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to a mcro-punp (or miniature punp) that is
suitable for use in bionedical and bio-analyticg august 2006
applications. [0002] M cro- puH‘ps have recently been “of

i nterest and found applicatio for exanple, in the
|ife sciences and the pharmaceutical sector. One
application is the deli WCRGPUMBgs to the human
body. For this purpose, mcro-punps are worn on the
human body or inplanted therein. Mcro-punps are al so
UBARAKEROIINIDO bi o-anal ytical or biochem cal research.

'[OOOSL Ohe of the driving factors for the increase in

bi080%hal Y% SnypRiioR selpiRssio AsMIGR-REGMD (@t MéNalre Pranp) that is
B I B P APIA bioh s‘é{% BRSHAES éd?:m&%iﬁméf’ip' d
evel opnen nDIec agno trcs'rn e

| P02t oMIcmrpLD'lp@ Maselrecar)ﬂs/t besn ofisSeidrash antideand applications,
I%boratorl £es ude mcro vvh ch are e [
f

tial .
F SraEble. e e Gt g Rrel MRSIWER SR Fine gpplication

SRhé @éliveﬁhﬁﬁ%irtﬁﬂ;éf‘fd)ﬂﬁ%mﬁan WohD. Fortisig dp”m e, mlcro-pumps are
m cro-val ves, are capabl e of precise and control | e

f waindor e b‘é'ﬂaﬂ hody Ie& imalagéed therein. Micw-pemps r@re ai,so used in
a@gt ﬁ&%ﬁl% &Eﬁé%ﬂmamﬁga.%ﬂﬂponent s in a diagnostic

Mc Mg m cro-punps, are typically disposed
afopes} ealhe ofishe divirgefacion for, tha intrease prubip-dratysis applications
such a dlp??%nostl C syétem shou

ci§sihe gamplenara of fhe dnang @BH{"]BOF’YOJF%@MT&\@‘%%Y&S'“ the rapid

td’él%‘?oﬁ?ﬁeﬂ?‘o‘? [rPoRIGIRT cﬁé%‘uo%‘t’éé; linhhe laea®rieé. Diggostic systems
m cro- punps are described in U S. Patent Application

20w noBess R @Rriast ingiude micterPURRS Yhichiaya essential for micro-

g 8 by RS Y8 s, i
Maitdgratbe nmem-ualv,es afleccapablenpf p@oagmd smrrtganahlel filid delivery in
R 5 i 54 e, B B
5dé89039@93ysm(1ﬁc@ﬁm§t micro gwgéTﬂhﬁeC@}dldeHPf dtMﬁfSed after each

Mcro punp' S. Patent 6, G osj ean et al
warﬁansmwﬂﬂmmﬁmcrqplsﬂpﬁaf S5 19, SHeB, %ﬁ@gn%‘gfe?v%?m should

o § Ao gl o 0

[00ﬂ|4])f alsfammes @p@ ab nionerpumpalare aaaadamanp%ygtcrmbese micro-
ngr'n[eag are elsce:fn Bed®h B's: Pa%?ﬁkﬁﬁplm%hbn Pﬂdﬁ%ﬁﬁ%msfs Choi et al,,

“Thermally Driven Micro-pump Buried In A Silicon Substrate And Method For
Fabricating The Same”; U.S. Patent 6,390,791, Maillefer et al., “Micro Pump
Comprising an Inlet Conirol Member For Its Self-Priming”; U.S. Paient
5.759,014, Van Lintel, “Micro-pump”; U.S. Patent 5,499,909, Yamada et al.,
“Pneumatically Driven Micro-pump”; U.S. Patent 6,520,753, Grosjean et al.,
“Planar Micro-pump”; U.S. Patent 6,408,878, Unger et al., "Microfabricated
Flastomeric Valve And Pump Sysiems”; WO 02/43615, Unger et al,
“Microfabricated Elastomeric Vaive And Pump Systems”; Didier Maillefer et al.,
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wo koghis#ey f ormance Silicon Mcro-punp For D spQsadt®04/000314
Drug Delivery Systens", The thirteenth | EEE

International Mcro Electro, Mechanical Systemsg august 2006
( MEMS- 2000) Conf erence, M yazaki, Japan; Melvin Khoo

et al. , "A Novel M cromachi‘ned Magneti c Menbrane

M crofluid Punp", The 22nd Annual 5 International
ConfiligbrRasfosnante Sitiemn Edifropammgrarn Dispossabhe Bridy Detivery

SRR, 128 Eekey ek fiterallond i EiettBiBBRical systems

SEAENMBE2000N Comstehed) ngakgk:e Uaphnpi mém Q(lﬁdiiM@; %In Iula 90 Novel

rﬂlcro 'J'o%%g for |jquids and gases' 3

i MCEYAEIRRh| Maghatisn Me rawawﬁ licrollgigg Pusen’del irrggnd Arnual
f

> (5 gkbgaOoer egﬁgg seI ? ; ﬁngm]e : gfcoyé%gﬁ%r@rcégfomgy

rﬁ@:ﬂ@ijf.p u ﬁip?cagff hefl11@0aanuél. Lmneﬂnamm,at PdNailasywoikBI8ynfign and

S va S P e, et (PR issaeleaiie sifoon mcro-
ermﬁpfcrwﬁnudusana ek, W%eaﬂﬂ’ aﬁmfarHtéMaﬁbﬁéf%fkghdpﬁén MEMS.

hi rteenth | EEE International Mcro bectro Mechanica

c(emﬁmwewmﬂﬁ%%%& AVKgrapeik iJ; DapgrinW.Blodeld, and
10 perl Sﬁ% K 2&{3%%1“31&%‘»{ @é’sfe"(?ﬁ b&%l?er Eﬁ&%ﬁ?ﬁ%b* “The 11" arnual

ges
Tinwmamaet workSBop SeMEBMS, Jagateidblbey Geemah]au bb. @@HS?’ Jun

.al,. Af ! ﬂ@ rformance silicon .mcro n‘%
e$HJ didrapfledar TR {RYRRCE 1"?1'8’0'%@‘@ HelRg ctive and
Iﬁﬁrmwblo@@@ba%g’r FThiglcefith Eﬂﬂ?ﬁﬁ@ﬁhﬁéﬂalﬁm&hﬁ%cm Mechanical
(I\/EI\/B— 199E) Conf erence. Ol ando, Florida, USA 1999

SoyStanR SYESEHR0E) Carerarnepo MiaRsk ieRaRaLPI0; RhrirfeGepsiean
15 CBﬁaH ra mthé}nﬂ)lpn%nﬁ"ﬁﬂsrgf;@é[tt?s nh@t‘drﬁ.ﬁ'ﬁ el TRep, by 'Dfﬁ’est of

ves or two noz fuser fl guratl ons
iramduceran BanSergiad dapan;oand |laldt9rsMam%efentet al, “A high-

erPrnpide shedh mic gt o ifpeisBR d by systen, The

M%o!ﬁéﬁﬁp!rﬁ@naﬁbmﬁo&%b eEIactrg Pdchaeical SSyrdiems! (MEMSE! 999)
teenthdgggﬁ%lnt al Mcro Electro
GG CEF8PRnEO] O *Conference, M yazaki,
20 Jopes] THemdi Qphﬁéigﬂﬂc%-phhﬁﬁ;e fq@h@fanypm&nﬁie S (DAY in a
er

fabricated froma silicon wa usmgl
Aembendbal s hgunsieds githercly iWer eepicYRlMeR Pr vy nRzZle/diffuser
{
THESGAEN, A ol S kel 8L AT b, s,

Retenrdr 6@90&&1 tetmh Didieh ddaillefef @inalt h‘#bé—llghMmmabe 3Bilicon
ﬁ!@ﬁéé&l&ﬁéfg faceb[rﬂ; (ﬂrug nB%Pvgryngys'tgm%n a!%d tmrnfeenﬂ‘: iEEE
25 International Micro Electro Mechanical Systems (MEMS-2000) Conference,
Miyazaki, Japan. The diaphragm of these micro-pumps is typically fabricated
from a -silicon wafer using bulk micro-machining or surface micro-machining..
Bulk micro-machining is a subtractive fabrication method whereby single crystal
~ silicon is lithographically patterned and then etched to form three-dimensional -
30 shructures. Surface micro-machining is an additive method where layers of
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polysilicon, silicon nitrate, silicon dioxide, an
various suitable nmetals are sequentially added andyugust 2006
patterned to nmake three-dinensional structures. The

use of either of the above methods requires clean
roomfacilities and careful quality control processes.
Cmreieqmmtttd)rytypm heatérials such ps mrpi_ysilinmh usilnamgz nitnatessilicwodioxide,

i vaBous sufale Sl 25t Senlsrial padfkc, Al e 1S make
dirﬁémamér@maﬁstmm@aew usd bﬁéuﬂﬂatrldf@hé abbERRthods requires

~mcro-punps i s thus desirable, especially for

d¢’§@@§%ﬂ daciiesi andh caralid Aupltyscepiil inseraseas. Gaseayently, the

R OSLARSSPLBRo e SRGe I ANEAGR B (i b cost anc

h@vpemgweuo mamuthictyrer athe g eost rhaty bewmbmve for disposable use.

c eSSIO ratio, ich iI.s defined :
B iheaRet alamaiie tndhese BHEOVBING S Bis G5SbIesesnvBialy for
&ég?éé%llélﬁé% inVHib- %ha!y§rsaagﬁﬁ%mﬁs°f fluid that is not

aced 1 n a punping er during a punping cycle.
m@oa] AFudveroony iss silison diaphsagne hfissadeaymigly ¥ousg’sonodulus

ol EHE Y e ¥ iferg o Ry Bl 55t 2 FAPRERGenslly fgs.a tow

t corpprepsion ratiy; ivhersisalefingdbybubbl es out of the

m cro- punp, the 20 conpreSS| on ratio needs to be
mexi mi zed. ero(MaxtVm/Ye conmpression ratio, the dead
vol ume nmust be minimzed while the stroke vol une
maxi mwlete AWNiis thensirokei wiurge,odndy st roke vol ume of a

achi oved. " doptolh fpdd vofiiRenbBRY FivoluzBaot g ft i not
hanb il

s ven wi t ??‘kg'fc;é%ﬁh%{ ﬁﬂé &ﬁﬁmgépéﬁ%d APuH R ' ©

tj0007] s Adpaldoenpréssiem eattmi ismdjsaxhiaytaneousiforeal nmimbtpump where

| S EHGS FOPErTed 0 SHEVR SHEPLRIS, B fdufrtHEmD. ie. to be

ShEBe® Qﬁmghﬁs smhch:cgasdaﬁ@rga'sgrmuamést ber e Nicro-pump, the
chanber 008] K. P.Kamp W Ehrfeld, and

SCQm@fﬁE%'@R ratmn%%Cﬂstorber maﬁgmze% pfgdgwmﬁo?%@ressmn ratio, the
ng%gwg % 516?,?&91@{& g@iragglrliﬁa qﬁgfaﬂimeooahm\@oHﬁMEe@n This
dimsgingzieg ol ansteoks: yelwmehefva mgjcro-pump having a silicon diaphragm is
not easily achieved, especially if the micro-pump has a pumping chamber with
angular profiles and/or the diaphragm is driven with an actuator, such as a
piezo element that is capable of generating only a limited actuation force. Such
a micro-pump may exhibit a refatively large dead volume due to a mismatch

between the shapes of the silicon diaphragm-and the pumping chamber.

[0008] K.P.Kamper, J.Dopper, W.Ehrfeld, and S.Oberbeck, “A self-filing

low-cost membrane micro-pump”, The 11" annual international workshop on
MEMS. 1998, Heidelberg Germany, pp.432-43, discloses a micro-pump having
a layered construction that has a relatively high compression ratio. This micro-~
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i ncludes top and bottom nol ded pol ycarbonate ho;gsmﬂ%ust 2006

parts that include mcrostructures fornmed therein
that serve as inlet and outlet valves and alignnent
structures. A polycarbonate val ve nenbrane separat es

t fenp Fhaied top @htBHBAT hdldellyiatbohabd ABusthg Parts that include
i ncludes a punp nenbrane, which is 5 separate fromthe

v@l%tfl@%ﬁ%n@fmﬁfﬁe’fhﬁ[ﬁlﬁ hehireayfe ass inelumndd ogtlet yplves and
E;ge s Erp(%fgxzéﬁq gAﬁﬁ:ﬂJcarﬂ%ﬁﬁtéj k@'}’% glgé]'ﬁﬁrgm%rbegﬁ?éﬂ% r’lhé?top and
V\btﬁtom toaetsy alThe n‘lb:n'bmma iatsol pchided a punge hnmbghrkey whach is

two cylindrical r ough- hol in the upper h .
pRaRar t@ér@um\f@hf? m%qrasa\%c iﬁa.DHawt BeRRr RSN AWEd 9p top of
e b punp fhg Egﬁr ?Iducﬁc%ﬁﬁéé’c% Betw&bA ! # sPHE® -untdfheath the

m cr first layer, a second |ayer and
apmrhp moembrarer andi mvaw Ip&nebwbeneav@r valvehengmbranel igyleeated is

B et bt TP BPicpdn Ble vsiag ol ' ©

channel The 15 second | ayer includes an outlet and an
|nIet The first layer and the second |ayer are -

such that the inlet is opposite the inlet
r a f e Nglov
@@Sgﬁosﬁﬁe&?ﬁ‘geouﬁraemﬁeﬂ"“e@ﬁﬁ R e Provided a
| enjeE0-puenpd Thieeminse-poop ingiades acliratisyern apspasindgayekand a third

A T S i R 60 R 98 6 i

| Siedrinaki fand icﬁhﬁ‘iurfideftibnaﬂﬂ'l iae inet feebssand apamﬂet cieathel. The -

herein. Th d |
| PR Gyl s e A UG B AL 1 P& TILAYE! gBp B pecond

aglyacaidt dispoied dilchithal e iR isPopRBAB they mlm&eﬂgsst aﬂcm at least a
adjacent the outlet slit, The actuatable port

abRion O thepawiat iannelis OpPosiesthe; quilpt. \ﬁéﬂ%sf;?@ﬁtf?féhe ifigst layer
d r

IR ER SR e inch 6 i phg o 498 Rmurigaion with
viiev nlgiocharure! | andrdbe aditiet ax&m;nnelr onfhehénierhediaten flexible layer

res [@gﬁeﬁ%?@?‘] %I\L,t,r %ﬁ%%ﬁt ﬁ@étosﬁt s;ﬂ[:ﬂ%l El‘ﬁ%féﬂ{ abhfy intermediate

Cﬂ@m;lél 1§ypdri £180 WMdlldgshen achiaedble porios, ah‘frsumlve Imrartlon adjacent
inlet-slit. The second portjion i.s diSpos
thea iplet shitaba serand NalveRaian %féia%%ﬁ'ge BH %ﬁﬁﬁmﬁ?‘& acatable
6&:@3%&?%9&”&& Rg BHAMBEr, ﬂﬁ@%ﬁb&l@@ﬁoﬁfbﬁ |§ldﬁép%ed over the
e second val've po tion 1's noveabl e away from the
mIet to block fluid passage between the inlet and the iniet recess. The first
valve portion is moveable away from the inlet in response to a first actuatlon of
the actuatable portion to allow the inlet to be in fluid communication with the
inlet recess through the inlet slit. The second portion is disposed between the
outlet channel and the outlet so as to block fluid passage between the outlet
channel and the outlet. The second valve portion is moveable away from the

outlet channel in response to a second actuation of the actuatable poriion 1o
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the outlet channel to be in fluid comunication gvatfust 2006

the outlet through the outlet slit. [0010] The
punpi ng chanmber nay be defi nédl by two respective
punpi ng recesses in the first |ayer and the second

| @liosy thel outkti charmet &sbe it thed aotmb@ibation withdng bifet ®Iﬁrodgh the
the internediate flexible |ayer is arranged between
t‘P\‘gleﬂéﬁ ing recesses. The inlet of the second | ayer

10 cl tfﬂé ;ﬂm’ipﬁﬁ& ambef Wb@%e@me@eﬂ?%ﬁ"lresﬁééﬁve f?umpmg

eing 1N a utmsntvmththel ['et slit
i necessseadmahe firgt llayer lahe theagecondriayen uh1 glchch gass |th@actuatable

t he..f t.l i ncl ' .
Jon o, e bRl RHEE s “C B anded ViR e pumping
olgbbsdess I THe Miettdiahe Kechnd eay@dinay éndihes i recaseafrounding a
[0011] The structure of the first |layer and the second

| @@ﬁ@s al e pedesial PRing PeakYIMesd Wibai inteh it gf the intermediate
L,-y nggﬁntufea ol NG ﬁ]feoﬁ%thﬁyﬁol iftRidR9a Recess
SI n CCO

rngly, the pu vention
csa.nrthmdlmgmfpadesialeme pmteéfobmg ln\wluyman’dwtbiy thee outlet slit of the
rel ativel rocess. The features peculiar to
t'R TT@de}t%/g?x‘B‘%x} and the second | ayer may then be

foomef | TheRerucRSe oF they Brst ax@irsandpticeseddirl Ia@&relf@r #eeabove-
rmlded [001 The internmedi ate flexible |layer may be
qérn@m afe lpigaly Wagtical andanay ferefpre be molded using

Sé'fsflﬁ%é frﬂbldf Qﬁc&%ﬁw R0 dunSHTURE Ih{?@nﬂdnaﬁérﬁ’ (Uet me‘nufactured

rou For exanple, 1t can
ou;ﬂst@ﬁeatl\te’uv anwbya remwely sifnple pricessi The tﬁat'area @ecuhar to the

d I
L AT S0 R Wl o e e PlyBeR K Teidbstgg davers
| aiyeerthofiayers aw nfodded. s m)dul us. Wth such a |ayer,
| Upa8 B aby Vol e FACE TR G PRt s
P HiRkibgity BafRM i dch/AIBASS drittirs WP HARSHEND of lighid th@)ﬁ.lgh the
the mcro-punp. The internediate flexible |ayer

abPumpakor ezampleh Btagant heamagder pud of thin fﬁe"labfﬁé of 3 tB@s“}Im of a
t Qo ARBHE BP@UG“BIQSEEHIWC%#PH g\lrst mere. ltNﬁ@nEpOlﬁ] suitable

e rnven |dn W t't er reference
t interhediate dayendsa membviane HayaioafieetowNyoungPs nooBdig. With such a
layer, the actuatable portion of the intermediate flexible layer may be closely
urged against the wall of the pumping chamber to increase the compression
ratio of the micro-pump. The intermediate flexible layer may be at least

substantially flat. Such a layer is easy to manufacture.
BRIEF DESCRIPTION OF DRAWINGS

[0013] The invention will be better understood with reference 1o the

drawings, in which:
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wojzob:ﬁosg sexpl oded isonetric drawing of a m Cr‘%(ﬁ%oo-lmoosu
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according to an enbodi nent of the invention, where

the micro-punp includes a top |ayer, an |ntern%d|3_@;3%st 2006

| ayer and a bottom layer; Figure 2 is an isonetric
drawi ng showi ng an undersurfa@e of the top 5 layer in
Figure 1; Figures 3A-3E are draw ngs show ng pl an

views EhuM ananbrbloies estinettit Idkamingioté mcm@qbeatmbccmndnng 0 -

the undersurface of the tog | ayer in Figure t he

aAR @mhodineen gl the inveREoRcWBSTeH Y the BUGREMTA wcmdﬁﬁ& o layer,
S oo U ddravvlng of a
mgﬁggéﬁér?ﬁ&giﬁeﬁahé a%%sfﬁ)(gtl% c?o- 10 punp in Figure 1,

showi niigtiiee2tis arl Eperetdnajpaivingt slbwiog tare ubdensurfat@wérthe top
igure QA is a sectioned drawing of the mcro-punp in
F4Y8F B A9WBdken along line X-X in Fi gure 1, wherein

t he M EiGre8 U 3ESarN@MiNiAGS SRBWRR BIRA Vidws @f an annular recess
non- act Uated state; Figure 5B is a sectioned draw ng
sisuirpundingameglestal 38, thehendersutiare of Hiotop BYEHIR ngyre 2, the

¢ Al s Al oSl SrT by VRIS o s i «

a sect Figned4 d:s Mélﬂlmem drawviig oFlagmceo-@Amp/\blmi keir rio tthe micro-
m cr o-, shown in a second te for

e PHEP( IR %@]ﬂf‘? 4i $hayieg dre tordayrlshang! e??f&ﬁ%%l%m??ﬂ%@@ﬁ an

out | et ggdf gAgé'%les&:tbﬁeé'Hr&WW biMBt mlcre-plitd ﬂ‘nOF[gure 1, taken

eval uat| )g t he performance of prototype mcro-p

sialsngdinetoXtin ﬂglga Jwivheseinitga rr@clp PR d§ shown @Sﬁergblaa rnd in

inst driving frequency of the
pFOFIOgt ﬁéﬁs%rg% punp obt ai ned using the experinental
set up F:guu% 5l iea Gectiorgdrdra®ingsimilgr pigufe 3A omhergirethe micro-

ook PR 15 et BRI RhewpS, M RRRTBr it o
rpg|:.|1rpishga;ﬁam;\@.-schemat| c di agram showi ng an appl.i cati on
the_ mcropunp in Figure 1

Sect | ST AaeEHONEc ANaI SHAEE L BIOHTS A Wherei theymicro-

WO SR 0 i SR R SRR R o estBinguid AR pumping

chamber through an outlet;

Figure 6 is an experimental setup for evaluating the performance of a
prototype micro-pump similar to that shown in Figure 1;

Figure 7 is a graph of flow rate against driving frequency of the prototype
micro-pump obtained using the experimental setup in Figure 6; ,

Figure 8 is a graph of flow rate against pump head of the prototype
micro-pump obtained using the experimental setup in Figure &;

Figure 9 is a schematic diagram showing an application of the
micropump in Figure 1; |

Figure 10 is a sectioned drawing of a micro-pump according to another

embodiment of the invention; and
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8 August 2006 7 Figure 11 is a sectioned draw ng
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di sposed within the punpi ng chanber for actuating the

mcro- punp. 5 DETAILED DESCRI PTI ON [0014] Fi gurBeAJdglu%t 2006

an expl oded i sonetric draw ngr of a micro-punmp 2

according to an enbodi nent of’ the invention. The
mcro-punp 2 includes a first or top housing |ayer 4,

a secdriguier 1 bista sestionad idrayvinga pinila tadiguie 34 showing a bimorph

BT 10 alepiee Vol o B0 P ERAEEIg, i icro-

mp. t hi ckness or height of, for 10 layer 6 to
deflne a three exanpl e, between 2-5 mm Fi gure 2 is an
i sonetric draw ng showi ng an underside of the top

h ' @Eﬁ Nl east. one of the top layer 4 and
ﬁﬁ%hg'q':f tomlayer |ncI udes a punpi ng recess 10 that
d@niAps Elguumﬂ ng ahaeﬁmdedlEqrﬁetgardraM@ aff at hdcro-pump 2
m cro- nber 12 may have_a
RHRARGED o bR BRt R CBRInGe YT T D Ut ncldes a first

POH TR ousigTRger 18 éméécoﬂ‘i@Vd?r Boﬂérﬂ”ﬁétﬁn@ﬂﬁy@“% BRY 2 third
l[imted to, for exanple 3-10 nm In the mcro

ssrmediateTigdble Iayert&@r\d@ﬁpheal;m’cwae@mﬁ ‘wéawvf ang the bottom
! ﬁg&r 6 % Ba% é?ﬁr@@%\@ﬁvyﬁfﬂl@ h?ﬁi geacfgjﬁ %ECMESSV&%I%N of, for

sed oppoSite ea unping recesses
1é)<aﬂﬂ;ﬁlenbet\r#@rp&@mg c Friguber2 i2. anTimanteipc | drreingd showung an

TR R e o bofisne F6EE 2 s At ot SPel B RETRG 4 3hd the
f&ﬁﬁ:ﬁfﬁ Idhf@r teoinaludew af ;bLHh[‘jin%%@BﬁQl TR HB RichiRes Qhﬁ]lﬂﬁiﬁ@ chamber
The inlet recess 14 but not limted to,

01 (Bighe ABLOA R BCTOTHER 8p Taigehumping hambes| i2dmpyahave a

oo o DAL it 180Hpr bRttt (R ARG Hactich Yo may

mévaaﬂlmmm af, bue aeislsnigal ol &ir é&d‘amnle Bamdn;n dnfthe Smcro~pump

P8 chauBan 240N e P Rt A eoheliim T ey respective
(purglpihg febessekhep) W\Mbn?dsﬁseﬂh@pﬁbﬁtboéﬁcw aitef, these pumping

i ncl udés a second annul ar recess 26_that surrounds a

seegpresH R dating thesprraping igbapger dm | HipetoPdayari4 dieifles an inlet
bl%cegéé 9% Lhdtar fiﬁets&?a‘?fﬁéi 96 thﬁf‘%?ﬁhéc% 1A dniet FEQRS 14 to the

annu recesses 20 and I'rst and secon
pR@BpRing| 2c28s tmtarﬁlogofln@t commurication therebetween. The inlet

g%’%‘sggﬁh‘éi‘%kli%‘é}:ﬂ@ B ERRSIR, 05 Bh fPiah el Fhe B0 18 er 4 also

includes an outlet channel 18 that is in fluid communication with the pumping

recess 10. The outlet channel 18 includes a first annular recess 20 that
surrounds a first pedestal 22 of the top layer 4. The bottom layer 6 includes an
inlet 24 (Figure 5A} and an outlet 26 (Figure 5A). The inlet 24 of the bottom
layer 6 includes a second annular recess 28 that surrounds a second pedestal
30 of the botiom layer 6. It should be noted that the shapes of the first and
second annular recesses 20, 28 and the first and second pedestals 22, 30 are
not restricted to a cylindrical shape as shown in Figures 1 and 2. Other shapes
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wosi@Mz116d Figures 3A-3E are al so possible. Theceuwdhélionnsis
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26 includes a narrow portion 32 connected to a

bul bous or wi der outlet recess 34. The bottom | ayehfist 2006

further includes a through-hole 36 that is in fluid

communi cation with the punpi ﬁg recess 10. 5 [00151

The top layer 4 and the bottom | ayer 6 are arranged or

diaspRhowt inFigures BA-3E iade atso mdissm{et é‘hﬂf&ﬂjtiat g6 fikgxdesl £ narrow
nl et or .nore ecifically

I h t
{ ERloncas el (B 7 BB be witler Sl seest Bf  HiRdotto daver 6
ofpasrt Bclubgs 4 Ah@UgheRs Bel4haf id e fLRP cb%nlcfatlyﬁ‘!réﬂh the

in this arran%emsnt of the top and the bottom
4DU@PII}QFEP@‘355 a portion of the outlet channel 18 or

o TREae I 4 ahd g boRpuRlYY € BFERed Bt sised on

I wyther Side D ¢he dptetnagdiatefiexdbibi gst 8 GutheniohkaRlet 24€br more
the internediate flexible | ayer 8

¢ PR Soqmng AR ST IRoRRS 26, Bk IERAOpT BYRDR 4 RBpOSite the

t t
Lo Q’Iﬂg’d gﬁgéﬁp ‘Ffté !Gfiihek’ﬁ)pf télg?n qﬂg% ‘fn @Qlé ga?f‘g\rwé t ht Bt thla”to% and the

| datem: layersatic 6, ngt deast BPootian rafdthey oﬁﬂetrrclaeﬂxﬁal 18, or more

SABARE Y B o848 0. 9 QB4R b e s

ainf ﬁel‘buﬂgm laget @pTheyes et a i fived e BoMpa Iager 6 to compress
as Wi

. e istetlite, §oxigBauer Bdhweebidart: Btk ahaws an example of
Chawphe er Tdi@r asmayie idd tt(ﬁ‘ ¢hd BBHHAYIE er46t chigﬁ@ fi&}‘}%e the

| ayer 6 | ows voi ds, such as the rec sses
oPotigm lwﬁ § igyspvided Mllﬁeaﬂeﬂﬁfeﬁmm@tﬂwngsaa‘n%agfmotrm‘ﬁng from a

:’nggr:f%cgé #8rdof fo 5] @J&%Q lﬂygﬂg@'{r lI ggsg ieF %H}l/a%rlqrgeéi f o%eltge layer 4,
4 Qfimeet mdzmlsbrhattaalmﬂgym tcﬁ:hlaggr 4 ltm:thmlewealaygnﬂh‘fdlude but are not
{ t hat { t r 4t
o UtE Y b B 88 ik £ s pthe Ser ‘?f:)@éhééé@nﬁﬂ?%mg and
Thia & t
ot sy e o o o
t

a%’t CEreRRes ofHge &omiaygnd tabe r@me@t:allyosa@ded for
F&aﬁhﬁﬁetrﬁﬁcﬁgbﬁ@uéh Oﬂhegf&gbl?ét%e% HRE T ficky- PJ'E‘E 2 will be

et hol utl e 40 may have a d
oﬂeSCtb’lbﬁd nehorily. i Teel top, layet weeand s bmﬂ tayeh. & may mclude

B8 P SR SRR 4 BB i no

dbutlamﬂ ilayer 6f dlingbadseinbiyn Mhelbdifor 12vem® may aldifinclude integral
E‘ﬁ:’ er medi te flexible layer 8 also incl udes an
atPh£088f Orﬁo?ft‘l on 42 (Figure Docket No.: P100599

[0016] The intermediate flexible layer 8 includes an inlet hole 38 and an
outlet hole 40 defined therethrough or positioned therein. The inlet hole 38 and
outlet hole 40 may have a diameter of, but ho’: limited to, between 0.05 mm to
0.5 mm. [t should be noted that slits (not shown) instead of holes 38, 40 would
also work. Such slits may have a dimension of 0.05-0.2 mm by 0.05-0.2 mm.
The intermediate flexible layer 8 also includes an aciuatable portion 42 (Figure
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ayer 4 and the bottom |ayer 6. \Wen arran

di sposed between the top layer 4 and the bottom8 la¥RIst 2006

6, t he actuatabl e portion 42 gﬂ\buts t he punpi ng chanber
In the case when both the top |layer 4 and the

b m,l.ayer 6 i.nclude a punping recess 10 5 each as
@ékﬁ\%ésdx BpRPE, In tHiReealy agwérrﬁah@%p@f theoiprulyps 4 enda tigre dottom

bei,¥esn When ah%ﬁ &¢ bt H%p%é‘@'b%@wé&gﬁ?es%? I%:ﬁeroﬂf gtleo ?lottom

| ayer 4 and the bottom [ayer
t lagens, nqher@tuﬂ’ﬁawe @ortibx 4 abusdhbypuntimng chpimber n2ceBsE® case

di fl 8 furth
Yo, B 18060 B 2 dnel e il JaVEF Bt bampings eecess 10
pedidh a8l ldescritEioghdvRN thed BER AL rpﬂ;rndmaz' ugleﬁﬁarlae{j] Hdfveen the

Wien 10 assenbl ed bet ween t he top | ayer

LEEPRFHVERHEIPIRY regessey 19 of thﬁ%a’(ospe[avgo‘} ang ﬁh@fbottsm layer 6 to be
|
S IRC FRtle B e Bubl hal i Lol 1, M oG FBRESses 10.

sEw nnitepnelrdaateatﬂeﬁalet taylel o8 Kufther dncmdwasg&irﬁetlwe@n poRfon 44
cess 14. The second estal -

4, dth | et
ﬁfh%%'ﬁ ’Qaf?'l?neft"?slhgbgmgg et sEqunding, the lmlﬁ€ bpley 3By eWhen
msbhfﬁil‘edﬂrﬂwei\ﬁt@neﬂléotb? Ia}'B? 41§nfi'th§t bdﬁHrN Qa r% 9{"34ﬁrst valve

of the internediate fleXib layer 'S o
fROHIN drds sinpoped. Wikt @ﬁjrgba blaﬁ @VEhﬁ‘la anrylar moess a& wsth the

it i 28, SO P SRS ! by e i

massage Ibebwieerc theninfet 4t acah the tifiet I'&esﬁl‘tett Theesktohd pedestal

et h Th di at e
RGHIB fiiiohrassh yAp ReRPror the HE VENG e Ji tperealpve. The
Hsitvadre gortiojdacstife irtdrmidtisteNRHAIE Hyak Se@bﬁ&lre%ﬂé away from
t;Erroundl ng, the outlet hole 40. When assenbl ed

€ REBHIaF FROeES BBjintp dhe inlelacesre 14 of Hiatopdgyer 4in remonse fo a
ROOA LMY 6f LLCH &étﬁ&taﬁ% bén@hff?;%&%ué@t %enﬂiét% i}d "5 in fluid

annul ar recess recess 34,
Slomypgnipation Wmthsenleémceas ah tbnrouab divée inbef hathe 381 r st

19671 o ook Sr e b SARSREE B e

p:emm't aB aFi&ctah’emeftlms @aﬁtgmmvr\:/ @Ebaﬁmaem ahwegﬁ@;& , ey outiet hole
S val ve ortion t thi s secon va
: T, BSSATIIEH Mgtiiean e JoR taEs 4 Andothecsecond layer 6, the

bs@@&ﬁdl owv@fpoﬁidﬁu% .b'aﬁsyehgsd tRyvéerf e f&%r&ﬁaﬁ/\%hé& '2% and the

undesirabl e for nost bio- anal ysis applications,

aitlph kopess 34, witha shialidries, e beeSqsied porer absttingghe ﬁrst pedestal
0 utﬁ:%]é r e@é@@@g‘ag Lé#e@%%%git?% %ﬁﬁéa@%fﬂ‘ﬂglﬁé’ Pé@ gg’ﬁ outlet 26.

tidheafirst pedestalc22 dherefore ffundiion as tauehlablseap dort thensedd@ond vaive
portion 46. With this second valve portion 46 abutting its respective valve seat,

backflow of fluid through the micro-pump 2, which is undesirable for most bio-
analysis applications, can be prevented. The second valve portion 46 s
moveable away from the annular recess 20 into the outlet recess 34 of the
bottom layer 6 in response to a second actuation of the actuatable portion 42 1o
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wo h64 1162006 10 al low the outlet channel
0fA#w %t communi cation with the outlet 26 throﬂﬁ%%b&mos“

outlet hole 40. The intermediate flexible |ayer g8 A<+ 3006
be a unitary |ayer for ease of assenbly. This Iaye

may be at | east substantially T4 at . [0018] The top and
bottom housing | ayers 4, 6 may be fabricated using any

5 aflowi te nauttlet ichanned at8 |tcs Uﬁ ot duishcommeiniaation with the outlet 26

bi,,0- anal S such ilicpn r .
'tlggyg gI'Y utbe?%quéﬁ a qrﬁ*@d:&a}%l}klgree%ygf 8 may be a unitary
emz:raleagé Iof:éssermw d¥hishayerahay boei Iddstrbhidadifally flat.
car bonat e, nmet h) acryl ate, pol yoxynet hyl en

p(w@/ ddhe tpmayg ghh@m@ﬁmqygrgﬂ, B4hay be fabricated using any
5 p?i'g)’cfr“ﬁféﬁta?{ﬁ% {1 100(%5% 3& ﬁ& efﬂé\%éls %@ﬂfeﬁﬁ&k %'ijbﬁsag silicon

ousing Tayer s ng aye
ey plBStiﬁ@ (d.ah theratopthstiss)n g Examelstsi ofithewhoblagticshiotlude, but are

ﬁ&%ﬁﬁmﬁﬁ%@ e B ERETURR, Bpbioum el eobamide,
mﬂe@ﬂ&é?ﬁha@fe,aﬂd‘ wmhwémﬁhérar wvh@ﬂl Rate of  such

gely I denti cal and erefore be nol ded u5|n%
.ttngrr@ple@n@s, then o bauwngéawcth engrthe dowerehausing layer 6samay be

10 a@%ﬁ ggfe% rﬁé\%é‘rﬁé%gﬁﬁéﬁpﬂ%ﬁﬂbq@gﬁg rn@gelL ngb?e operations.

i stextkld be motecaiat ¢he strecturd of trentomialerl§ muldthtahmttom layer 6

outl et channel 18 be forned,usin

fre: e qaidars shavers TGSIGICHTRE SBY: av; tgrefore be
| a¥Sded ﬂ¥|ﬁ§ eﬁsﬁ&ﬂé Hﬁgld ayRe featutde Petifilal @ he top layer 4 and the
conventional Nd:YAG laser in Q swtched node. 019

Tihetipmtlayerdtican ﬂnetnl lae(fq;rr@dl ipyiBe respRgive aYie 4. 61['aﬁer ﬂqe layers
15 Sig i C@Q d‘ﬂéldé’d %gr e 'ﬁé\.ef;i'l@tlmei SBGhPheC8\Riet channel 18

sele rom pol ycar bonat e yacrylic,
p shayobey fretnied | using g shwant mtexnlqicﬂty towitlgt 3hand dinér thratigh-hole 36 in

I h her. Al '

e PSR ¥ BOU beaser Sl A0 hcdhvehitiay ok vAg Jager in o
a%|MChét§)EMdemt hyl si | olxa(r]}le (PfDll VI S), . nyl g{/DF

ol yur et hane i nylLi uof,i de , "
P odie: 1 Feo et Bon b o vl énmavcéma@rsap? Fiicon or a

20 ax:ﬁi hnfdhlce me&él%l 23uBRRY A (SRlectd® froM %&?@ﬁr@bﬁatba)b%lyacryhc
eneral ) can be made by any nethod known to ose

skiol Mowneﬂwtelme polamiges W@m@r@m@l@x @ng| Wiv@wm&enether
t

| A5l nBEEERT Ry Miay Rl Ba tpolRAtREpb Shch os
Cqﬂydi‘rgethylmlmader (IPBMmm iruylemt epalvwemapar anmlwwnyﬂdenasﬂuonde

rd }DHEQ?}; qrar[ﬂg%lqﬂrggﬁg%ez_ p'g{r}t?é%y%'fegggf ﬁot C mbrclﬁ:y avaslagle, the
25 membrane (or the intermediate layer, in general) can be made by any method
known to those skilled in the art. lts manufacture is exemplified by the following
process of fabricating a PDMS membrane layer. A PDMS membrane layer may
be fabricated by casting. In order to facilitate the separation of cast PDMS from
a mold, an anti-sticking layer, such as a tridecafluoro-1,1,2,2-retrahydroocty
30 trichlorosilane layer available from Sigma-Aldrich Corporation, St. Louis,

Docket No.: P100599

Y.

Y



30 trichlorosilane |ayer available from Si gma-Adrich

wog@%@?{}gtlon St. Louis, Docket No.: P1 0052‘9&/&20"4’00“314

10

15

20

25

30

1165 PCT/ SG2004/ 000314 8 August 20,0
Mssouri, U S. A, is applied onto the surface ofg &,5ust 2006
nmol d cavity of the mol d by a, vacuum evaporati on
nmet hod prior to casting. The1brocess is referred to
herein as silanization. [00201 A two-part PDVB
ddisavurdr).Sshic ks agpliegl oo dhe surfsid ptameldaswviynef thesmold by a

b EBon o Bere HoP fa Ml e MoEDLI R etarted, b nerein

mlﬁngﬁn@me solution are mxed in a 10: 1 rati o The
m xture is poured slowy into the si]anized npl

d80QYy. Atheormsr Pwsh%qiunqm 00 % ShAGETH T 5 iR Slastomer
dsﬁ%ﬁéﬁl Pﬁe SOt rgégﬂgsﬁg%lcﬁg%{lau W aldn t?é*@%]dglg)r casting

trappe éto éscape
tthe rmaembrane Iayes: B foamd Bmfhiué)bdatetmm aténbRiNB and 6t utadio. The

a snoot.h Tef | eet ced on 1h nol d.. .
VBRER 19 Rk Sl divg) PetFBBEEH el Gy bONEBIdi! is then
A faidehk! \?acu‘élH’( 'd@gmbé’coﬁ%lGQB@meéﬁ@ﬁﬁ)uP%Ilow air bubbles
prepol ymer out of the nolding cavity. Thi process

drappedsintthatuncuredcOPMP RiNBraihBseais. meatherﬁ #kRasgsible air
|
(A, o 4RLPORSS TR, 3 YR e, ity 5l on o of e

aviekd. Moddzo PresHBE i§ capl:mb@ub tha 'ﬁeﬂﬂn/PIAMSimolmsamlch while

t he, Tefl on Iate' romth d and.t he

o8 teraeRra caRe S, SiPoolyBlr i e, @8R Bravy. This
Cirubdas eh&%&]th&h@h@rddﬁéd PEMST nepsirahkoiafa thigkness that is
m cro-punp 2 is next described with_the aid of

FRpiedmatsly tedepth ofdhe P"i'?j‘é'ﬂ@ oaitEh bR Whele setrispiitgs cured
4 %? C%Vehszlt aABul? @"Cf"ﬁff ur. GRE'd Hﬁ& #B98on plate is
the First va %n d

ve portion e second val ve

pentdved frbfn tfe wiokd amd mmethéDMBenembeamcaWer B paeded off the

sli E’ht I‘%/ t}gased torest, in their closed positions,
'spective pedest als 30, 22 of the bottom

|[BDQI] 6 The nhdﬂpletofltbda@mm"n & thé mitteepempl Disenkxt described with

e AR o igires S 56 2l Pt IHOYTB stions Ty Bl BB ipen it s
tcu%gsééiﬁété@' Yas dBsé@Hbddl bdve, i Ardk Vawrd PGrﬂd}ﬁeM aAd itAlkegecond

an outlet tube and an actuati on tube are

c\tﬁl‘ffepﬂ@&n 4608 the intesmepliae figxitle layge Birse shighthoiaser to rest, in
o éﬁrcloéea\b%%hlﬁﬂg orfHes %r rﬁgﬁectﬁagg%ea%ﬂa% 362{2‘8&??'@)0ﬁ0m layer 6

ning of hr ou respecti v
tamiathastopdﬂymcﬁ eth thesa clmdrpumtronsldﬂtbel v‘al\aerpdrtmnajtmo 486, the
bgurgipl%Be chamber {E 95 tsngstg]ﬁﬁélﬁf hermetically sealed o be considerably
airtight.
[0022] During use, an inlet tube, an outlet tube and an actuation fluid tube
are connected, such as by gluing, to the boitom housing layer 6 over the inlet
24, the outlet 26 and an opening of the through-hole-36 respeciively. The inlet
tube is connected to a reservoir filied with fluid to be dispensed using the micro-

pump 2. The micro-pump 2 may be -actuated by fluid, such as air that is
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into and drawn out of the punping chanber 12 thrgoughust 2006
the actuation fluid tube. The alternating action o
punpi ng and drawi ng air fromihe punping chanber

causes the actuation portion 42 of the internedi ate

f lafingtedy plidped info hAd el bOE &f TeDRMBRE dHagber 12 through the
respective punping recesses 10 of the top 5 |ayer 4

aAgiuetien Faicttaba. | Byrealtegnalimmpadion of purmpingtandcdrawingdi fsem the

¢ . . 4 o ‘ A

B B R 2 Bl b0 e ol nocitic

| fdyer Bhi reoipyocate betoesa thd OGesjectibe fuwtiping rberssesg 0 of the top
6 as, shown in Figure 513. This novenent of the

| ayer
a%@_ﬁf"i e POHYR Ia¥8T En| ar ges the vol ume of the _
?mﬂrﬁﬂg GRS adidtiol kS RBIBLA RIMiNHNDe! ? S A out of the

ef'n. Atnospheric pressure then forces uid in
t pempéngeechasnbertiZrioutjawtthe achiadion poriien 42tinte e pomping recess

a lear S S j | Ofnpr-essure |

£ 0t B G Rafidd PuBREE8 ol SHBChpE THRSHbSerhbin o the
digtfuetient pattion et welargdsh thes eohinte astn tHeaalpungsies chamhbandiz to
t he punpi ng chanber 12 cause t he i nput val ve p%)rtl on . . .
49epeyale AR UHETRRSSUEREIP IR0 W@@E‘Bm{%‘%ﬂ%‘i‘%ﬂ o5epst duid in
i e o

- U e RIR I I e oot it ielSer PO Bhuse
t beildumbkpressre i thelgecond anngtarualbess RBt o hehprepsurpidifiprential

c er . ri s fi ' ' f

CHBE o e Bk A€ b ShU TS sphber g2 causes
t e iopiit ﬁlve/pdarﬁien pg td fifoor ﬁ@vemaysﬂ'omﬁhe gbcmfz@gl 3Dtoits
22 to prevent uj I.n. the punpi ng cha r rom .

< SpaipPRgonE plsle il i B T Bases BY 1o oF #rotdh the i niet
agbhléats GHto RBE. iriGvefdss it fandSeVBHBER infd ¢he ghmpmgn@iahmer 12..
chanmber 12 to push the actuation portion 42 towards

t Bairipgnipisnfirst meBiadien 16 1B aeAA) PREI Ag. BEpRIPIErigPressure
s e : .
P4k LSRG ol FRUBIRT il ol 421 et
1in the prevgEng clparebarutZefram ashapihgui d t herein. The

byi p Qf pressur L. OVer e i t.he... i .
RO 5 3RA0Y G RinR o e BSREn orfan ags b BlRea into
| it pumpingusaaber 1heo puth e saiuation potiand2 oviapds tie pumping
open position to allowthe fluid in t eHFUﬁ(Ei . .
 FRRRSE 1 010f 1he 1o boysintpley ot @ oMt N Fignta BS- JHisgnagementt of
ChBBfuation daridh 29 rediies #RCOAEMEASE W | th&mber 12 to
act uatfugn ?)(E?Pll on 42“,3 ltj e pressure of t héﬁ'ﬁ‘ﬂf% in the
exert pressure on the fluid therein. The buildup of pressure or overpressure in
the pumping chamber 12, and thus the first annular recess 20, lifis or pushes
the outlet value portion 46 to its open position to allow the fluid in the pumping
chamber 12 1o escape or be expelled from the pumping chamber 12. During
this second.actuation of the actuation portion 42, the pressure of the fluid in the

pumping chamber 12 presses the inlet valve portion 44 against the second
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prevent fluid in the punping chanber 12 from reURNIENG: 2006
through the inlet hole 38 tgsthe reservoir. [0025] IgR
prot otype of the m cro-punp a setup for evaluating
the erformance of the prototype mcro-punp 2 and

eResles Bﬁom&@nt uigin A @YMpieg Cliamslt 141898y Teeaingrisough
ttﬂgr %ﬁd It%%rreﬁer%ﬁj the bottom housing |ayer 6 are

rom po ycarbonate which is a clear

qba&ill c, Aupn‘u&@ym omfmmet emicropueTy (| aceetupolion Gv@uating the
machi ne wit j anet er

t - Pl DI VI.S .
a4 5P IBGIDNPRUTICIEPHER 481 YAl BsiS gbtained are
I%‘%F ﬁﬁﬁ%ﬁb%dusﬁ% D h&%mg méﬁrr@@hattﬁe fbbﬁeshbh@énﬁq ®yeB-6 are

rane ayer may have hi ckness of ween
o‘allrlcme.ti dragn rnﬂlycaumnaw,ewh!ﬁh es 38 clasd Rlastict usiog ea 4@mputer

Tl efifrd I FRc DR s ST g g S, A DS
trhembiapel !ager biatairedSudifeg tied etbove rieatibdik pebdess ik aged s the
securing the top housing layer to the | ower housing

ligipEpediaies fipgble layems- d IPDISRE der wm%\f&%ﬁhw@aess of
| BRedVBA dhd HESRm RS iR 8B %ndtd“uﬁeﬂhéﬂé%o & d$8holded
2 has outer dinensions 19mm by 12mm b

[vaitEr6 mokdting xiper inembrasie é@}te—l‘up Tiher TODebWSI@QtIE!éel’ 4, the bottom

Heih! el s bl Ttelebis, it " SRebiber, Y Fiell g piace by

VeCarig® Nine abe chousinghiayer ob chy plewm chnusnpg nay@r Bousiag vlea mm
izjlgﬁaaflwd|nIeEtube 50, aflu t?nu“ t tube 52

Beter Sxsuis, Whns Sasemaikg IRcUTEh G 46 B gh Sragtie, Tmicro-
?Jﬂ% mes%%fbrmﬁeﬁstér%’@ﬁ@rﬁﬁw BPP2thrPeypq Band an i nner

anet er of mnm The inlet tube 50 was connected
t[0026)r e st v@menwntﬂ& n$elryn gr destinghitbe cprofatyRg ggicro-pump is

V@g : l?{edTF'F FﬁjtuFe BUPPhYe! #PBsO 3atR HithCA %%Eé‘rddréﬁmgg}e%fo? § mm

Sstate t hree: way mniaturize
weéreecohifiecied ¢ tresproidtype nickel-purép P08 Zeavenas abiluid irfietdube 50,

N Y | . New, J , h

b PGP Gles e, 2ph A6 A uniti Jubl £ o ThEAHAE oBlied, e 52 s
feﬁmﬁmfaﬂﬂ%aé% ttahg“th oﬁbboﬂ’pﬁmaﬂtaﬁi etrolnaer diamptessi@lSanm. The
source (not shown) ‘gtta vacuum sou

Bloh s 901 yos SPIBESIBA LIPS TEREVRI 3t CRIAINGS CRrighizkd fitered
1 G S 9 o AU B s e
twidne l’rﬁmattmzed solenoid valve 58, such as vaive model 161T032 avallable
from Nresearch Inc., New Jersey, U.S.A. The inputs of the solenoid valve 58
were connected to iwo™ pressure regulaiors 60 that are connected to a
compressed air source (not shown) and a vacuum source .(not shown)
respectively for actuating the micro-pump 2. The pressure regulators 60 were,
adiusted so as toregulate the pressure of flowing air in the air-supply tube 52 1o
maintain respective predetermined préssures in the pumping chamber 12. The

solencid valve 58 was connected 1o a function generator 62 via a driver board
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PCT/ SG2004/ 000314 8 August 2006 14 64. The function
generator 62 controls the drit4i ng frequency of the
sol enoid valve 58 and thus the mcro-punp 2. [00271

Tive dieViuRBtidi gansaRy emsoraells i diidhhyredudhcySofHhe antenoid
thereafter adjusted between 0.5 and 6.5 Hz in steps

ofalve 88 pRd s TBaEHCYrPWTRE- frequency, 5 the
giroggg{ PU#Re %dlvﬁwesf’fr‘égﬁé@cﬁdm% aat thakh étob 2 apd dherpatier

erm ne 'ength tra erse |qU|
cadijustad ibetvwden tD buand &S tHzdah stefseof3R5 da | h@eacmedpwng fdquency,

HBRGTGTOPHEID o XpiRecoor Bfpl R RediptrdtigBy dbrigg.  The
;lﬁﬁgﬂﬁ%%séﬁ by aqltha%bmknﬁqh Wl asi e te gmddﬁag the period
u

ace uid 1n the reservoir 56 (rou
i isdneasueed. adis iengthqlsralsgukr@vm as e purnp Ftar?é!g r%ﬂﬂmpwmp 2.
AT BPac Brol 40 hbhs b i B By rom o

fém‘ﬁadeactfeﬂmd irethehredenolrrgh (roagtdgmuycamasasc‘&”aullﬁgwd B). With

oM e AN D T
déderhﬁgarfd %%B&e\”ﬁﬁeﬁ%éﬁé'dai@ﬂé\ndaﬁl at £aoh d?ﬁmglfiequency

can be seen fromFigure 7, the flowrate is
swasca!nuhaady linear up to a driving frequency of

e c.sPilfe 7 SRS, B, SN ERbRuRIner b e Yfp rarte or
ajlelv patbizas dxtfu:ﬁuoulocﬂtmfdmngtﬂ'equamcy was h:aLuyh‘ateﬂ @nd plotted. As
oy e mendrom Higte 7 e MM e b S HERY et kB a driving

afr8qstiey Ot ot WG Pzl Al prarmeliatiow Fayidi QBB &Qrﬂlmmssobtamed
of othef materials which are nenti oned above.

Twhen tiendrivine freguensy isrhstwese 4dhapad Gebzs §hta¥ld 5!9 noted that

délg dé@;?r the u?é(mg{%tt was 'E%rrtgﬁi SSHh b%ﬁl‘v&éﬁf\@@gﬂ@ﬁ&nw of

erls IC I'sS obtal ne connect i . ) ]
tamut hHx) mQhMMQeﬁeqmmu%ﬂseareoﬁchlev@bimwahdnmmdla@rﬂexnbie

r of orizon he outlet 26 of
‘?3 %p&h%mteggfnm%a@ 'Bﬁﬁ@éd%' Eglb(%“}ﬁ“t)3| tions, 25
Smg] ' Ca'hb&ﬂoﬁi raiid! Forshe aregrese chamsterkiio at @ @'lwlflg feqmehcy of
The flow rate is determn ne ?6 g |
t’rH‘é’- 7 sziwwc@ FoeRgS.t His PU%T@GHQU%F%@ET%&P )ﬁ.cann cting & long
tﬁﬁ)ree'hﬁgmg':%r?ﬂﬁeﬁ’edlérﬁéﬁé“o? 19D AL NG aﬁﬁnﬁé‘roﬂﬁnhéter of 0.8 mm,
ow rate appears not to be
honzontally 1o the outiet 26 of the micro-pump at various pump head positions,
specifically at pump head positions of 0, 0.5, 1.0 and 1.5-m. The flow rate is
determined by measuring the distance along the tube traversed by fluid therein.
From the results obtained, as shown in Figure 8, the flow rate appears not to be
very sensitive to the output pressure. A back flow test was also conducted after
the micro-pump 2 was actuated to produce a liquid column of about 2 m pump

head. When the water reached that pump head, the actuation of the micro-
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very sensitive to the output pressure. A back flow

wo b&isfosy@s al so conducted after the m cro- pUNR- MBS 1000314
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actuated to produce a liquid colum of about 2 m punp
30 head. \Wen the water reached that punp head, gt R&gust 2006
actuation of the mcro- DOCkiE P1 00599 WO

2005/ 031165 PCT/ S&2004/000314-8 August 2006 15 pump 2
was stopped to | eave the mcro-punp 2 in what is

r pbmpr2avasostagped 1o daygahe onicho@empsaids twinatiial refered to as a

b@%@%‘%’ﬁﬁm\é\‘?@s’ %g-lsosf%ﬁ%"){)ﬁﬁ.pg%@ﬂ nﬁ%sgéggé%ig for twelve hours

r eftéreduhation of @58 mico- phhﬁ: IvaEGloppet) A raiasilia) ®et for the micro-
conducted. The mcro-p 2 was actuated for a

cBHTPIRIWES a§01mdﬁet§ﬂsﬂa% MIRERNUME R WA aFlyaaghior 8 Geadinuous
OREETBRR Ewsdl! | TREmIBbIA, YRIas oBbdGEd 198D BE! WiHking well

cro-'punp uring perio
Fafteribe peried, i.et tre pierd-pumprdie not fajlitkiring ¢hai-pedog. Furthermore,

r dthes after the el iabili t est 0301;. ;.
THE HETEIAGRT 2haduC T RYTS b FeBitisd PhesdiEr eligt i rotiabiity
celsk, and tissue 10 debris-containing solution. The '
test solution was prepared by digesting rat liv

t [0P30ks The anigiogRigPP Grwes a@ntestadet% éhe tdﬁléfehégt cell and tissue
di
Bl e 62t SRR prr S By gt er

t tissuesninda ailm%onamdgemte Higloe| she ateg’esolﬁmmmcﬁﬁteﬁneﬁ tigestion

138 gmin siz It was ,observ dtatte

b RSl & S DTS, 1o B Gl ARG dgBiiey b FeS ChTe Collg Wes 7-12 um
: j S a | [ f e

i Bemdio0Uhd He Qi RhgBs HHBin eseZ?cﬁﬁpﬂt’hiﬁmt@?aﬁpﬂ% It was

i sbwmetdathaemer@ was Inodaldckage s éms imigyo-piysn 2 dudog theatssh

IO - PRt Y, shOuR et BRefplehy hptitic] PEHd MpSimB 2 in
ThRmtdrehirgsdéfch.s Theghitss-pamps 2l isceshnestddistor atliguid tispensing

cavities or spots 68 whi ch nuycleic acid. such 20 . .
oﬁ;’”ﬂ%‘:ﬂlﬁt‘:@@ﬁ B@eﬁﬁ&slfg I 0\5%#1253@ ﬁﬂ»%\lb 'I"‘?QL{'%H q%sﬁr aoblochlp

oraﬁqndbptlfeaéddfro@ Bk arbigétﬁé fobor&7d THEbEibEHiB 36 |§rét @&§§bﬁ silicon
he mcro-punp 2 can be used to transport all ITquid

aﬁdb&t@é@ewﬂb w@ggapy BpptshéﬁBasttaywt"@ht héc!@@v.aq"éssuch as

g%u Jn%%ﬁg he ﬁ@?’%%%l nﬁmgﬁﬁ‘i@ﬂ lﬁ&?derrfbccfa?rypb{ffpnucleic

cor Cribe above I's
I aciddsdridithtion agsayadl Itmtntunmnmm;s Eroginl beyusresl to 2%ngpomall liquids

e LSS Bt i VLR L e e B e

afbode]| egevaxBeesINE ewReedaler Shickepimp 2 according to the
embodiment described above is low in cost. The top and bottom housing layers
4, 8 may be of polycarbonate and the intermediate flexible layer 8 may be of a
PDMS membrane. Such materials are a lot less expensive compared fo silicon
used in prior art micro-pumps. Silicon is known to cost as much as fifty times
more than most plastics. Fabrication methods for these materials are also less
complex, and thus cheaper to perform compared fo those required for
processing a silicon wafer. A PDMS intermediate flexible layer hgs a very low
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used in prior art mcro-punps. Silicon is known to

wo&g@{qsgs much as fifty tines nore than nost
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'$i on methods for these materials are ??GIZ%‘]?@OO:’”

conpl ex, and thus cheaper to perform conpared t@ g\l&%%t 2006

requi red for 30 processing a silicon wafer. A PDMVG
intermedi ate flexible layer H& a very |ow Docket
No.: PI 00599 WO 2005/031165 PCT/ S&004, /000314 8

AN’@U&Q 5 2086ulud 6a Yogtn Slehgadei pssperdy, N gﬁorﬁirﬁpim«%lleoand provides
operty, is bioconpatible and gr ovi des good sealin

goe%ée@im %maemammm@sm VEMEES. Fhygsthe peoblem o gfseahng
pm%he%égp Su?fgﬂle' A% aﬂa o 1 ?eg%aﬂg% h&ﬁgpé' gﬁ.c%ﬁr%t layer as a

m cro- pu ngaS| i aphra
odizpbragen V8 bWertchmemsm e usbef BDNVB DB membrdnay Eyer. Moreover,

€eo PDI\/IS membr ane al so al |l ows .
e P, e IR gl B Tal-Sitpadp, have a higher
c @Hﬂ%ﬁl‘e@.@lcﬁp re{ﬁocés? 'cgflc\i/igﬂﬁeﬁﬁi/ rfi&rodpuirhpd ¢RRING épiﬂlé&mdiaphragm
Furt her nore, nmbrane may be over actuated by

pﬁedhmmwen’é@r%DMﬁon@@bmr@eaam@aw aptetahby Prgumatic means
k
AL gl Sl o B 3R B i it e,
| strdke ogﬂume vbtas pumbaslc&mdt vhlui utrlemgsf of Iﬂme;jp;mppmg chamber. In
rom exper,l nt a esults, obt e or t
o PR IS b (BB RIS of 1S HUSHAIP SHA(- FAam Fesiiacig! resuls
i ébfaﬂ@asfbr t@&ot&y@@hﬁcrb@umm is *f&}ﬂdjthé’#ﬂ{é MRED-BiNAp is robust

unp chanber 1s ful air, i.e. prototyg&'
manﬁas puleptq rsurs@lhﬂu@rewwnghen the §umps@ha‘rmﬁrd8t toft g ie. the

oG Blocbiiip 16 A" Bl Y, s st ol ShARcPbBERAEH of the
i prc&btlype troice¢painptib enog aﬁeﬁau thye gas ibubbleshieapped dA ﬂhmpumping
 ngiEe) i onh B eapaect ihSe cle B8 FToaRiERs buove
Mesleany, | TS o YateWi the iniddo-usiyy is aamlfdunb aiot fb BRSsHrsitive to the

The prototype . m cro-pu is able to as fragmthe
i RHEPINGD HiFCPBYs YL RIgSRUEE 8nd J { DH@shHTPeadiEgPIootype

”ﬁﬂ@roté;{]lgl'rib & 4Ble Y{b h'ﬁb k@s Ydhy ieShlct 6 ﬂfeecﬁJt@%' BeEAWHEN the pump

co- pl e “punpi ng chanber, the m cro-punp
i bead seaaﬂednn@\e than Eanp Vel tl’nbbvalﬁ@ strpeiuges aulpstantally co-planar

S R R AAIPAED S5 4R B ot e

ephodamentro-pumpss not to be construed to be limted as
s ch. For

oo ATDRBRES rigvertind J8 lestRET 38 fpaipastiod dp Theeabove:
:{)P\gg«gltﬂregnetaﬁg%mﬁféht lid heveh b‘é%&hs&‘u@ﬁ%%@ idhit&as such. For
example, it is not necessary that annular recesses surrounding a pedestal be
provided for the invention to work, although such a feature allows pressure to
be substantially evenly distributed around the valve portion adjacent the
pedestal. Figure.10 shows a cross-sectional view of an alternative embodiment
of a micro-pump without such annular recesses. In this micro-pump, the inlet in

the bottom layer is directly opposite the inlet recess of the top layer. A portion
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be substantially evenly distributed around the val ve |

wo ReEbi9es adj acent the pedestal. Figure. 10 s 2004/000314

10

15

cross-sectional View of an alternative enbodi nent of
a mcro-punp without such annular recesses. In Bhirxggust 2006
m cro-punp, the inlet in the bottomlayer is directly
opposite the inlet, recess off the top layer. A portion
Docket No.: P100599 WD 2005/ 031165 PCT/ SG2004/ 000314 8

Asfi ghus bULR BBannkT indihe tihye 1zt [sedise Himectiyl opposiib ¢hd optldtaeeess of
is also directly opposite the outlet recess of the

It Qréa¥8f-. [ 00341 As another exanple, the

t gh- i ! ty]

AROSHIDy ok el oRRLR, 118 h ORI £ BBl thoTh Qlatabio
tpoptidragidhe imemeritinte Slesible lyebmayde foaped imthaltapciayse istead

abgve 0035] As.vet. anaot her exanple, although a
&R&%ﬂo&n %ﬁ‘grr}%s 'f%scggggﬁb%%‘ above for actuating the
MDE35]- PUiyetOidttiicragtdnasior althaeina tohetifesie mkahd &ddd’cribed

“the art may al so be used. For exanple, a binor

EhRve Ife @RUSMIHG TBIETO-BYRIP0 SETEY ACLUATRrSt lff@%p?ﬁ)ﬁp@gzgki"ed in
Ghe TR BisBHo B! EBr ExaHIbR, LbifipPPiYAdrifetl 1fhay be

ct uat abl € "portion i nternedi ate
|dispeised .withirf thespurepidg ahattber 1@aad shewrin Figurs i jardatioating

I f.the.. [ hanmber .1 I..| f
o Bguatiis BB PR S ARPEReG IS B R Tl € of e
RAbtile0sr ARis flBaR0 & wiiblot 88LpindpmgRitagtbdrol 2 While a second free
cantilever 70, the free end of the cantil ever nbve

S
sy OF IenPamievstini@ Ifgaiaelinseio fhg ACigiaiR Pariin 42 When a
SR R BB RET ) 8 el 25, BRGS0 GBSl florer moves
\ewvetyafyemi the rrempingl chamivet mallctanpughether agtoatable: pprieem 42 in a

d |1 , i h i
gl SRR R rp GO o AEPEHAIARNG AABMst L “yyhen the
|umtlta@é£1 isf)ﬁemee,{fmnﬁtﬁeeﬁrﬁi!@mtagbn thenfoee oRd tcogé%%dw dragging the
actuat abl e portion vvithin - punpi chamher is
ACHiiakle POTORIAZ IR 10 [BEtRRsSIhRYERITEAT B8 DTG g3 mber. In
AHBUSNRS0G rdefhrbbaiSmodénfdntidi the actuatable portion within the -

pumping chamber is achieved.
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A mcro-punp conprising: .5'a first |ayer. hav}{ﬁ“gefwegnz”myzoos
i.-nl et .recess; an inlet channel in fluid conmunication

Wth the inlet recess; and an. outlet channel; .10 a

second | ayer having: an outlet; and an inlet; wheigult 2006
the first layer and the second | ayer are di sposed '
such that the inlet is opposite the inlet recess and

at l'east a 15 portion of thet8utlet channel is.

opPbAaiM® the outlet and wherein at |east one of the

first Iﬁ%e{ .and the second | ayer includes a punping'
chamber'YFif&Tui d comunication with the inlet channel

“and the outlet channel, wherein a through-hole is

S

10

15

20

25

defined in one of the first layer and the second

| afrer tAMHFOINMA GRTEPTSMEIni cation 20 with the

punpi ng chamapétiagthadinghi rd internediate flexible

| ayer-having: an Ttnlet Slit and an outlet slit

posi tioned ther ephinlefeerasuat abl e portion abutting the -
punpi ng chanber, £4.8S LV t] 1%5{[‘ T ;
inlet slit, V\hergl?nﬂteae&}al\ﬁ?lélt n EE‘R{/a(’JlO\F/HePn por :a'gn%llﬂ{sqﬁe Inlet
di sposed oveeceskgandl et to bl ock fluid passage

between the inle n.%[]fflettcﬂgminéil et recess and wherein .the
first valve portion 1s novéable away fromthe inlet

i n response asecand iayst havind;uat i on of the' actuatable -
portion to allow,the,i,nlet to be in. fluid

conmmuni cati on w f“&oﬁ%eet' ?‘?14 et recess through the inlet
slit; and DOGk6t afliniet; PL005bi ) Anended “Sheet | PEA/ AU -

FCl J~; U2UU4/ UOU31 R ' 25 Jul y_ 2005 A \
2005 a second vANGETDOR 11ohiatas Z04E PREGURYE, g disposed

wher ei n t he such that the inlet is opposite the inlet recess and at least a
portion of the outlet channel is opposite the outlet and wherein at
least one of the first layer and the second .'layer' includes é

" pumping’ chamber in fluid communication with the inlet channel _
* and the outlet channel, wherein a through-hole is defined in one of
the first layer and the second layer to be in fluld communication

with the purmping chamber; and
a third intermediate flexible layer-having:

an inlet slit and an outlet slit positioned therein;

an actuatable portion abuttin‘g the pumping chamber;

a first valve-portion adjacent'ihe inlet slit, whé,rein the first
valve portion is disposed over the inlet fo block fluld passage
between the inlet and the inlet recess and wherein the first valve
portion is mdveable away from the inlet in response to a first
ac’tuétion of the actuatable portion fo allow the inlet to be in fluid = -
communication with the inlet recess through the inlet slit; and
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second val ve portion is disposed between the outl Rkceived 25 July 2005
channel and the outlet. so as to block fluid passage
between the outlet channel and the outlet and wherein
the second val ve portion is noveable 5 away fr@mAhI@let 2006
outl et channel in response to a second actuation of
the artuatable portion to allow the outlet channel to
be in fluid conmunication wl®h the outlet through the.
outlet slit. 2. Asatandovghenportion adiecent the odieisiit, wherein the

Tospect i v BRENCRAIETS dfposkd tERti e Bubibannel and

second | ay e outletl sedas te bleck firidopassagethsters pothte atlebéhannel

the internedi e |bIe is__arran et we

the bt moapdiffe bufé'aga Sy iBing Secd B RS EGRSveable
sCaim1l or &way\ﬁi’&mﬂh& dutlet ¢hahei! .mf-esrpbﬁsémmbona&ctuamn of

| ayer conprise edest a

S a ess surro
“pedest al bemﬁgaCWﬁ{a%%oB?Wﬁﬁt J‘F‘%é"-iﬂ%r ‘é'i'a"g‘ﬁi fo [3? In fiud
the i nt er redbahfinidzBdn AR tﬁead’lﬁfat thﬂeugﬁ i S{ithet RIEYD
according to any of Clains 1 to wherein the outlet
channel of the first |ayer conprises a recess
susroundi tiheny h'5hamber i
SHE oo ctouis 8L ding 6 iaih) 1P SRR i Bliink hamber s
10f | dsfinedebyl terespectiva pHreplag prasssercitothaifing leyerang the second
t r It ¢
51 BYER e ndirk B ShidIE fo it il inBRfedldenad fiyer i
f|euartgedheaye¢ntf@3:@plagmce$a¢5punp accordi ng to any of
Clainms | to 5, wherein the internediate fl.exible
| ayer conprises a polyneric material. 7. A mcro-punp
ac8or difgicro-puin accdrding &y Slaim they %Mhﬁmn the intet of thg|second
IS I r | of
16 olyEE BEEFeS 4 TpAs, Sdihs BUEHRIO e pedestal being I
: poBWmethWItlpd‘leyblﬂ!t ylit@ﬁﬁ@rzeq@mematatﬂeaﬁ& layer. R
" pol yphenyl enet her. Docket No.: P100599* Arrieli ded
Sheet | PEA/ AU FUDSUMJANUU314 Received 25 July 2005 8
August AR00iero-Rong.accoming to- poynef &Jaiorsdil g 3, owiaerainnthe, outlet
wh 0t ' o ,
%ﬁg@l ol?‘éhgnﬁrgtr iH@Ql‘ %ﬁipﬁgggccg&gsé aéfxfl‘romégflnﬁl gedestai the
20wh peddstel bengie Hbumm‘d wtrw-e suilst alit of the intermediate flexible Iayer

5. A micro-pump according to ény of Claims 1 to-4, wherein the inlet slit and

the outlet slit are respective through-holes in the intermediate flexible layer.

25 6. . A micro-pump according to any of Claims 1 to 5, - wherein the
intermediate flexible layer comprises a polymeric material.

7. . A micro-pump according to claim 6, wherein the polymeric material is
selected from the group consisting of polycarbonate, polyacnlic,

30 polyoxymethylen, polyamide, polybutylgnterephthaiait and polyphenylenether.
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materi al selected fromthe group consisting of Received 25 July 2005

po. | ydi net hyl si |l oxane, nylar, polyurethane fluoride,
and flourosillcone. 10. A mcro-punp according to any

of Cainms | to 9, . wherein the 10 internedi atg august 2006

flexible layer is a unitary layer. 11. A mcro-punp
according to any of Clains | to 10, wherein the .
internmediate flexible |ayer 28 at |east substantially
flat. 15 12. A micro-punp according to any of Clains 1
to 11, wherein the first |ayer

; and the second | ayer_ .
arte o PUENEFO-PYMPASRAQEHIBY Aol BolIPTR thp Amisiate Rexible

Cl\aydF8s & midnbrdne.f Urther conprising an ' actuator
di sposed in the punpi ng chanber for actuating the

actuatable portion 20 of the Internediate flexible '

| ayer. PRANI g Moy o 1 Qi B N\OhdrS B and\BSh i
tﬁélé ac{\ Lﬁ{cédﬁp%‘ﬁa&gpm%pﬁcé[P% ’cantrlgllne('?i\’l/g'P_{.lg Do%rllet '\Elfuézhsa
Plroaefigl selaeted cliorshibet glope/gongisting of palydimethylsiloxane, mylar,

polyurethane ﬂuoridé, and flourosilicone. .-

10. A micro-pump according to any of Claims 1 to 9,.wherein the
intermediate flexible layer is & unitary layer.

11. A micro-pump according to any of Claims 1 to 10, wherein the
intermediate flexible layer is at least substantially flat. |

12, A micro-punip according to any of Claims 1 to 11, wherein the first ]ayer
and the second layer are moided.

13. A micro-pump according to any of Claims 1 to 12, further comprising an
actuator disposed in the pumping _cha'mber for actuating the actuatable portion

of the intermediate flexible layer.

14, A micro~pump according to Claim 13, wherein the actuator is a bimorph
PZT cantilever. B
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