes for Hie opifst aeslan 3@69@1%0&15 to
changé gﬁ& rg%ﬁ'e%ﬁlf gﬁ&ﬁ? ?%ém%a %ea {)h?f‘segncf SQmeache of Ben ity

sttance hmto about 10 nm or
undefii@atheefu] kleconée aspepdropidbé dishaoos gvetiweemdorpiosald. -
covered electrode pairs is substantially the sane

[0031§a]h r %@Q&H%e&dggyc So{rﬁg)'xgg a@d’b@&lﬂ gho 1R ﬁbgésgﬁt B SitRncee Bk W 6Perate using .

n expose e and a.covered el ectrode within an
applied eottaged delvay abdw 38 l}bdtsamd mbfepabﬂmbelgrazr?é) ¥ olts. dngertrigdspects,

volteGEIgHEES VY G Ay OuReuEt A TR Bloeer i et 3e and a covered

electidBeQH IBRHEt @efdeﬂﬁngh‘@ﬂ shobiE@fat@ied ik Bydﬁ:)bmhc state In general, a
I nt erspaci ng di stance between el ectrode pairs

pumpitdurdingito dlequesatimnvention ¢ab Wﬁ;ﬁt%ﬁ@ria}’vﬁ’gmﬁgﬁ fry optimizing the

S EBSRS Bl B X% DFLABORI S B8 6B cHAUEI s

be pcks@cs}oxﬁad% didde Efoﬁlﬁm rs3ng e &ﬁu@ﬂl@éhe&deﬂmb(maam nelteges Haovever, as
| er to about 1 mm (ml]ineters) or reael
abovgeg“egpmqqu elgctrede may be used with more than one covered electrode. Further,

pumps according to the present invention can be used to pump any ionic liquid.

[0034] One example of a process to form a pump, e.g., fluid channel in a substrate
including the actuation features (e.g., electrodes and hydrophobic layers), of the present
invention will be described below with reference to FIG. 5, which shows a process for

fabricating a rectangular cross section channel. It will be appreciated by one skilled in the art
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di mensi ons of the fluid channel and the desired punp
application. Further, in one aspect, a hydrophobic

woOaywriifas a t hi ckness of between about 1 nm oPCS86R2608/000130
and about 100 nnor . greater. In general, the

LR M R R
techm%&eg Qﬁhﬁﬁi%%ghﬁwﬁémand the desired application of
e punp. Li

kew se, the dinmensions and materials of an
under| ying e] ectrode y. d nd, .in rt, on the ..
[0035); e SHemale g Flreoriend shefgrsg Riiraissn.

YRE arehiied W 8 8. wneekhivbiandel f
tec'hnﬁls afraeg Sﬁeol%i%g% %%ﬁwc?%ﬁ?m% %;ragg glr ably slmal I e? ﬁg%wf heés_ e
cleansd iifg stinddné clerhing teshaiquesoForexaigybeianiel, ® photoresist is spin coated

emhodi nent, . the underlyi ng el ectrodes .are about .2°
on the SEHLTELSS e SHREPECD MO GIRAFY: PREFPLEH ey s hBpY pattem
falbdbb; J |1RA%iQf arksRere@ 6 Bl RS edibt. | Btching, e.g.,
Aﬁexggj%glr)%ﬂﬁ’ghte H‘g&gﬁgﬁgﬁﬁ%ﬁﬁt };aelfl the time it takes for °
BHF thkingoistaed toargloze 8104 tiethegnitemed ataa. digragéier, asthg wet etching

T T T
deep. F%%gtg? BRPIGads @9 ks COPRO1HhBEIPRP pAtEssBSEd R tBansfer the pattern

Advant ageous! y, punps accordi ng to the present
onto phteretisowhiah és abglest Elegrrdes eraimegd by apptdrag Woletgagd nm

., belo bou 0 Vol a refe | v..bel ow 20 Val.ts.. . .
thick) "ﬂ’dcg]“ ?%E'HE%@BQS&’E 9%@3@%8’3%& @?F?‘a ¥f§s @b PSS %&%Pbtam the
patterfRY cRBuAAR! | Gllc ROLWPBALIBMAXRISEE, EVIWOF, a0y R ba deposited, e.g.,
covered electrode to convert the overlying hydrophobic
spin orated; expostd develgpedptd stehedaasas well knoyenEpapramplsufis- 6 shows a

.. accordi to th [ [ t

side GER S P DB EIEFR.  DLECH R G5, B BRET o
hydrdprebrahakiig. leshenld Y8 §predidted thaptiefaboret difpen evaspledfa
and exposed el ectrodes be positi O%Sagldi n cJaos

possiBIcGRPMPE {P Gaiag 11960 FRthIELA B s RIBE A HIPALe) Qifmative materials,

pararx\[{)&gsaaglgp\ll'm tﬁ@ﬁs’m?}abég&\ﬁe&s Rhr&xposed el ectrode may

e use e an one covered el ectrode. Further,
[ [ t the. 3 t. i L b d
00 BB B S B S5 AR ERTp SGHESE e s

inverRIcAC 88Sshb@ml B PushpPHBRdeLa Huid dhathhél 2680 aRpN@hlitybfRlectrode rings
substrate 1 ncluding the actuation features (e

coverdevith G¥TORanA phydbiopeipesed alastretie riags adiacept gigrered electrodes
jnvention W/ll be descrihed low wth refer o
e o SROK T oy 5 T B Bl BB OB B s o

nm t6 8ShAREH! BIGH QRSvsSLekied bf ahrnet takeh ofMblelpub in FIG. 3 when
appreci ated by one skilled in the artthat_ channpe

ls . . .
activiavrivmeping Auid. dksodewse thei dreaiioyabiuidfiaessdaempet to right in the fluid

f gbri cat ed,.usi ng .si .l ' ' ' .
cheny o TR PUD T RSBy B po B pEleRen the vtk R0ing upoged
clectidd@BABE thegisthcomhgharBpatiasraofoab texagionriefinehhp lirgCES OP covered

are used to fabricate the microchannels. First,
electyidei con and gl ass wafers are

[0037] Tt will be understood that various modification to the pumps of the present invention
are within the scope of the present invention. For example, the electrode rings can be .
replaced by electrodes having other geometries, e.g., for a channel having a cross-section of a

rectangle, the electrodes can be made to be rectangular and flat.
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cl eaned using standard cl eaning techni ques. For a
m crochannel, a photoresist is spin coated on the
weoizbictiomewaf er, then exposed with a phot omask PCT/SG2005/000130
contai ning the mcrochannel pattern. After developing, .
he_ m cro nel ttern .i.s transferred L9
w“‘%ho@o‘?‘&‘?‘% 0 %anthgﬁé/ﬁrogﬁ%blc vty gexingﬁﬁdﬁsga se Srg]alefi monolayer .
Y R DNiddige BalatRENES. tAE R ctrd e aRBthE Elhid 1Sid8 ghe channel,,
(SAA&E??EE%ﬁyhg e.dg. ,CKCH 40%60C), the channel is
the h}ﬂirophcdnt SAﬂ\Hies vegivedde.de ptsmlved)gwhmh exprses ey duapbilipglectrode,

dee For_ the .el ectyrodes on hotoli.th h
therely SR e EalmD 5 Rrhoner Tndk TERRRSR: T USHeYby
prov1gﬁl%t291r @&é}na@f&@rs’e& b8 v tgg':e'rsl me%h% E&@ﬁ% c8 Ee ﬁé%éﬁ‘iﬁ%d or

spu .
1eassaﬁ61erim> pmduc)a tln‘mlu)@flrd)}ﬁ@bmbgmn ullfanetbﬁzf emlsomment, he coatmgs on the

e o B B3 LG AR SR RS when e
d1ele&ﬁe 3LAE Gows tle h?@r@gﬂolﬁé’ 9151%6 b%é&%%@ﬂydrgfl‘ﬁﬁb Q]&Pﬂ) eafiphid
tched as is wel own. For exa shows a
prop@atm thiomgh dlfie chahhelt Thecpraness Ilsagerwlr@bt raddevekpbleed on a
substrate and covered with a hydrophobic material. It
(003840 meé)ﬁe APRMEEH Ak etk dnhRbcriHE HADONM LT Sxa@ifl¢/ar@in terms of the
exanpl e of a possible nethod to create a fluid channe
specificenttvaimenthat isdd dietinderaiood ﬂhaéltheamrvrgmtimels mat kmited tp the disclosed

’ emb{c%@ggf E[l‘ o g ggll'lt e{rgcxg %BE Tﬁ)nac%(f 3’3 %?a}izﬁga%?)hg g’fgd similar

arranig@Reh&ak b e Y apseaitdd fodsé @kﬂlb@ 1rpfhe$em tFor exanpleptne shilled in the
shown, thepunp includes a fluid channel and

art Wpil'l un@wsﬁayd dtat dhequmrscd the PRGSEIE GwenBan a4 he espeppuRp fluid forward
and “tpacﬂw d L. %{: 18%(1 ?he%h@ L&aEIRAS: Xdﬁ}ﬂ%ﬁﬁﬂé AERBEoH fé%mres of the

covared e re a sO sh hannel w dth
preséﬂxe pivendiog. Fhﬂhﬁl, faidr @dmeﬁ:p@mﬂngr withoitractthton ﬂngeesjﬂlaamg

ewnmto a fewnm F| Ws, a ser s of. sn
differa GROBF ek &P PP SONERTSE T § BpL B ecirodes
vheilflllaluéﬁosé? or WPed hb& ﬁgt 8SEhNhe lch bt Gof QWIS tHet @MBy cover only

ft to right inthe fluid channel. Upon application

* a powfonafiecditcatpe chainehoi ailly bat wideof ehectensréaradamnsll shgyekug the scope

o S R TR0 M 3008 PR rcmpas

such[rQQéﬁLaMns%hlsuﬁﬁax%ﬁe gheqsd that various nodification

he punps of the present invention are within the

scope of the present invention. For exanple, the

el ectrode rings can be replaced by el ectrodes having

ot her geonetries, e.g., for a channel having a

cross-section of a rectangle, the el ectrodes can be

made to be rectangular and flat.[0038] In one

enbodi nent, a hydrophobic coating includes a self

assenbl ed nonol ayer (SAM. By applying an electric

field between- the electrode and the fluid inside the

channel ,

12
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t he hydrophobic SAMis renoved (e.g., dissolved) which
exposes the hydrophilic el ectrode, thereby allow ng
woheooriapick| ary effect to nove the fluid. This pCcoses®s/000130
is reversible; by providing an appropriate reversed
Eiig §O|i§33’ the SAM coating can be assenbled or
= produce the hydrophobic region . In

anot her enbodi nent, the coatings on the hydrophobic

ar ea i”P'Udef@hﬂ&%ﬂhﬂ@'c&hﬁﬁ&hgg | ow dielectric

br eakdown vol t'age.” Wién the drel ectric breaks down the

hydr opha fiuixi shanhe devingeonmser sydacepdid dedinarglart dvas bf fuidd

ropagates through the channel. Tin's process is

PIOP¢E#ERal |y not reversible. [0039]- Wiile the invention

has bee | : f [ r e

e B S e R e

t he i nvesddond elestrodd rihg dispewd oo thdendi swfarsedbund said axis; and

enbodi nents. Jo th ontrary, it, is intende 0 cover :
Vart oust s o Rk ma cu veHeY e G GERER ELeCHSSe The, wherein
appli\éﬁ)dﬂrfj?fbaevcﬁﬂg@ beReeh gnet ﬁ‘x@@ﬁe&i‘ddlelrﬁ%, 4 thD el <1dcBbde ring when a
e, one skille wil |

exanp in the art under st and t hat
fluidtifprepentyys thefchamee] presse tite hiydwphbbisrmatenalie besede hydipphilic.
fluid forward and backward in a channel using the

control ] ed hydropbobicit ctyation.features.of, .t he .

present 51’ nve%ﬁj’?3 ?YO?WPWXF]%H?I ul™ e{?ﬁ_hWﬁS? e hid s piesent in the
fluidWhiRRutthe Bl adbhMic {£8t prefsots AehRGudidriR @tsaid fluid from

geonetries” and/ or dinensions can be fluidly coupled in
propagatingslongl seisl ¢4, eud Mg Whpethsetoliegpssmplied tebeseeqnd electrode
. ne not. sury.oungd t a for ' .
ring 550 PSR ep il eI s, GABTRAP el (B meniscus

past Sledegioh defih@Chypihg skasndat@nVeltagelsappliat Bstwebetlecd@erodt and
. the appended cl ai ns shoul d be accorded the broadest
lquifint erpretati on so as to enconpass all such

nodi fications and simlar arrangenents. WHAT | S CLAI MED

(S L & Clral Wibop GABRILAIAY, whefdutltil 15)08IRbIAMERE includes -
an inner surface and defining an axis of fluid
an inpulepagataicvial havihg a stbstdndielly bidh di¢lagridicopgientd on t he

i nner syrface,around sai Xi S; secqn lectrode . . ..

g di SposedPAMERE ERTFEent 206 SR LG Rgbfepgiera cindes
a fludRPoBmicayer of hydrophobic naterial overlaying the

second el ectrode ring, wherein application of a

vol tage between the first electrode ring and the

second 81 ect A&8&iFToRYIRIoE Alaz 4 Whgreis therfhiappolyyer igselected from

nnel. . T*T?ﬁ’ G F ' : becone
the #@%’r%}gﬁsﬁﬁ%?ﬁ?g é%ﬂégggﬁ%&o ci%g(;”?]nk?agv\/ner ei n when
the fluid is present in the
6. The micropump of claim 1, wherein the fluid channel is formed in a

substrate material selected from the group consisting of silicon, silicon nitride, quartz,

polymer, plastic and glass. .

7. The micropump of claim 1, wherein the fluid channel is forméd in a
substrate material selected from the group consisting of an insulated metal, an insulated non-
metal, an insulated semicondiictor, a dielectric, ceramic, an.insulated conductor and an

insulator.

13
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fluid channel, the hydrophobic |ayer prevents a

nmeni scus fornmed by said fluid from propagating al ong
weoeabw/1axd6s, and wherei n when the voltage i s appCrsd2a06/000130

the second el ectrode ring and the hydrophobic materia

becomes hydrophilic, capillary forces nove the

neni sc past. the region i(‘1ef| ned. by, the second ring
Vol t age™i s ap PEECHEIRREH2 RS, %(h%rémféa@r%rr?éeq’moqlemg includes a .

cond&twgﬂ’?atéﬂaq %&Eb‘t@ﬁ’ %k {He%'r&}ﬂ cdﬂ‘(@ﬁﬁ n%tef 5 %LQVQEQHQBB&&ctor a.

material 1ncludes an i hav
ceransubsd anbndickiye pblymedi el ectri c const ant. 4. The
mcr opurrp of claim 1. wherein the hydrophobic materi aI

i ncl udes uor opol ynmer, 5. The m cropunp of claim4
wher ei "t he Bt wf clain Levherewdhe flé%@ﬂff?goéﬁ sigp includes a

metal%eREIca g uff YT E?’%Tﬁ%r%? [Rnghaziyr cont um oxyni ¢ de.

he m crop erein the fluid channel
|s formsd in a substrate mat eri al selected fromthe
group dénsi sThmgiomcﬁpmmp vLdaym & Wherein the tedottd elezqntt@ﬂé Zing includes
ol yner, asti c.and ass. . 7, .The_m cropunp o
a Con@f%ﬁ%nia’@%% SPlspe Hben Fhecir o foptistS 6~ Foft Aot b egnductor, a
ceranﬁé,lg&t b 8buBepbRinesel ected fromthe group consisting
an insulated fretal, an insulated nonnetal, an

| nsul ated seni conductor, a dielectric, ceramc, an
i nsul atléd coﬂmwtcmpmoﬁﬂammé,wmrom tBe sqdvedwletogeriap includes

cl ai.m the first electrode ring includes
adlffgre‘,lt%]gtrel |ve Peleg Tod¢&i%8ct ed from t he gr oup

consi st ng of- a netal a sem conductor, a ceramc and a

conductizve phiefiRfopidnp dh@aif T OR&ER é figdtahfsdeond electrode
wherein the first electrode ring i ncludes a netal

rings gk daagdpehitrbogt by adrbpat i hgmsromgaghethpt withip. the fluid
channkfl® M cropunp of claim1l, wherein the second el ectrode

ring includes a conductive material selected fromthe

group consisting of a netal, a sem conductor, a

cer anm d3and BleaummW@f cpia'lnyh;swher&jh th& hgdwpbolap Uager bis a width

i GGy SH PG 5P 10 SORGIC e T PAbreBP et Bk oPem gl Sopat 1 7m o -

about e pm.cr opunp of claim 1, wherein the first and second
el ectrode

14. ‘The micropump of claim 1, wherein the voltage applied to the first ring

and the second ring ranges from 30V to 0.1V.

15. The micropump of claim 1, wherein the fluid channel has a cross
section geometry selected from the group consisting of circular, rectangular, elliptical,

hexagonal, and octagonal.

16. The micropump of claim 15, wherein the circular cross section of the

fluid channel has a diameter of less than about 100 pm.

17. A micropump, comprising:

a fluid channel] having an inner surface and defining an axis of fluid
propagation;

one or more first electrode rings disposed on the inner surface around said

axis;

14
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rings are displaced between about 1nm and about 10 m

fromeach other within the fluid channel. 13. The
wonereapsusp of claim 1, wherein the hydrophobi crtagero0s/000130

has a width in the range of about 0.1 nn1to about 10

mm and a thickness in the 1 nm

about ROOMARY ofgecoreleptiods %‘g’ggg’éf’o%’? ilm\ﬁﬁ é‘l‘rg‘?cﬁ around said
axis, xﬁlﬁ&el\ﬁogafdas%‘éo aleétgcgvr?lgs%? {L}k&%ﬁe{ﬁi%ﬁ@é& staﬂfsor?ee&%gre first’

rang es he m cropunp o
ekmn@d@mﬂggammereln the fluid channel has a cross .

section geornetg% sel ected fromthe group COI’]SI sting of
ci r cul drayer o hudignhelic mafqriah ey AYInERach §eseRd clefiigde ring such:

that aﬁgmgt%?gra]l%droﬁlﬁ)blc %ﬁ@d&’&p‘?@&'{‘ﬁ Inls %%‘én%hé}ﬁ%@%&ﬁgsaﬁﬁﬁw wherein

rcul-ar” Ccrross section-o

apphdih@ﬁ@f@ﬁzol@efoeﬂﬁﬁ%dnm odlaidtfirdiecmvde tifigs Andra Sﬁlealadirpne of said
nprising: a fluid channel having _ an inner surf

seconé ﬁ:a:caeé@ ARgRGVhen il is prepentii they HHd GRATIGH Ca‘ﬁﬁeﬂt?rhYﬁlﬁ?l%lOblc
matena'l o%rl %Jl C%ﬁ(? ge?ec[téd]&? s éﬁ%@? %ggoﬁ{?@he%dgﬁpghﬁp er surface

‘ectrode rings
dlsposed on the inner surface around sai d axis,
Wh e r ei ngsai dheesorupualpasiidantel 7, wigsciaméien Iﬂﬁeeﬂsikie's pfedent in the
tween_said one or nore first ele troa
fluid 1:1%@9@?1 HPYHPBRAPH BYFEPIHENS P HISDEVES foRpe S)y é?wapassm&
and “ﬁﬂy r O(gﬁgxftﬁe VBRaSULh: g ¥t 10aht §5188Ld Q&onﬂ&' Qfe@ﬂ@é’é’hﬁ% e

I'C reg?ons re encountered al ong sa
overl mieg Bydroptpbld materiehbagbmas Wpdroplydic heipvibeen fones mbve thednemscus

irst e|lectrpde rings .and el ected one of said
pas"%%’i?@iﬂ? ‘é‘E‘g ‘F)’QS ﬁﬁgle%&g S\?ﬁ%p?ﬁi ech(’%lfﬂnﬁgs present in the
fluid channel causes the hydrophobic nmateri al

over| ayiong s@iednedpRaiest @AeCtT, 9dRrdif 2 REEOIMed volume of fluid is
hydrophilic. . 18. Thé m cropunp of claim 17, wherein

Pumpgsh éhcrovgiethfs miF@PRBIPRE dtsrminied by aaumher @f eprasmetive second rings that
znem?%%? g%@mhgx%gag OF%ents a neni scus formed by said

assin Saher ei n when t he voltage is
applled to the selected second el ectrode ring and the
over | ayiong: hi@dmojehaling ofedam H, ieednmds: nyddoipbid meterial

api |.l ary. force ve the neniscus
includes a dielectfic or msulated matenals.

21.  The micropump of claim 17, wherein the hydrophobic material

includes a fluoropolymer.

22, The micropump of claim 21, wherein the fluoropolymer is selected

from the group consisting of CYTOP, Teflon and zirconium oxynitride.

23.  The micropump of claim 17, wherein the fluid channel 1s formed in a
substrate material selected from the group consisting of an insulated metal, an insulated non-

metal, an insulated semiconductor and insulated conductor and an msulator.

24,  The micropump of elaim 17, wherein the fluid channel is formed in a
substrate material selected from the group consisting of silicon, silicon nitride, quartz and

glass.
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past the region defined by the sel ected second
el ectrode ring. 19. The m cropunp of claim 17, wherein
wea 20wntisell ed vol une of fluid is punped throughCri862005/000130
m cropunp as determ ned by a nunber of consecutive
second rings that are activated by application of a

vol ta 20... The mcro .of. .claim1l17 erein the. .

nydr opiobi o THREGPRBITP R FIBS T IPRFLEih b eatrods fing includes
a conduP§Hd ALRHA R &k PhSm tBd gro ?%oﬂ@iﬁh%ffmn@{al,(‘a' @it dnfiuctor and a
wherei n the hydrophobi c material includes a

conduétivegradpoéynmer. 22. The mi cropunp of claim 21, wherein
the fluoropolynmer is selected fromthe group

consi stjng CYTOP, Tef.l on d_zirconi oxynitrjde. .

23 Tnib ny o OB NTOBI RIS S WHEEGH TRy 1o § e Hhig includes
a metaf BABRGE fbf hehRD dhsBtiSybsAtahg praterial sel ected

fromthe group consisting of an insulated netal, an

i nsul ated nonnetal, an insulated sem conductor and
i nsul afdd cdhduderspumpdf shihriguwierin egh segprd electrode ring

. mcro of claim/17 erein the fl.ui.d channel, is .
includf§ FORNRvEmafidl Mgdeq B0 S Probditabrsits PORPIRY 4 fespigonductor
andag@i@'bﬁ?}g makr.silicon, silicon nitride, quartz and

gl ass. 25. 2I'he m cropunp of claim 17, wherein each

first electrode ring includes a conductive materi al

sel ect 88 fr dhe tHerogEBR P! chig 19t PgresT one FERgre segond electrode
s ' Lar_an uct | T
sings FETUERRNELN AR EPOME M AR icfioadfifes e

ring includes a netal selected fromthe group

consi sHng Ghe Aicapdmptaf cBitm The/hetetn oguseputife isaamd second

17, .wherein each second el ectrode .ring. includes oo s
clectr Q5 TRE 1 TR h AT SGTRSt LT PR P B OCaSh Sfenyithin the
fluid @hn@eimetal , a sem conductor and a conductive pol yner.

28. The m cropunp of claim 17, wherein one or nore

second el ectrode rings include a different materi al

t han oA@. or Tiprecwpupipeoiiciaimt] 7e Mierein gechy iysigaphobec layerchas a

.. M Gropu claim 17, i 0 ' JiqLs .

wiath S iR oo BT Pl DET Gl AR TS 4 B ot

nm to abeuted®OuHm. 10 nm from each other within the fluid
channel .

31. The micropunp of claim 17, wherein the voltage applied to a first ring

and each selected second ring is in the range of from 30V to 0.1V.

32.  The micropump of claim 17, wherein the fluid channe] has a cross-
section geometry selected from the group consisting of circular, rectangular, elliptical,

hexagonal, and octagonal. .

33.  The micropump of claim 32, wherein the cross section of the fluid

channel has a diameter of less than about 100 pm.

34. A method of delivering controlled amounts of fluid, the method
comprising: .
coupling a fluid source to a fluid channel having an inner surface, said fluid

channel defining an axis of fluid propagation, wherein said fluid channel further include:
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30. The mcropunp of claim 17, wherein each
hydr ophobic | ayer has a width in the range of about

wO 2006nn5460 about 10 nm and a thickness in therPcassgeosinnio
about 1 nmto about 100 nm 31. The m cropunp of claim

cach sel cct 8 SEUGFEFY FEOTese e pibe b 3t u s Sy aroume

to 0. 1¥;3;d3%2is: The m cropunp of claim 17, wherein the
f1uid channel has a cross section geonetry sel ected
from the grewppurebhsifsetang eddctioie siabafispesse vaibinaer surface

el l'iptical, hexagonal.,., and o agnal .: .. . Thes

i cr OpBImbF e ga e esel RATHE: coqgae B s plectrode

t he flghggqggnnel has a di ameter of |ess than about

100 nm 34. A nethod of delivering controlled amounts _
of fluid, thdaymofibpdophghit iatayial overlaygeptachgeewntlelfcgrode rng

source t fl.ui d . channel ving.an inner _surface

SO et AR A ARG B 10 B 86 Bncoumtee
pr opagaliitenihe gl €hdhnebabRl {didbdscha@nnel further

i ncl ude: one or nore first electrode rings di sposed on

the i napplyingd eadtagabetwedn selpefedrnes; ofgald firstglpetyodes and

second, e] ectrode rings._disposed.o ' .
conse G FRGIeEER GrEs P O] EPEEro s L REE RS ovie
materfiP bRenldyinSdai B BEd EPER KA P& ToR IS td B&cﬁﬁn@ﬁgdmphﬂic, wherein a

hydrophobi ¢ materi al overlayi hg each second el ectrode

menisepnfpread hy theaflviglin drenduid sharmphis ppenssicd ova pRsrRoHPRYPRhobic
. Iegi,OnsS_are enco . | )
s SR OSSR B S B e
selecto ol eRairtdd 1inigd soedsas iovd @syohuite chisie clefihetbb s dleeningubr of
ones of said second electrode rings so as to cause the
selectpq gpcoph slscEodfiBesS al overl ayi ng said sel ected second
el ectrode rings to becone hydrophilic, wherein a

meni scus f orfRAy,BYod BEcIEInYBE Whdrbig the Huid BhBAREIRkS & Sross section
prevented from passing a hydrophobic . region, and

geomuing s@eated &pinl thagyoupaopsistimefecitchiar reetiagular, plipticalhleexagonal,
d rfgioTs defined by the sel ected second el ectrode rings
and odlgedt 0 move a vol ume of fluid defined by the nunber
of sel ected second el ectrode rings.
36. The method of claim 35, wherein the cross section of the fluid channel

has a diameter of less than about 100 pm.

37. The method of claim 34, wherein consecutive first and second
electrode rings are displaced between about 1 nm and about 10 nm from each other within the

fluid channel.

38.  The method of claim 34, wherein each hydrophobic layer has a width
in the range of about 0.1 nm to about 10 mm, and a thickness in the range of about 1 nm to

about 100 nm.

39.  The method of claim 34, wherein the voltage applied to a first

electrode and each selected second ring ranges from 30V to 0.1V.
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35. The nethod of claim 34, wherein the fluid channe

has a cross section geonetry selected fromthe group
woaomiiasdemg of circular, rectangul ar, ellipticaCcT/8G2005/000130

hexagonal , and octagonal. 36. The nethod of claim 35,

wherein the cross section of the fluid channel has a

di anet er. of J.ess than out 100 mm 37. The nethod of.
cl ai m 3%, Cig tﬂ’@%%@?‘%&\‘}e“’g??@tsl’&ﬁl&g Eg consecutive second
E5h $0081 5| PSR EindhS PORRRY MIRENERR &‘Ps%é*s doRt j
eleCtra outéslo nmTrom each ot{)wer W ?ﬁn the t1uid channal "8
betwed selttied metonddirgk. cl ai m 34, wherei n each hydrophobic
| ayer has a width in the range of about 0.1 nmto

about 1Q nmm_and.a thickpess in_the range.of about 1

ran to 43boutThfdalqﬁ?am%@95 e ﬁe@lﬁgar PO 3altage source for
provichﬂg ke \';ﬁlfagg td/ Hietfﬁgﬁadﬁi%kér?o%lé&ro%eg.' rst electrode and

each sel eCted secondring ranges from 30V to 0.1V. 40.

The net hod of claim 34, wherein spacing between

consecyi ve Becormdopine vf deien it 7,nfgsheramongsisirgnalveltegesburce for

.t.he .vol f fluid ved i s _based aon the aci
Provigja (Riotp1BaF &t TS SeRBTPdF g &30 SCIeFtep Sorqiid PETSimp of

claim1, further conprising a voltage source for

providing the voltage to the first and second

el ectrodes. 42. The m cropunp of claim 17, further

conprising a voltage source for providing the voltage

to the first electrode and the sel ected second

el ectr odes.
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