WD 2006/ 115464 PCT/ SG2005/ 000130 SYSTEMS AND ' METHODS PUMPI NG CONTI NUOUS
LIQU D COLUWNS USI NG HYDROPHOBI CI TY CONTROL FEATURES IN A M CRO CHANNEL 5
BACKGROUND. OF THE | NVENTI ON [ 0001] The present invention relates generally
to m cropunpigihosysiegns and nethods, and nore particul aﬁéﬁs$ﬁ0§%§{ﬁﬁs and
met hods-for punping ultra-small volunme continuous liquid urms usi ng
control |l ed hydrophobicity actuation features in a mcrochannel. [0002] In
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15  thermopneumatic and electromagnetic actuators typically consume a large amount of electric

power. - Additionally, pumps which use the above actuation mechanisms are also typically
relatively bulky in size and cannot be further miniaturized due to the physical size limitations
imposed by the components of the actuators. Further, the smallest quantum of liquid that can

be pumped using pumps presently available are in the range of a few nanoliters (nl).

20  [0003] Therefore, micropumps based on such prior actuation mechanisms are undesirable
for use in systems requiring 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,

25  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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WO 2006/ 115464 PCT/ SG2005/ 000130 BRI EF SUMVARY OF THE | NVENTI ON. 100051 The
present invention provides mcropunps that overcones the above problens. In
particular, the present invention provides systens and net hods for punping
ultra-smal | ontinuous liquid colums in a mcro I ing
controlled ﬁg%gggﬁggﬁcity 5 actuation features in the ni§$§€§§wﬁﬁﬁpo[0006)
According to the present invention, a mcropunp includes a m crochannel
formed in a substrate. BRIENSIMMARKNOF THEINVENHON ural ity of el ectrode

ring |lay r.electrodes with other geonetries within the m crpchannel.
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fora hydrophohi¢c region to operate as a valve after fluid has passed;
reverti ngabse fhethydrophobic material overlaying that electrode to become hydrophilic, thereby -

20  allowing.the meniscus, and the column of fluid behind it, to propagate past that region due to
capillary forces. Upon encountering the next hydrophobic region, the miniscus is again
prevented from propagating. The region that was changed from hydrophobic to hydrophilic
may revert back to its natural hydrophobic state gradually, for example after the voltage
signal has ceased, however, this will have no effect on the column of liquid that has passed.

25 Selective application of voltage signals to the electrodes in consecutive hydrophobic regions
allows for a controlled rate of flow of ﬂuid columns as determined by the dimensions of the
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

30 fora 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 invention advantageously do not

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

(S8



hydr ophobi ¢ cuts off the fluid flow [0007) In certain aspects, the

m cropunps of the present invention advantageously do not enploy actuators
havi ng physi cal conponents that would limt mninmum device sizes, and 2 WO
2006/ 115464 4ROTha2{728Q5/ 000130 therefore can be m niat urpgpdeassseshr ed for
the particular application. The [imtation to mniaturizatironi1s only
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20  an ultra miniature metering pump which operates at a low voltage.

[0009] According to one aspect of the invéntion, 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 first electrode ring disposed on the inmer surface of
the fluid channel around the axis, a second electrode ring disposed on the inner surface of the
25  fluid channel around the axis, and a layer of hydrophobic material overlaying the second
electrode ring. Upon application of a voltage to the second electrode ring, the hydrophobic

material becomes hydrophilic.

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

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

the inner surface of the fluid channe] around the axis and the second electrode nngs are



mat eri al becones hydrophilic. [0010) According to another aspect of the
invention, a mcropunp is provided that typically includes a fluid channel
havi ng an i nner surface and defining an axis of fluid propagation. 30 the

m cropunp alvﬂﬁzo‘by/ Pisg@l 1y includes a plurality of first ehgsl;/ﬁhgo%g&qroryr&gs

di sposed on e rnner surface of the fluid channel arou
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al so typrcally i ncl udes appl tages to consecutive sel ected ones of
t he secon@n the inner surface of the channel around the axis, a plurality of second electrode rings
disposed on the i 1nner surface of the channel around the axis and the second electrode rings’

20  areinterspersed between the plurality of the first electrode rings, and a layer of hydrophobic-
material overlaying each second electrode ring such that aliernating hydrophobic and
hydrophilic regions are encountered within the fluid channel along the defined axis. The
method also typically includes applying voltages to consecutive selected ones of the second
electrode rings so as to cause the hydrophobic material overlaying the selected second

25  electrode rings to become hydrophilic, wherein a meniscus formed by the fluid in the fluid
channel is prevented from passing a hydrophobic region, and wherein capillary forces move -

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
30  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



el ectrode rings so as to cause the hydrophobic material overlaying the
sel ected second 25 el ectrode rings to becone hydrophilic, wherein a neniscus
formed by the fluid in the fluid channel is prevented from passing a

hydr ophobi c wegdiisssand wherein capillary forces nove tpersensasopast the
regi ons defined by the selected second el ectrode rings so as to nove a

vol unme of fluid defined by the nunber of selected second el ectrode rings.
[0013] Redcepmparyinpdiawengse dmiheidngvipgs, ﬂlkorﬁerclﬁcetrhmk@modlfcmadqrmnal arncl udi ng

t he draw pgs.an 30, cl wi'll realize other features and advantages of
the preselECHIRRENSTIT © %ﬂﬂelnﬁer features and advantages of the present
invention, as well as the structure and operation of various enbodinents of
the present invention, are described in detail below with respect to the 4
WD 2006/ 115464 PCT/ SGZOOS/ 000130 acconpanyi ng drawi ngs. In the draw ngs,

| i ke reference nunbers indicate identical or functionally simlar elenents.
5 BRI EF DESCRI PTI ON OF THE DRAW NGS illustrates various views

014
of a punp design inpl enerﬁIg@F\PESFPaIP[JJ L&%?H@r%é WINGS i on ni crochannel
accordi ng n ) al
o v of HPRAE" SIGTEIRNPREL vartolOpiohe B o B dtpr HnBLAE: HhRARRER! LoA
al t er nat i segtiby ehi@pticianel aaoatding do omclhlbcxdime:gi ons according to the present 10
invention. [0016) FIG 3 is a photograph of side view of a fabricated punp
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snapshots t aken when actively fluid

[0018] FIBch@irg muhmtml@maan@hmreﬁmbfq o Hyrophaisrregiany srgomlinaimsheprasent|
according.to the present invention. [0019] FIG 6 shows a side view of a
f1at ect%ﬁﬁféﬁ’ el ectrode formed on a substrate and covered with a

hydr ophobi c material, 20 DETAILED DESCRI PTI ON OF THE | NVENTI ON [ 00201 FIG 1

illustr at 0910k Fods> iriarhotagrard 9f gits VIR PihiapHeAt e TR ACCRI4IPE 10 thE Prestihr

Cross- g] I{n crochannel according to one enbodi nent. The punp includes a
channel

[0017]) FIG. 4 shows a series of snapshots taken of the pump in FIG. 3 when actively
pumping fluid. ' ‘ ‘

15 [0018] FIG. 5 illustrates a process flow for fabricating a pump channel according to the

present invention.

[0019] FIG. 6 shows a side view of a flat rectangular electrode formed on a substrate and

covered with a hydrophobic material. -

20
ETAJLED DESCRIPTION OF THE INVENTION

[0020] FIG. 1 illustrates various views of a pump design implemented with a circular cross--
section microchanne] according to one embodiment. The pump includes a chanmel 10 (fluid
channel) formed in a substrate material 15. The fluid channel 10 is in fluid communication

25  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 channel 10.
30  The hydrophobic region includes a layer of hydrophobic material 20 overlying a conductive -



channel) forned in a substrate material 15, The fluid channel 10 is in fluid
comuni cation 25 with a fluid source (not shown) such as a liquid reservoir:
Fluid fromthe fluid source enters the fluid channel 10 and propagates by
capi |l lary fowoepoeAsssshown in FIG la, at |east a portiorpc@fsdo6/0b61496 d
channel includes alternating rings of hydrophobic and hydrophilic areas, or
regi ons, disposed on the inside wall. [0021] FIG |b shows a cross-sectional
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channel unl.i. t he el ctrod icregio whi ch are
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f|UId bs prﬁﬁggt in the fluid channel, a hydrophobic region prevents a

meni scus o) by the fluid, and aI so the fluid colum behind it, from
propagatin ast_the_ region. Wien no voltage i.s applied, the hydrophob| c
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| el udi ng il b bl AR E’gﬂ:va}fﬂ(fg&ﬁ%?ésﬁx g4 tﬁeyﬁalgep%gs%%ﬂ%gatwor di ng

to the present invention. drophobi c "regi'ons are
hydr ophobiTheffluidi@@mo perplagitegprimarily due to capillary force, and it automatically gets rid of

any unwanted air bubbles present in the system.

20 [0023] FIG. 2 show side cross-sectional views of fluid column 40 propagating in a fluid
channel 10 including multiple alternating hydrophobic and hydrophilic regions according to
the present invention. Hydrophobic regions are defined by the hydrophobic film 20 overlying
an electrode 25 (not shown in FIG. 2), and hydrophilic regions are defined by the regionsnot
covered by a llydropﬁobic material. Exposed electrodes 30 are located i the hydrophilic

25  regions as shown. In one aspect, only one exposed electrode 30; need be used. - However, it
1s preferred that multiple exposed electrodes 30 be positioned throughout the channel and
interspersed 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.

30  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 fapply'different voltages between the covered

electrodes and the exposed electrode depending on the distance from the exposed electrode.



an electrode 25 (not shown in FIG 2), and hydrophilic regions are defined

by the regions not covered by a hydrophobic material. Exposed el ectrodes 30
are located in the hydrophilic 25 regions as shown. In one aspect, only one
exposed el emo moe183%4 need be used. However, it is prefeetodrdobadorzsul tiple
exposed el ectrodes 30 be positioned throughout the channel and interspersed
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Meni scus fpad sho¥nflikMeGi M) Tfis Edieact bifless RGbedWyrthaserdce feision veateb et t he
fluid and surface, the surface tension between the fluid 5 and at nosphere

(air, gashysropliohis sirfape, dhefine and theras i tieraterfess bebyesy lbﬁhwdrﬁ@w@me@@é apénsi on
bet t

hsd rop obt?lg h?éfg@ﬁﬁﬂ%@?ﬁ? ﬁ'héx‘éé%?@%ﬁé%%%s?ﬁ%%%% ag{hszla(fnlge]@&ﬁg@ relative to
t he i nnermegiksts, prrwemeﬁlfwndpmbagmeg in the flagl cﬂiam@dumtd%hspr@bmemmecont act

angle 55 js faor med b the fac enS| on en t he drophgbi c surface,
%‘HB‘MS&

et
the flui dnglerhoRy me néltm ‘ﬁé%gl%t et BerEeTh R T 4% on -and 10
t he hydr OP&W'eérPa E@nglapé'mldTi]@On%a?r%ﬁl}bSdeﬁéadlﬁgq& %vhétﬁerttﬂéﬂﬁﬂhb'ﬁ?bp‘aéatfn' Wrd 40
behi nd the neniscus, is prevented from propagatl ng in the flurd channel due
to the prb?iébb’laé@dl‘ﬁphﬁhéfeg’h@idr ophobic material in the hydr ophob| c region. As
can be seen, the neniscus changes between a concave and a convex profile
depeni ng[(nmS}l\héTohﬁhtrb]hﬁolﬁdgu’ud’l ofsth@mmagatpastghleregldsmIad/ohygeesxmaumpibem C

region. 15 [0Q2 contr tlon he nls this region, a
vol t age sf P@W&B %&iﬁcﬁaﬁiﬁ %%eaﬂ‘gég cpﬁéo%‘e E‘%WBW?WOFI G

2c to Chaﬁ‘ﬁ?drb{?]ﬁﬁc@béﬂ! Q%&bdpﬁhéa%%%ﬂatz&tag@ ehg dS\Q,RHé h&&oﬁo%‘i@maféﬁﬁl”
application  of a voltage, e.’g rophob| c material overlying the

el ect rodeowlm@mlﬁcnm%pbﬂcpmes h)eﬂni@pmlmamﬁbﬁhpmgcwgwam pepigatestdewndaan t he

fluid channel. The angle formed at the contact with the inner walls of the fluid channel -

20 changes.due to the (now) hydrophilic state of this region as shown in FIG. 2d. After the fluid
column 40 has passed, a region that was ch'an'ged to a hydrophilic state may revert back to its
natural hydrophobic state. However, reverting back to the hydrophobic state will have little
or no effect on the por‘dbn of fluid column 40 that has passed as the meniscus 45 has already
passed this region. In certaln aspects, the voltage applied to an electrode 25 may be turned

25  off orreversed after passage of the meniscus. This allows for the fluid flow in channe] 10 to
be controllably shut off at that hydrophobic region. For example, upon reverting back to a
hydrophobic state that region 30 will cut off fluid flow and a new meniscus will form at the
hydrophobic-hydrophilic interface. Unless stopped by another hydrophobic region, fluid tﬁat

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

30 [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. 2f), which is selectively converted to a hydrophilic state (FIG. 2g) .

to allow the meniscus and fluid columm to pass (FIG. 2h). In this manner, propagation of a



fluid channel. The angle fornmed at the contact with the inner walls of the
fluid channel 20 changes.due to the (now hydrophilic state of this region
as shown in FIG 2d. After the fluid colum 40 has passed, a region that
was changed ophilic state nmay revert back to it nat ur al

hydr ophobi c“;s %Ota%/m%wever, reverting back to the hydr Opﬁg’yﬁgzog?/gqogow N
have little or no effect on the-portion of fluid colum 40 that has passed
as the nesohanwst #idkas bakosagdled byaclsaibelyltostroligg tire.stdter afénterctiormsfrach s, * t he
voltage applied to an electrode 25 may be turned_25 off or_reversed after
passage OfYHIRIOREIPSER ENCORRIeIEdY féﬁ@ulﬂ&fbltwnft%ﬂwgfcgmef P ERAAREIS 40 to  be

controll : 18 i i or ;
reverting nﬁgﬁ&{ég’logj I)fh%gt(g%ﬂ%%f%%?g? Se}H{O g‘% Elj%lie]gglﬁlloljn‘s'a3OAL l\%l%(’ %ﬁpézcﬁ%c g@? lg11gclhui d

fl ow and aneatermenisshumnwif idnid¢ salindeadlatedin witgrdnppaohingpddydmgphe parops ofttles f ace.
Unl ess. st op%gd. bg anot her hydrophobic region, fluid that has already passed
will contPREt Iy r;E)ti""(ﬁ]pagate in channel 10 due to capillary forces. 30 [0026]
.. Simlar to FIGS 2a-d, FIGS. 2e-h show the neniscus 45, and fluid colum
40, propli§aTli n§céardingde onhembehmentea fieihod oframpiag o1 @eliveriag flid)includes

' 1h hyd hopi ' Fl G, 20 ich i | Lvel
conver t o a8 RE R AT @ LUERLR BB S s b sl W & o 380 I 1 i o

col um t oflgid$Barlnk] FacludBs an inﬁertﬁkf&cdﬁﬁﬁtr&ﬁnes%Qﬂf&gﬂtﬂuﬂﬂ%@fmg’ttﬁny@n@ﬂﬁﬁ/ 115464
PCT/ SG2005/ 000130 columm of fluid can be controlled by selectively

cont r ol | i Hgnpeléypiealiyanclydes oneor more oot clealinde TRAIATINGH on thegingpsurface
cont  Ruoud Prewror e HarEgEl buliE M S EME s athall Bl o,

ioni ¢ fl uswifaseichthe @Bantial siound tha agie withiadsyep bf hphdghodbid hatddslalvatledng eeclvat er

may be punped. using the nps of the 5 present invention. 100271 According
to one en%a%éﬁ%tr,o iRt ezsl?ossﬁwfrnsg{rfa& B@EI"?Q/@‘!PP?&? poe PREFueREe

coupl i ng Rntd $iifcSAHEGeRERMyRPopRillc! MthhipRIRpILRA ElekRodeslatdinduadiafpel as
descri bed above. The  fluid channel includes an inner surface that defines
an axis ofxpoked eeqirodpheraraferablyriutefspersad betrrgn tled pluspbistef doyeied eleateds one -or
nor e po | e L j he | r e hannel
L R e R L S e Sl

i nner  sulifdeghobic thixerislhaerigys catipstachd dietrad¢ ingyialttmatih@girostfobivysiophobi ¢

mat eri al overl aying, each second electrode ring. The expased inper surface
and the e%ﬂa@éﬂﬂlfelr K0P GERETCPIY PSS by SpKropRHETe \gﬁl?m;;%&aﬁéhﬁm@@?% §
hydr ophi | g5, AfmdrMdchi RJ]ﬁxeg_)é?‘ﬂ%i@krﬁE& f]QJQQ;ﬁaIﬁfe?is'p%;\Je H#8%ont B%sin?ﬂ&%@ld

el ectrodes are preferably interspersed between the plurality of "covered
el ect r odehydrophobic region it encounters. .

20  [0028] The method also typically includes applying voltages to consecutive selected ones
of the second electrode rings, beginning with the electrode ning underlying the first
hydrophobic region 50 as to cause the hydrophobic material overlaying the selected second
electrode rings to become hydroplﬁlic. Capillary forces move the meniscus past the regions
defined by the selected second electrode rings. so as to move a volume of fluid defined, in

25  part, by the number of selected second electrode rings to which a voltage is applied.
Depending on the relevant dimensions of the fluid channel, the fluid volume delivered can
range from one or a few attoliters up to picoliters, nanoliters, milliliters, etc. The 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
30  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.



15 rings (e.g., one exposed el ectrode between every two covered el ectrodes).
Because a | ayer of hydrophobic materi al overlays each second el ectrode
ring, alternating hydrophobic and hydrophilic regions are encountered by a
fluid propa hin the fluid channel along the ax us
formed by tﬁgi%ﬁﬂ}gh%n the fluid channel is prevented frg§$8§%@§ﬁgﬁﬁhe first
hydrophobic region it encounters. 20 [0028] The nethod al so typically

i ncl udes appbyld by appﬂremgresnet skilbasins dlvadri mey behsedt Adhwdebannet adchalingto dind

el ectrode ri i nnLn th the el ectrode r|n un er| first

hydr OphoBPESTRGISH SR Bon R EHE TSt St 11 M B FXImBEE 15 gt he
sel ect ed fRGRM4, n@ﬁ&ﬁas@sieprédlﬁe@mtapa h@i@%ﬁ&n@%@lﬁ?ﬁi\)e'a!n crdsaRbdtloany forces
move the nmeniscus past thé regions defined by the selected second el ectrode
ri ngs. sogemsngy amolwee,éowhmp?@ ofalor eliligtickéfspwasel; reﬂm@@fp@uangulmh@morrﬁdmber of

he T ot evin THREnCEOHG Grmetem i e arc s A pa R s ea can

range fr Omrﬂeﬂaxozppacitﬁ)w Fot &lmﬁ;ﬂé Sn bk $iRuRI 6Rkd-ERMion eMBOdikiehe lﬂ$e. fluid
mlliliters, etc. The fluid flow can be stopped, if desired, usin
%@bects

i nt egr at e@lhamﬁws érdlwt@ wiebeng 1084m erHesss &Fh@‘éld bE eoprstiated ﬂié#téh iprgefe

a fluid ch

phot ol § ¢ R ARt isPaRh FEnt b o RaBieRY ERbAAL R A BRI & i
i nsul at Edoffp}'ﬂoanbhth@grapmubahﬁg (m@ncm‘&tnay on &t drae wif a0@ thnd epite thedugtopemand an
insulator Speci fic exanples include silicon, silicon nitride, quartz,

gl ass Qandmé‘tgﬁers It should be appreciated that other materials. 8 WD
2006/ 115464 PCT/ S&G2005/ 000130 as woul d be apparent to one skilled in the
art may b§0036kd In prefdrieddspdris) A3 TCGR Elopxdpolymienistused fOp tlestedrophobeniayen(s)

Fovever . TEarbmeedEValis SATLAEElRPOus HRa R bRl FiE R TP © T

Cr 0SS+ secChi/@dphobi GROERE) inchsdecdhyassuldiag mexeapihet haowabifivfentllyHigh dieRttricsquar e,
rectangul ar, triangul ar, hexagonal , 5 etc. Further, the fluid channel, in

certain aSpetans esaaotmaaowé%ﬂlar%ﬁgi Rask tahydaephobcatate Heon applicatiqn of an
appl i gati g rofnaemlvgl’ta ki BRE a@gs%clw%&ﬁw&ﬁgiﬁggfzgwp the

fluid channel has a dianeter” of about 100 m or .
appr eci at ddflomDTFEHBFA| BERREITR, (ITER aldeotleens, aslive® as otbar mitedlsenchcasoss

sectional geonetry..channel s) can,range to.t,he Ijm.t of .
ot on 1 ¢ hGHFES, SaSn aRRE AR R g R i Bor b b ey up 1o
the nmm or cedutfivd RBER, sendb3ihctors Mdebeductte papaets ExpPidduderapet yyer is

used for the hydrophobic |ayer(s)
and other mefals, as well as other materials such as Si, polyaniline, polythiopene,

20  polyphenylenevinylene, etc. It should be appreciated that the material used for the electrodes
may differ between electrodes. For example, the exposed electrodes may include materials
different from the materials used for the covered electrodes. Additionally, the materials used
for different covered or expoéed electrodes may also vary. Itis preferred that the electrodes
are made of hydrophilic material to prevent them from affecting fluid flow, although the

25 covered electrodes may be made of a hydrophobic material if desired.

[0031] The dimensions of electrodes and spacings between electrodes may also vary. In
preferred aspects, 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
30 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



material and gold (Au) is used for the electrodes. In general, useful
materials for the hydrophobic |ayer(s) include any insulating naterial that
has a sufficiently high dielectric constant, e.g., to allow for the

reversal bagky 20bd1184d2ydr ophobi c state upon application o opriate
i nverse vol tage s} gnal . Exanpl es include a fluoropol ynerﬁgﬁgﬁgog%/&g%@

Tefl on, PTFE, PFA, PEP, ETFE, CTEE and others, as well as other materials
such as therstdncs betereri ess expused eldetsnde end acdveraiedectrotie withiedndleatmtiepainiss f or

t he el ectrodes.incl| ude onductive.nmetal g, sem_.conductors and conductive
pol yners. S‘%ﬁ@ﬂwl'g’s&’f PREPUtPE © _F_? Hrairs oué‘_ﬁﬂt ‘gf ﬁB‘rd‘i%é{“éﬂ s?loﬁ'gv%i%leseas ot her
materi al Sdi%fdﬁ&s%aySJary pab¥eniid ﬂﬁ@ng&@écﬁb@é ﬂ%%ﬂﬁrbué%upglﬂ)ém%&.nﬁw nyl ene,

etc. It should be appreciated that the material uSed for the el ectrodes may
di ff er betxeowie, Sheivterspdeing distance hetmstreclectinde pripowrevithih en tleotdeds prirymayncl ude
mat erisal S, didffer ent ftﬁogx t he. mat{eri alg .usgd fo}r1 t he OV@r ed el ectrodes.

Addi t i"onal ¥y SeRREDSARIPT Gen§iony of T gverying Bydqphobiq maealJaVey nos ed

el ectrodes may also vary. It is preferred that the electrodes are made of
hydr ophi | [0<93$rﬁt Acrghingdo ppe ¢weet, £ hrdrophobin layer des # width intha rangewf abavt haoyh t he

25 covere h ' Lal £ _desired.

[ 0031] Th@ﬂﬁ%lﬁé%%?%ﬁ%ﬂ%@ﬁ%@?? g@fengﬁ @Hl%%%g?%%é%%{%g‘@% %dc Fodes may al so
vary. |In dipieptiens efthagpricdhanndl Aed tpesrd pang ppakion Pheled)iadas awett a have

t hi cknesses ran%i ng from about 100 nmor smaller to about 1 mor greater,

and wi dt hBYJremigPifgays At adueimespothetsen abowl ! mg ox nallsoard abowi] g Peat er
pr ef e{@bl v chet Weeh, ?Wﬁe ] né]B?x?cg% }@Efbﬁlob}:g)lagk r Eﬁré%m(ﬂ:&)gﬁi,
ry ode to e.

t hi ckness8s nay romel ectr ectr urther, In'pre é?rrled
aspect s, themeatenad osell thertimensiarsed thedl faod cloded aad ¢hetdepirediyplicadicnpifdiced from

each other by a.distance. ranging.fromabout 1. nmto,aboyt 10.nm qQr. greater.
T one. acpuBy. Lt BF St e dte nRBRB oo ne R RErE Y SRR T s
subst anti g&ﬁ,wntm@di&%ﬁﬁoh@ﬁmga@ﬁms bh@e bleryeh Lharsdlobicambr 1 The\@i 0Dl 15464
PCT/ SG2005/ 000130 . t he di stance between an exposed el ectrode and a covered

el ect r odecigftiadenderaéng e hydrgrhhas filmp layergp prefesshly smplerithan Bawidth of heifidet r ode
i h | : i st
pairs;4 r&g&h%& kol 1H'og.e%&%B@ﬂephﬁg‘l%ﬁgiwéggﬁdggﬁ aﬁ@ﬁ’@splﬁg%( abRt ¥y

bet ween and anong el'ectrode pairs channel . exanpl e,
t he i nt er ppsbrtey @astwerg éhanagbavrgitophobictithndeyepaThsdiorenwiohhofithacleataes wdtle

i , .5 dependj t he,. di i f | yi hydr gphobi
ot erial " AelsRnY P GRBT SOt amih i ¢ Bikes Epdus conit EFAMBEAERESTE has a
width in &lﬁ'&%é,%ﬂ%eﬂral%b%tpuﬂnp Jerfofrfkaia® MERR! Sde RilleANB et Will RBAWE 10 nm

(mllinmeters) or greater déepending on the : ) )
understand useful electrode and hydrophobic region configurations and materials.

20 [0033]) Advantageously, pumps according o the present invention are able to operate using .
applied voltages below about 30 Volts, and preferably below 20 Volts. In certain aspects,
voltages around 5 Volts or Jower may be épp].ied between an exposed electrode and a covered
electrode to convert the overlying hydrophobic rﬁaterial to a hydrophilic state. In general, a
pump according to the present invention can be operated at a lower voltage by optimizing the

25  thickness of the hydrophobic layer. 'Also, it is preferred that covered and exposed electrodes
be positioned in close proximity so as to reduce the needed actuation voltage. However, as
above, an exposed electrode 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
30 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 rensions of the fluid channel and the desired punp application. Further,
in one aspect, a hydrophobic |ayer has a thickness of between about | nm or
smal | er and about 100 nmor 10 greater. In general, the dinensions of a

hydr ophobi c uired will depend, in part, on the used, the
) ! C\)\%@%’ %E/nfsffﬂ gﬁgg%()o? Q130

di nensi ons uid channel and the desired appllcatr punp.

Li kewi se, the dinensions and materials of an underlying el ectrode may
depend, i that ¢¥atdels mlﬂgmhdlmseﬂmalagudmﬁtee carabesfabficdtbduongsinyliang

hydr ophobj c_l.ayer. The w d t% of an, electrode underlying a hydrophobi c film
| ayer is ??F]@?% c8 BYith TBIRRT RALCAEMNSt he wi dth of the film 15 |ayer. For

exanpl e, in one enbodi nent, the underlying el ectrodes are about 2 pmto
about 5 [003§horlndhe G(xamp}e(mew)l in RER 5 bendeydisibpimiglpss thickafaliriopton. The

di mensi ons of ,the el ectrrodes will determ h ote |aI the tinme
"t "Takes TP TR HRGPHe e THEOREeCo 1o S Eh AT B dFer al |y ¢ he
punp perf aema%emgm%ard @I&Qmﬁ%'téchﬁ:@uésn Hob @ nférochinhél, ﬁ9ﬁ&bfe}élst1‘é@9§irc§£t€dﬂd
useful el ectrode and hydrophobic region configurati ons and materials. 20

[ 0033] Adv:aﬂlea@eougwaﬁer moa@bwlmanlgot@maahmnmreseﬁte rhisrasheinshpaiies. abl e to

20 val ts. AaasPRRrs e pRebERER ol E bR el W P B Bl e

appl i ed bBHM@u@gh@@e@mdmbest@zQQﬂhapmemmy@r ehersaktes using ovet erckiggvert the
over|lying hydrophobic materi al Kdro philic state. In general, a

accor di ng(&®: KRE. AP%3NC); th%é}i*ﬁrmélris gishedle %@HP‘E@CP&]P e8| 19vasrab 104 gan byrrp
optinjgi ngeehh%?ﬁ:e eﬂa’cﬁ“g(ﬁ%%fl eg?:t 5, oWﬁﬁdﬁP%bﬂP??oc‘e hsedﬁlb%%nsfe} th%?m eferred

t hat covered and expose oned i n close pr ox ty so as
tor educeomtb@huteeaﬂsdwhmhwm giassvcﬂmmgées arbﬁaemed by sqsut‘temilug\ie (e.anléekmased

el ectrode used a C ect r urt he punps
accor di ngtl}qggtaﬂ‘g‘é‘ﬁr(%e%é %ﬁﬁ o&g aﬁ‘g gélg(?%? 6?}5’1‘] q'(l;rﬂbéal? ui d.

[ 0034] . OngaxiR&tBles? MHOERESphdDid RMBRrA, egrrewexg mayftbbﬂ Be @é}a@&ﬂ%l ebh a
substrate 30 incl udi ng the act uatl on features (e.g., electrodes and

hydr ophobbmin kesied, s¥posed, devdopndeand stched pajiemielldnown FobexagmemilGet sheatsew wi't h
refer Ff[‘ceflhé’vﬂv%f a%ﬁtm a%@uli{‘f’l\é%m%e%r%&ﬂ%%taesgﬁ%uafteaa%' c%%ﬁ p% dﬂq g ectangul ar

cross secil on chann e apprecia one skKi In the ail 10
WO 2006/ 1hpdt6ghdBicThBER410 5 BOGIIIR appiieeainted izt el 8)0*7&31&0@@' at henple efss--sect i onal

geonetries ¢ be.fabricate uin imla th m nor

Todi 11 cat PR PEBITS crpale £ AuiEcHafed P Bl am i aanatiss Al eteras
si | i con/ ghaamelttCanaipdehCoddps AMhy HeO BN RGBS are used to fabricate the
m crochannels. First, silicon and glass wafers are

[0036] FIG. 3 is a photograph of a side view of a fabricated pump according to the present
20  invention. As shown, thepump includes a fluid channel] and a plurality of electrode rings
covered with CYTOP. A plurality of exposed electrode rings adjacent the covered electrodes
are also shown. The channe] width, depth and the electrode spacing are in the range of a few
nm to a few mm. FIG. 4 shows a series of snapshots taken of the pump in FIG. 3 when
actively pumping fluid. As shown, the direction of fluid flow is from left to right in the fluid
25  channel. Upon application of a voltage potential between the covered and exposed
electrodes, the meniscus of the fluid passes across the region defined by the CYTOP covered

electrode.

[0037] It 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 .
30 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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5 cl eaned using standard cl eaning techni ques. For a m crochannel, a

photoresist is spin coated on the silicon wafer, then exposed with a

phot omask contai ning the m crochannel pattern. After devel oping, the

m cr ochannelw@@zoé/ersissi s transferred to the photoresist. BEEelhci@so@1®- . BHF

etching, is used to renmove SiQ2 oh the patterned area. Thereafter, using wet

et chi ng e q,, KOH 40%.60C), the channel, is etched to the desired depth,

e.g., to &)@33130&19 oawflﬁ?%ea & bydrephobi¢eoating Heluslge e Sﬂt“@?’ﬁ'&@, mgnoiayer .

photolith hyy 1 SeddSEHell BetWean BeSiechidge RA HENN;d 1ANEOMRRALBELSI St
gﬁ@g? ) fp%ﬁfﬁ%[sm e eli®e efdie e id 1 Hriel >

which is ass. Electrodes are formed by sputtering O (e.g.,

t hi ck) anthetyd{aphgbic S20d intemavied (k3. erotvedhwhwhfesposes ihethydifophilic etegisede,
performed to.obtain the tterned el ect.rodes. ....The hydrophohi.c .materi al,
b < COyTdistera St 5 sl Dive i Rido SuE MTE]; T dend = ERBLLG Daevel oped
and et g¢hed:A%dihe aNBbdrof@¥evelfsed bRX [ETRIgE, thE K &M éoﬁag\é@;@eés'éerﬁme@oyl ew of a
flat rectangul ar el'ectrode fornmed on a substrate and covered with a

hydr ophobireasseatbéed iglproduce sredipidaorbebiapesiens i ktandthehembaedimenthibe sostings an {hean

o1 onarBeoRToEmta PR e M bSeiel okl SHRIEn AR SFhathis) o

used as deldceit bie@3RmithEhydoplobic fabfatOicapies Bfdrapiglidignatheqeil a
fabricated punp according to the present. 20 invention. As shown, the punp
i ncl udes AT9PREFE BrAsHADE chaanel. dismapgessis genegalbergtsersiblhgs covered with
CYTOP. A plurality of exposed el ectrode rings adjacent the covered

el ect 10de$00348} e Whieothshovwantio has ik desetibed it Way dbptampinahdtihenak e€theode

spacing are in the range .of .a . few, ri o) few mm. Fl 4 shows.a . series of
Shanshot o speskii SBrodRBS, s 1 he Edertead et e endRihis no hpitsabo e iR CSR
shown, t hepflbagdntOMmote %M%a‘iiy,fi{ RWitkiell 1 OBV Aridul niddidatibis dnldQirhfiasi d 25

channel . Upon application of a voltage potential between the covered and
exposed @lreegenisatssas Whed hepppscans taghosersailied i thesats Fos exammpde one Blallepdigithh
defined b A v I r 0037] | | e St hat
vari ous mad T Etbelnd BHE IR b e BF e A Rent il o Moo RO BRI T
scopel6f thébprkesedin 4 cheantliveing theoconarBeqiyerofhobicitl acthataaefestiregsf than be. 30

repl aced by el ectrodes_havi ng .qt her onetries, e.qg., for a channel having a
cr gs S-S ectp?/e(?f’f“d’iwe&“m?egl’@ﬁi ﬁ‘flgtc gméllg ZW{IEBH‘é’étﬁ‘&lgﬁc'g‘é“?Pajg%mfeé) Pt angul gr
and flat. dlifferd¥p 26006k 2404r BRbNsIAARHO DB codl AR ket . ANQ, ERDIOSHEENt , @

hydr ophobi ¢ coating includes a self assenbl ed nonol ayer (SAM. By appl yi ng
an el ect r inethieepxpased olewyerelenest aet suggendithg chermel, Ifor Grampls) they mALCQRIBANE| |, .

" a portion of a circular channel or only one side of a rectangular channel. Therefore, the scope
20 of the appended claims should be accorded the broadest interpretation so as to encompass all

such modifications and similar arrangements.
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t he hydrophobic SAMis renoved (e.g., dissolved) which exposes the
hydrophilic electrode, thereby allowing the capillary effect to nove the
fluid. This process is reversible; by 5 providing an appropriate reversed

bi as voltage, the SAM coati ng can be assenbled or reassenbled to produce
the hydrophobic region. In another enbodiment, the coatings on the

hydr ophobi ¢ area include a thin filmhaving | ow di el ectric breakdown

vol t age. mmn ric breaks down the hydrophobic surface becones
hydr ophi | f propagat es through the channel. This process is
generally not reversible. 10 [0039]- Wile the invention has been descri bed
by wayj of exanple and i n hf&BBuRp f&?&npﬁ@%%bﬁﬂl&lo@@@ﬂ'c%rﬁ cotpridifp:t 0 be
understood that the invention is not Iimted to the disclosed errbodl ment s.
To the2contrary, i tafwdichiaadeyingandenes surfase iaed definieg 41 wag ofdhdd and sinmil ar
arrangene uld be apparent to those skilled in the art. For exanple,
one sk?l Ig{(?ia%ﬁ?%o art will understand that the punps of the present

i nvent4on can be u&eﬂrstdeqatudprmguils@os‘edromhainﬂf&sa:fabetma@kw/a;axdakrs a channel
using the controlled ho |C|ty act yation feat res of th resent

i nvent?on. Further, a?eF%G‘?‘{Jagm foRg dishpse OBﬂ‘W”Pqﬁéﬁrtacﬁ@f‘ﬂ%‘flls aa?‘ga%"@r es)

havi nge "di ff er ent Qaeﬁﬂl@rtdf'h%roﬁﬁ@cﬁ@ﬁaaféhﬂﬁd%flé’ﬁﬁg 2 Re8d ElebiréletifpOWRERR | N
series. Also, electrodes, ~whet exposed or covered, need not surround the
channet, apphc@mrqf Iaefotthwbemlgendbw ﬁrst eedtyode amg end therseesid glectrodeuizg whsnannel  or

AL O e R e

enconpass al | such nodi fications and siml ar arrangenments. 12 WHAT IS

CLAIMER IS 1 1. A gicr ommlér urRdSRIAS 12 whefhd Qe hhw id Fe@érh' Wthe
conprising: 2 a fluid channel aV|n an i'nner surface and de Ining an axis
of flui2d 3yt Spagrdtthohydrapkobid lager m¢\@ntsra@msrcumfynu¢¢b§omﬂm frame i nner
surface around said axis ond trode rin se i, nner
st f ace argrmae i Aol o0 PSSR BT VGt AR IREP IR ATERIEy g
t he seaondiml.a6 tHedfardphbbic mukelagbétomés BpRbpiahd, icapilialy fercydhbadihe BRhisegn t he
first electrode ring and the second electrode ring when a 8 fluid is
presenﬁ|r?%?@?%%ﬁﬁ%@ﬁn%%M%%@S%WE d Hpgr ophobic material to become
hydrophilic. 1 2. The mcropunp of claim1, wherein when the fluid is
present in the 2 fluid channel, the hydrophobic |ayer prevents a neni scus
formed by said fluid from

1 3. The micropump of claim 1, wherein the hydrophobic material includes

2 an insulating material having a substantially high dielectric constant.

1 4. The micropump of claim 1, wherein the hydrophobic material includes

2  adielectric.

1 5. The micropump of claim 4, wherein the dielectric is selected from the

2 group consisting of CYTOP, Teflon and zirconium oxynitride.

1 6. The micropump of claim 1, wherein the fluid channel is formed in a
2 substrate material selected from the group consisting of silicon, silicon nitride, quartz,

3 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 semiconductor, a dielectric, ceramic, an insulated conductor and an

B OW N

insulator.
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3 propagating along said axis, and wherein when the voltage is applied to
the second electrode 4 ring and the hydrophobic material becones
hydrophilic, capillary forces nove the neniscus 5 past the region defined
by the second ring. 1 3. The m cropunp of claim1, wherein the hydrophobic
material includes 2 an insulating material having a substantially high
dielectric constant. 1 4. The m cropunp of claim1l, wherein the hydrophobic
material includes 2 a dielectric. 1 5. The mcropunp of claim4, wherein
the didlectric is sd ect cHefRigHAPIRR oleagnduwh@@ﬁéﬁ%ﬁrsheleéﬁowckr@ﬁ|aon and

zi rconiyum oxynitri . 1 : } ] fluid
channel™ i scopéli}crﬁ%’ g "?agenaajr s%e%t ucgg?llglatﬁ%a glﬁggg?]%gﬂtlﬁg g* éé'}éugega&w&grﬁ# d’é‘&g% u p
consi sB3i NGe@dmisiahd 6 @Onditive pelmer.t ri de, quartz, 3 polyner, plastic and

glass. 1 7. The mcropunp of claim1, wherein the fluid channel is fornmed in
a 2 substrate material selected fromthe giroup consi sting of an insul ated
I

metal , lan insul at ed %hon- 'Qher@tcéqR““&rPﬁ%@. abBereudhe ébﬁﬁlfé’ffﬁﬁie,n%glé?]lé@%@t ric,
ceram % me{apiﬁcﬁ??ﬁwgﬁ)goﬁﬁ n@gfﬁumg_ator. 13 1 8. The m cropunp of

claim erern Irst®el’ectrode”ring 1ncludes a 2 conductive materi al
selected fromthe group consisting of a metal, a sem conductor, a 3 ceramc
and a conductive pol Yirer . The @icraguenméofol apulywhefeircthaisenohd eldvads ming iheluddsr st

el ect rqzde ri ng includes [

a . 2 tal .selected.fromthe group consisting of Au
and Pt.2 1 4 BPTORRRVERAEBAPlsCST ok EIORRBR e o Ran e B RAEPRBERbte 1 i ng
includes  gergmfeOduoh ¥t pBlyhitk. Sel ected fromthe group consisting of a
netal, a sem conductor, a 3 ceram c and a conductive polyner. 1 11. The

m cropunp of claim 1, wherein the second el ectrode ring includes 2

different material thhn theemigepung efalade wheren the Si@ndﬂlﬁﬁﬁﬂ%ﬁ%@ﬂgd@f
claim 1, \A@%{ﬁ{&’tﬁ%ﬂh&%&tﬂ@qﬁ?%& eSipgctrode 2 rings are displaced
u d" about m Trom &;

bet ween abo nm an m&ach other within the fluid 3

channel. 1 13. The m cropunp of claim1l, wherein the hydrophobic |ayer has a
width 1 12. The micropump of claim 1, wherein the first and second electrode

2 rings are displaced between about 1 nm and about 10 nm from each other within the fluid

channel.

1 13.  The micropump of claim 1, wherein the hydrophobic layer has a width
2  inthe range of about 0.1 nm to about 10 mm, and a thickness in the range of about 1 nm to
3 about 100 nm.

1 14.  The micropump of claim 1, wherein the voltage applied to the first ring
2  and the second ring ranges from 30V t0 0.1V,

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

3 hexagonal, and octagonal.

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

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

1 17. A micropump for pumping a continuous fluid column, comprising:
2 a fluid channel having an inner surface and defining an axis of fluid

3 propagation;

4 one or more first electrode rings disposed on the inner surface around said
5  axis;
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2 in the range of about 0.1 nmto about 10 nmm and a thickness in the range
of about 1 inn to 3 about 100 nm 1 14. The m cropunp of claim1, wherein
the voltage applied to the first ring 2 and the second ring ranges from 30V
to 0.1 V. 1 15. The micropunp of claim1, wherein the fluid channel has a
cross 2 section geonetry selected fromthe group consisting of circular,
rectangular, elliptical, 3 hexagonal, and octagonal. 1 16. The m cropunp of
claim 15, wherein the circular cross section of the 2 fluid channel has a
di amet ek of |ess thaaphibdity of 8@omd eldctivde ridgsdisposgliorpthe dinep surfricagroand said

continuous fluid colum, caonprising: 2 a fluid channel  having an_inner
sur f ace Tan@* eV HFRGA ﬁe%ﬁg’%&fm@q ’8?%? aze infepsperyed ‘g%}‘(?elhsa&fﬂ%“ed?r%‘ﬂi? frsti r st
el ectroge ridgsiddisRoafd on the inner surface around said 5 axis; 14 6 a

plurality of second el ectrode rings disposed on the inner surface around
said 79axis, wherei alaysi of lyleephdbisineaterrabaeeriaying sacdy ssconsk alectnode gngisusbt ween

said o or. e first .8 electrode,ri.ngs; and [ hydr aphobi c.
vatori i ovalRpieiaorieRE e BiabhiaGe Rt a® hen®etq fbnd Y SR Shefin

hydr ophiabi cppliwhtiby 6f Dpdltdge Getiwegh onsofaid ffielicttds Biksahdagelseatd omxofSaidwher ei n
| 1 application of a_voltage beti}]lv_\een one ,of said first el ectroge éi ngs and a
sel ect 6@ orfecasf elesiredeinngs ¢ fBndseed ip Fh"ré@“ ¢l cppsss theihydppadint in

the flujd qﬂﬁmgg&tﬁagﬁgge%g%mlé% AT Q&Qtﬁbec;oﬁer%%ﬁhﬁic. over | aying said

selected electro me hydrophilic. 1 18" The m cropunp of claim 17
wherein when the fluid is present in the 2 fluid channel, a hydrophobic

| ayer prievents a nmenigcus TrmiRebplinpSodicHirh 19] Whdreia WHATEd MEld is grefndinther ei n
when the voltage is aglpl ied to the Selected second el ectrode ring and the 4
Y

over | ayi?ng yid chpmebp&ydipbetialayscprevants ampenisptiformed byppid fluid fromapassing.move

t he neniscu I.on. i t o l.ect rode
ing 1 6. BTl Wl nd GBI AN el O S B R B A O T T i
i's 2 punpedotenlaging hydrophotic majemiabbeasmeehyerophili chpillaryforrbemood the ansizeu | ve
second 14 g, B3 egich Heed Py Al PheRR SIS ST @ Vol tage.

1 19.  The micropump of claim 17, wherein a controlled volume of fluid is
2  pumped through the micropump as determined by a number of consecutive second rings that

3 are activated by application of a voltage.

1 20.  The micropump of claim 17, wherein the hydrophobic material

2 includes a dielectric or insulator materials.

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

2 includes a dielectric.

1 22, The micropump of claim 21, wherein the dielectric is selected from the

2 group consisting of CYTOP, Teflon and zirconium oxynitride.

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

3 metal, an insulated semiconductor and insulated conductor and an insulator.

1 24, The micropump of claim 17, wherein the fluid channel is formed in a
2 substrate material selected from the group consisting of silicon, silicon nitride, quartz and

3 glass.
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1 20. The m cropunp of claim 17, wherein the hydrophobic material 2
includes a dielectric or insulator materials. 1 21. The m cropunp of claim
17, wherein the hydrophobic material 2 includes a dielectric. 1 22. The

m cropunp of claim 21, wherein the dielectric is selected fromthe 2 group
consi sting of CYTOP, Teflon and zirconiumoxynjtride. 1 23. The m cropunp of
claim17, wherein the fluid channel is formed in a 2 substrate materi al
selected fromthe group consisting of an insulated netal, an insulated non-
3 nmetal, an insul ated sem conductor and insul ated conductor and an

insulagor. 1 24. Thesn CropwWiBrophmeloftiind 77, wiedifleficH it élestidde GhgHtdldel S
formed in a 2 substrate material selected fromthe group consisting of

silicod, s<idonduntivaimateriedselepied fromdheigrmup peisisting gf 4 npkal, ayemipindpeipuang 2of
claim}7, vvhgrQ?i n e@gn@rfi rst electrode ring includes 2 a conductive
materi a1 SEPEEEEPPYEINt he group consisting of a netal, a semi conductor and

a 3 conductive polyner. 1 26. The m cropunp of claim17, wherein each first
el ectrqde ring incl @des TheaniRipampadickih ed, Wiaemtehch frsdtlpciemiesingtinahgiesf An
and Pt. 1 27. The mcropunp of clajm 17, wherein each second el ectrode ring
2 incl Qde§lae@b$$éﬁ9&difwnﬂﬁ%PFﬁP°‘§§P§%?%“P‘F‘i}ﬁ‘rthe group consisting, of a

netal, a sem conductor 3 and a conductive polyner. 1 28. The m cropunp of

claim 47, wherein ong. or PRIBicRREANDLIRIER"TMRereid bl G ohAEkHRICGiY [T er ent

I
material than one or nore of t rst el ectrode rings. 1 2]96. The m cropunp
of cl ai2m Iif¢cluddser @nductorsedetdlselefted §bmahelgwep ootsidinglof etrmedaiea sermgmdacter
di splaced b tweeH about. 1 nm and about 10 rimfrom each other within the 3
fluid cgharﬁ'f’gla.cof WAVEPREMfTcr opunp of claim 17, wherein each hydr ophobic
| ayer has a 2 width in the range of about 0.1 nmto about 10 mm and a

thicknegss in the range of Tab@itrophmpdoficdditly, wherdin cHeGr Mibre secdid elthtode
m cropunp of claim 17, wherein the voltage applied to a first ring 2 and

each sél ectiegs iBdadmadiffergt matqrigl thas opaprgrorgof fhedirskdectrage gngs.
1 29.  The micropump of claim 17, wherein consecutive first and second

2 electrode rings are displaced between about 1 nm and about 10 nm from each other within the

3 fluid channel.

1 30.  The micropump of claim 17, wherein each hydrophobic layer has a
2  width in the range of about 0.1 nm to about 10 mm, and a thickness in the range of about 1

3 nmto about 100 nm.

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

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

1 32.  The micropump of claim 17, wherein the fluid channel has a cross
2 section geometry selected from the group consisting of circular, rectangular, elliptical,

3 hexagonal, and octagonal.

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

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

1 34. A method of delivering controlled amounts of fluid, the method

2 comprising:

3 coupling a fluid source to a fluid channel having an inner surface, said fluid
4  channel defining an axis of fluid propagation, wherein said fluid channel further includes:
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1 32. The mcropunp of claim 17, wherein the fluid channel has a cross 2
section geonetry selected fromthe group consisting of circular,
rectangul ar, elliptical, 3 hexagonal, and octagonal. 1 33. The m cropunp of
claim 32, wherein the cross section of the fluid 2 channel has a dianeter
of | ess than about 100 m 1 34. A nethod of delivering controlled anounts of
fluid, the nethod 2 conprising: 3 coupling a fluid source to a fluid
channel having an inner surface, said fluid 4 channel defining an axis of
fluid propagation, RRAepPEMAresteleqtigderingsdispoped qythey Bes fefagejagind seéd'5 one or
nore figst electrode rings disposed on the inner surface around said 6

axi s; ? a plarality of second el ectrode rings disposed on the inner surface
around 7sai d 8 axi s aghaaiitytofiseqad skdirdietringe dispeased on the innervorfecefarowt said

el ectraode ri.ngs;. .and 9 | ayer of hydrophgobj ter.ial oyerlaying each
second Sl eae‘tlsr%laéntﬁisﬂﬁsegﬁ%éﬁw i?sta}ﬁlacineﬂfné’g%gxts{ %3%98?18%85 ¢ and hydrophilic
regi ong are encount @nggkr W hidropRdbe: hhteiidl ooyt eacH decoh@Blgctseding e and 12
appl ying a voltage between selected ones of said first el ectrodes and 13

conseclft i vibatpdpmetinghysiierhobic andibydephidip seeiqns cre weeurerpd within the fluig chanpsk t he

hydr opﬂobi on 1S%fd’r&gser'@l overlaying said selected second electrode rings to
becone” hydrophi-Ti ¢, "wherein a 15 neniscus forned by the fluid in the fluid
channei2 i s prevent edpplyip padiape betavetryticopiobescof sifd firegilanpdanmidwher ei n

capillary forces nove the nepi scus t the.regions define e 17
sel ect B sE@SHYIE %Xel”FeécPé‘e? p %SBOTEE@QCUO%U%?S O%F%%S%ﬁlegp’g‘%ﬁ%@?i ned by
the nuf@ermQ{eriaIJegleﬁﬁli@é:;‘ha@se‘ifc@%’k@c&{d%@éc{r@&gariﬁgtsﬂgEeCO%ne:}éldroBlﬂﬁicUﬁha@ﬁi Hf claim

34, wherein the flui"d channel has a cross section geonetry selected from
t he grbup wersiusformgd by the Heidiimthe fhedehaneal ispreveatedifiam passingladiydepphalic 3 and
oct agopal . 1. 36 f I i @ggt of the
fluid ¢ anrr?épg’ @dﬁ?ﬁeré&ﬁéé@ﬁg&é@ﬁ%ﬁhﬁ%@% %\égﬁ&glggﬁt %ﬁgfoﬁg a?[ .blygf]h[eee met hod
of cl aim 3dklectddar@nd elbotrséctihds\we af ta mbveaneblwee onfiuid defisct byatlentimbgofar e

di spl aced between a oPt 1.nmand about 10 inn from each other within the
18  selected second electrode rings.

35. The method of claim 34, wherein the fluid channel has a cross section
2 geometry selected from the group consisting of circular, rectangular, elliptical, hexagonal,

and octagonal.

36. The method of claim 35, wherein the cross section of the fluid channel

2 has a diameter of less than about 100 pm.

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

3 fluid channel.

1 38. The method of claim 34, wherein each hydrophobic layer has a width

2 inthe range of about 0.1 nm to about 10 mm, and a thickness in the range of about 1 nm to
about 100 nm.

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

2  electrode and each selected second ring ranges from 30V to 0.1V.
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3 fluid channel. 1 38. The nethod of claim 34, wherein each hydrophobic
| ayer has a width 2 in the range of about 0.1 nmto about 10 mm and a
t hi ckness in the range of about 1 Wh to 3 about 100 nm 1 39. The net hod of
claim34, wWHOPPHISHR voltage applied to a first 2 el ecPEHIE2NNYBAch
sel ected second ring ranges from30V to 0.1V. 17 WD 2006/ 115464
PCT/ SG2005/ 000130 1 40. The nethod of claim34, wherein spaci ng between
consequtive second 402 el'Betmenwled bf 16ish YA RHREin AACingefiien cohRciiplcaRnaf
fluid noved is based on the spacing 3 between selected second rings. 1 41.
The miZr ofestypdetings waries,andrwirartiathecwipne of Migd moved isdipeedouthesptang 2
proviggngbgge %Pihggeeéo tQ% first and second el ectrodes. 1 42. The

wn)e ©& %419 f,CPSF1 éT'conprising a voltage source for 2 providing

m cro

the voltage to the first el ectrode and the sel ected second el ectrodes. 18
1 41.  The micropump of claim 1, further comprising a voltage source for
2 providing the voltage to the first and second electrodes.

1 42.  The micropump of claim 17, further comprising a voltage source for

| ]

providing the voltage to the first electrode and the selected second electrodes.

18





