1 M CRO PUMP BACKGROUND [ 0001] This invention rel ates
to a mcro-punp (or mniature punp) that is suitable

wo 2005/03d63 n bi onedi cal and bi o-anal yti cal appl PCEBGTNNG000314
[ 0002] M cro-punps have recently been of interest and
found applications, for exanple, in the |life sciences
and t he pharmaceutical sector. {One application is the
delivery of drugs to the human body. For this purpose,

m cro- punps are worn on t dy or inplanted
therein. Mcro-punps are gﬁggﬂg'wpn bi o- anal yti cal or
bi ochem cal research. [0003] One of the driving

factors for the increase in bio-analysis applications
|SBAGKGRQWBH on of the Human Genone Project, which

R, | R TR 88, BPEEHio oyl 16 by pume) at s
5 usadtalbre foheseinl biooedicaliagd bmelnaumcaﬁ apptieglionss whi ch
A pOBBT M oS 1S aefip o BRu A TR Ak YRS nplications,

m %@Xé(lﬁf]%eﬁl th e RIHRES aP thE PHaPRasddticePsedtel. |OHH 8pplication
fluid de |ver%: in the range of mi/mn to m/mn.

avt$| the dletiveanPhatrugn o W@slauraamb@ﬁiyntﬁonthlsaw%ﬁaé%lf:liq:pumps are
?/Bﬁm)n e hHmé}%g groq i #ﬂ ed M érelry AeR- b?fm?‘s%?@sﬁgo used in

each” use uen a m cro-punp use
10 subrb a]aﬂﬁtla@rw:hmchesrylmémsehmh d ideally be lowin

B)&)EBL %gﬂ{@ar}ﬁ/ f@cgqyg tg llncr%%gg%]bl\é%’taggs‘cls applications

m B %Uémﬁpléﬁ(ﬁ"t dsfSthiel HamamdénsmdD@tr@]em Apmith cesulenin the rapid
2002/ 0081866, Choi et al

M Ee\RIoniment mif rneleguiag @aQNQ%ﬁSSUEE H%@%amgsw'ﬁaaotﬁ& systems
FaQé‘%d: Rt ﬂh%?%ra{@o%ﬁes intlude, rﬁﬂfr@lﬁurﬁp§3%lcﬂgére'\@dsbhﬁélefor micro-

Conprising an Inlet Control
15 Foﬂuldt magpliation m‘ mgagerw @d Pk rparmmples g, bhese vaqafo pumps with

ﬂﬁ%rg%%{o?g%ﬁ/@g are (\:/%J bﬁf%fyec?sed'gﬁd %Qr%rol%%[@ﬂﬂd%ehvery in

6 ﬂ%ora?@é of @I/ﬁﬁ]rﬁﬁﬂnﬁ/&mﬁl To avBicﬁnamtaMmaitmfpmm}ét cobh@nents in a
Pat ent 408, 878, Unger et al., "Mcrofabrica

El g@gaﬁﬂq @ysmn,emgwglqgm%crgy@{rgﬁ% are,gyRical I¥3%§gosed after each

Ungss. €énsBlyuently, a micro-pump for use in such a diagnostic system should
20 ideally be low in cost, reliable and easy to control.
[0004] Various types of micro-pumps are available. Some of these micro-
pumps are described in U.S. Patent Application 2002/0081866, 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
25 Comprising an Iniet Control Member For lts Self-Priming”; U.S. Patent
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
Elastomeric Valve And Pump Systems”; WO 02/43615, Unger et al.,
30 “Microfabricated Elastomeric Valve And Pump Systems”; Didier Maillefer et al.,
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"M crofabricated El astoneric Val ve And Punp Systens";

Didier Maillefer et al., Docket No.: P 00599"A
wohk@boRass or mance Silicon M cro-punp For Di spoBeiyb@2004/000314

Drug Delivery Systens”, The thirteenth | EEE

International Mcro Electro Mechani cal Systens

( MNEMS- 2000) Conference, M yazaigi, Japan; Mel vin Khoo

et al. , "A Novel M cromachi ned I\/Iagnetl c Menbrane

M ¢cr of | ) 22nd Annual t er nati onal .
Cort eH@i‘c‘g e'iﬁfg{%ﬂée EO'EnM"FYQEW% FW NigPesafleaftiug Delivery
B' S é-’tgbhssoﬁ'leeﬂﬁrt feHH F@Q?Intbhwatlgﬁgﬂw/c% E'Iéb‘?ﬁﬁ%hamoal Systems

ias, C. and J terich
se(MEMBrma@ @@rdelzmbe,l Mlyazlaét alﬂpapl eﬁ/teé\nedt(h@cm egidli c6A Novel

|n‘t€7ﬁerna?8%'h§§ M&gﬁé‘ﬂc ﬂ\agrﬁb%%%s%'%ogg% t‘ﬂf'ﬁg sz’ﬁ 22nd Annual

5 Gemmrnawormw Cadelsdce dof. MeapET EnginéXrigein M(Eibrnfeeb/@tj Biology
g eck, /ilself f||||n | ow cost k@ﬁ%
?‘Efetéfu icagife byt H2OMGuAT-LINREEIANG: | b %r pedff, and

MEMR. Dik88&h, *ﬂ@'s@ﬁlpﬁﬁﬁﬁg %ﬁ”ﬁﬁ‘ﬂblepﬂ%leﬁ@rﬁ’ gizkoeldettic silicon micro-

Shi nohara et al |_Ig ressure-resi st ance
m RYBP femfsuids a@i aeses\/,e hendi1"hennwal|iftecasional warksep on MEMS.

I3 9 o o AR 920 R B 55B, an

10 Cha0tessb&xlgsheseli-tingllow-cost trieenbrape euiced-pamp”, The 11" annual

per 'd%‘l ti m cr Og@%‘ﬁ?]@ﬂ%ﬁ@ﬁ' ?‘%{ﬂ?%ﬁ%é‘?mmyi’ PRA3R-437"; Jun

et SﬁlhoharaAehlaﬂhF’Ar Iﬁl hNBrassurLresisimcs BicPo fuging?Bctive and
i mpl ant ab \I}z(ray system The 199@@ ¢

| PRl leRe valess TS ﬁ@em@tﬁmeapn@wtcm@@mechamca/
19‘?(2&9&@%%@?(9 ogua r?ggé# Qg%ée::rfg y o ny%de%?l pl‘%ﬁgg]rﬁroslean
15 i neta atharﬁoemetmapnetsnaimmedta@q hreicraspuims, c7F&§)t7IniCﬁI Digest of
s DB lbers "B Sl lrpdr o€ DI b8 RTH. A rion-

U ﬁerfd?atme sﬂlcﬁaﬂn%&lpumﬁﬁdr Bhdimprankébld Idﬁﬂ@rdeHVerglsystem” The

o B R e bt SR PSS s 7o00)

| nEeAferéncN abrddel PIdriBcUSA, Yoghani cal Systens
( MEMS- 2000 Conference Myazaki, Japan. The di aphragm

20 o7 [008BEe #OB10-Q5utgs MirotRsmes gsneralby iiveludel ar digphragm in a
Si él‘lé?%‘er\"ﬂfa? s Lb%u@@e@ Witk Mgy ﬂvcﬂ%ﬁgb \ARel" o Wb %rzzl\%dlffuser

nm Cr o- Nac m cro-machining 1's a subtrac
famnflgaratmmsn‘éutfommb@mms anerxg*s@osecyn;t EllS. Patent 5,759,014, U.S. .
Patent 6,390,791, and Didier Maillefer et al., “A High-Performance Silicon

Micro-pump For Disposable Drug Delivery Systems”, The thirteenth 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 structures. Surface micro-machining is an additive method where layers of
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silicon is lithographically patterned and then etched

to formthree-di nensional structures. Surface
wor@so3rmethi ning i s an additive net hod where | ByE862004/000314

Docket No.: P100599sem conductor-type materials such

as polysilicon, silicon nitrate, silicon dioxide, and

various suitable netals are seguentially added and

patterned to nake three-di nensional structures. The

use of either of the above nethods requires clean room
f aRemicenduistairigpe meserials gueh e polysicem Sifkos ukatessilicon dioxide,

t %’@cﬁ QHEAd ¥untg§§f§ Hbfé‘so a[']éje :&gﬁé i oslydéuﬁ%ot BRq Sbéﬁéﬁ‘?éh to make

ragm-are expensi ve
nathréaadrtnﬂnslonﬁhetnhntgdescdﬁrte msaeyobeltfmrcdiltm aboe fr@fthods requires
ve to th

dl Osa(%l;fggaqllgnelshgéd: gg%ﬁﬁ Fe nu ol |p5?‘feg§s?%r SC,eonsequenﬂy, the

5 dl FRYS-POhPDsiBBlutihgP R amabrysmépmagm @fd IS in [rﬁ)@c@ﬁiﬂ cost and
Furthernore, the silicon diaphragmhas a very hi
YoRRENSivAdA manstasturgh Jie high C@ﬁe{“awb%%?'?jb'ﬁmwflﬁigﬁﬂ%éble use.
sugh S
A e ARSI b R LESRIA, sqqecaly or
st diskesabtd useein biorainBlysis apiplicationg. vol une, which is a

VO of fluid th i s.not,.di,s ed | j ,
LB ! ek Sl PR uflrF b5 & Rof o' mocuius
10 comm@noo Qpal | A niisrodhEag havinggeieh s diaphragm gereraliyas a low
where sel f-prij mn |s conc ned To achi eve

seP?mBTﬁﬁﬁ‘PﬁéatF%V‘éh (57ipg i.e. to be able to punp

as nuch gas ean?A‘gqu;J bl es out of the mcro-punp, the
conpression ratio néed§ to be maxim zed. To maxinize

conpr essj on t.i dead vol u nmust be m nim zed
whi | e t‘ﬁ%ergt‘gé %%FOWF%? 3%‘%9 Thi s maxi m zi ng of
15a stroke volyung ee @eﬁdc\fdlhrﬁé”mﬁ@vlleﬂgt dolirlel 6PMuid that is not

di aphragmis not easi | y achi eved, especially if the
m cro- punp hitsplaceplinia mgnmhgrdhambarubnag]gmwpnm oycldaes

di aph t
2otegb) o3 Enearersian rlo I dspieheithelRupat Mg where
a KbIfpfi rﬂmgal‘étc}dﬁi:bﬁ{édf %C@Ghl&k?BeI@-pmmmghrpwmlc@pump, i.e. to be
exhibit arelativel Iarge dead vol une due
i SRt toh PHEPWS THRR ms\@ gas (WDbISS Pib 9t dhap'wr%@wmp, the
20 angﬁr‘hpﬁﬁsgﬁ éf]@gg E{a%)rgi%d KFTOK% ﬁ{%e orkBRISIon ratio, the

sel f-fi
dead volume must be mlmmlzed while the stroke volume maximized. This

maximizing of a stroke volume of a micro-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
25 piezo element that is capable of generating only a limited actuation force. Such
a micro-pump may exhibit a relatively large dead volume due o a mismaich
between the shapes of the silicon diaphragm and the pumping chamber.
[0008]  K.P.Kamper, J.Dopper, W.Ehrfeld, and S.Oberbeck, “A self-filling
low-cost membrane micro-pump”, The 11" annual international workshop on
30 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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| ow- cost nenbrane m cro-punp”, The 11th annual
i nternational workshop on MEMS. 1998, Hei del berg
W@RTasmes pp. 432-43, discloses a mcro-punp haRCTHHGZ04/000314
| ayered construction that has a relatively high
conpression ratio. This mcro- Docket No.: P 00599punp
i ncl udes top and bottom nol ded pol ycarbonat e housi ng
parts that include mcrostructiures forned therein that
serve as inlet and outlet valves and alignnent
stDUmII incledes topang ba’ftmrra@lde@ aplyearhenaicdrsiuppars that include
e r N I
= el e T Bk ey, a5 SPHEL BT, AL TglE VaEs and

meifighasat stiltuizsA rpselvbamaatesvaiw ntegtbrane tsepamtés theetop and
upper housi ng Fl ui di c_caon i on between a s

t . .
umgpmeaaﬂst hEﬁ%{m’ﬁr%H{S‘Paﬁléodﬂaeat%ﬁ pUMR TIRINQABP, which is
5 ¥ ?rofﬁet hrv%{\?e rh%n*b‘?&r% ethd Sup th@viBFhnRYs dunted on top of

rica rough-holes i n the upper housing part.
suhmwe[ @oospgmbrﬂuw comastionthsivaenta spageandereath the

| rb\ﬁ?rg} m?ﬁ%brgﬂglra% a \;Hl\%vpfsgf\g Vet G VAP m gmane is I%cated is

es a |'ayer, a secon
a dohlevad ibyttenroytindrical fHrexgibheles &rytbe. upplee hbusieg plaetyer
includes an inlet recess, an inlet channel in fluid
communi cation with the inlet recess and an outl et

10 creamaRlARYhe second | ayer includes an outlet and an
inlet. The first |ayer and the second | ayer are
dil68eRled Acaaidingaio amembodiment of Hip énvestiphethaip ds provided a

r erﬁf:?osP@r“?hiﬂ'ne rﬁ@ﬁ% p@m?%élh@ék folréth yErIg! ?écoﬁﬂ"’l ayl aia third

opposi e ou east one 0 the er
andtetmedlata:tﬂedlblaayemerl fibemcretsla/epumiumﬁ @hainlgir recass, an inlet

o Lﬁagpel lﬁgﬁﬁtggr%ﬁguq N@jp%ﬂﬁ&frpé%asgﬁé Pﬁ‘&ﬁtlép&annel The

15 | ngdcuA@dayt indlugés Sni éut&;‘n(hrﬂnammldatet Theifrsiplaget andetle second
_ therein. The interped

]
ar\‘a\é&ftﬁiﬁtdﬁ’:ﬂc@eﬂoﬁu{*‘h&h&t S pEE apapots it ik rosRiplh af least
D?qrh(m 6f the! d»due%léiaﬁné%epﬁbéhel tHE oRBEL i@ 'lba%@bﬂ@%&hé hm layer

et slit. The actuatab ortion abuts the punp
chanitbie, semedflayegtmclud%ammmw chamiek wb%lée C@mum'ﬁ%tlon with

| %St il B%a%#&r Qhé)ao?tﬁ@?%hgﬁﬁéﬁ’eenrﬁé%tbﬂﬁ@&l ﬁg‘ﬂg&gﬁ‘a layer

recess rstva ortion 1s novea
20 f rinclutié® anningst slm ares ponadiet ($|I'a pt)sltlemedactlueram o hef intérenediate

LA T 4 B R bAED, el PP, e
S| thk inlgh SlitsRrOA debrid V8l0e ipdribnsatliscmht e vedat slihe The actuatable
portion abuts the pumping chamber. The first valve portion is disposed over the

inlet to block fluid ‘passage between the inlet and the inlet recess. The first

25 valve portion is moveable away from the inlet in response to a first actuation 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

30 outlet channel in response to a second actuation of the actuatable portion to
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outl et channel and the outlet so as to block fluid
passage between the outlet channel and the outlet. The
W@ emsnslilgal ve portion is noveabl e away from t hECDSG2084/000314
channel in response to a second act uation of the
actuatable portion to Docket No.: P 00599allow the
outl et channel to be in fluid §ormuni cation with the
outl et through the outlet slitYy [0010] The purrpl ng
chanber may be defined by two respective punp
r cdloysthe Olﬁ'ett gharnel & be ayﬁwdaxwmh@cafe@bwﬂh |tfa<§/ éwﬂetﬁhrough the
{}J{Ie?sg se, the actuatable portion of the
ernmediate flexible layer is arranged between the
pu[mrw]g ré’hemping' fambeetmay behdefinedomyd tvayespettiye pumping

5 08 S e R, o RS B

5 | Nb&HiBR dbatR th&Mé@ilﬁeHWe A& RUbhBhgsdBYRbe®fthé Mimping
first layer may include a recess surrounding a

peesssgs. theeiniddsthalsasenddayer agytingiHee @ fecasgesurrounding a

I | & ' f :
SrbSeieiit v Booddf A RO i . B st
f oflexittie myeuedﬁm:rdutlekjcmmmﬂimfema fiegtelayar gedy include a recess

oG B belpyal M St SRt o R0 P 150, O st ot e

10 rram)érﬁggd,gtgqeglgﬁgna@érf ectively and by a relativel y
| e_process. The features peculiar to the fir
I a%’ﬂ

1hnd TheestaisAPT i dFstayer siach the SPeRTEL lveh f?lht:_he above-
r eé@%fb'e\ﬂeenhd@%oﬁré\é?llafg%e% dé\'ﬁldeﬂ’t’ %I%@rﬁaﬁ%&éﬁre b@%@&ied using

The 1 nternme ayer nmay be nhade of
naaesingle mokd AC@QFChngly,ebhebplllmpyOfsUth ingeaiinn £an be Manufactured

t hégsgiﬁf%?’“ﬁ%}’ %ﬁé ril E%?gtfvteﬁggiﬁ%oé 'brc?é gg 'oﬁﬁé g?étgfet%%uhar to the

15 m?tna;l' Idyiirland)fheasédnind lydrnmaf taelsdm fovmebdcinothe respdctiae layers
or of a p% meric material. A suitable

|nt9l "i’r gilayess PR, molded: 4 nenbrane |ayer of a | ow

Yopgua2 Mothe! iHfermiddiate fiakible dayariRa béhﬁa@@bﬂamamaeenal that has
portion of the internmediate flexible |ayer

cI adiepdpility geiliciaghifersactyationsia engrethe tr@mﬁprﬁ g)félﬁa'ﬁlbtéfough the
ghﬁ'ﬁf 2?) éléln'l? ?({'Pe)[(rf%?e ;{/ g%ﬂ 8f thglhhlﬁe I%lP d?‘é”ﬂ?nn film of a
203ubemmmdabﬂoy, fsleh . asSisilicon, |ary ef aspcdarstymc omatenal A suitable

lfer?r%dJ ate’ I{:\;Eser\r)llsl,E E\ rrl?gr%g%lngrlla% (9: a WWON@S modulus. 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

25 substantially flat. Such a layer is easy to manufacture.

BRIEF DESCRIPTION OF DRAWINGS

[0013] The invention will be better understood with reference to the
drawings, in which:
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[0013] The invention will be better understood wth

reference to the drawi ngs, in which: Docket No.: P
wORB%RKHIgure 1 is an expl oded isonetric draw nRCDSGZ004/000314

m cro- punp according to an enbodi nent of the

i nvention, wherein the mcro-punp includes a top

| ayer, an internedi ate | ayer d a bottom | ayer;

Figure 2 is an isonetric dravm%;g showi ng an

undersurface of the top |ayer in Figure ; Figures

3A- 3E drigurelraifiangexpiodsd isgMmetrig diavang oba f%!ﬁfoahwnpaﬁccmdmg to

‘ héét? §ﬁ1 bﬁ{ﬁHe‘ﬁ't‘ B! 'tﬁ%m@eﬁ%qg S(ntllﬁgefﬁnthbhﬁlcl'ﬁ‘ ﬁ@r"nﬁ %cﬁl@&%‘s tﬁﬁgp layer,

ayer € annu ecess an
pwhamtamedlae mlyemmdabdttbmelagart shapes; Figure 4 is a

sectio r of a m o-.punp si.m | ar h

m crop rﬁ)u f"nf1 15 @8 'éomeyﬁ'b RQ E%\oewérbg lagylérﬁaoeréuﬁace of the top
5 Snlé?erflh'ﬁ to the bottom | ayer; Figure 5A is a

sectioned drawi ng of the mcro-punp in Fi fe takn

al ong IFigisex3A-3f are girawingsyHaovENg RIFR VigWs Bt i Annuar recess

Sh%ﬁa?lgon gﬂgétaﬂomha. TRt it & gz:ay@ mur@uﬁ@z the

is a sec rawmng simlar to Figure wher ern
t hanmilarregassyanidsthe ipedestahar shavet inaliferantshapest e f or

d i fl th h I ' Co

Fi gur o Fagurpof i3 Bgeigng ditufio. bt R EPURE ol B g micro-
10 Whgiireip Th Flbﬁrem GheRiHTPthiegop Nawn snapantteewm lmttauataydr

state for eII|n fluid out, of E }n‘b

t hr ougH:'ﬁlﬁe EX:E S@F‘@"dﬁ%d@"f’@g&f t QFFE'F;&D%W%BI'" dgyrg 1. taken

T oBioRY ﬁhé*%kr}gFfd; Ufe REWhBFIRMSE nfitrothudhP IsO$heh assembled and in

m cro-punp simlar to that shown in Figure ; Figure 7
i saaogegplatest staleow rat e agai nst driving frequency of

the br q'Ei l§r§p§B g{ac Eé’cti%HEH d?%ﬁg%@“%qg L'iljag.’,Ag rvséhrﬁlq'eigfthe micro-

experi nme rgure ure

15 | punp ad eh@mumatﬂrﬁwqhudted(!statb fbhdrawmg diuigabrough an inlet into a
m cr o- i?\ npl ta| ned using the experinental setup in
Fi gyfremng.c GFe 9 is a schematic di agram showi ng an

appl i catig@ 58 ist d8edtioned RiFaRIng siMmilatiosFigure 3A, wherein the micro-
pump is shown in a second actuated state for expelling fluid out of the pumping
chamber through an outlet;
20 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
25  micro-pump obtained using the experimental setup in Figure 6;
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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Figure 10 is a sectioned drawing of a m cro-punp

accordi ng to anot her enbodi nent of the invention; and
wOomkMes116H. : P 00599Figure is a sectioned dr aw@IySG2004/000314

simlar to Figure 3A showi ng a bi norph PZT cantil ever

di sposed within the punpi ng chanber for actuating the

m cr opunp. DETAI LED DESCRI PTI q\l [0014] Figure 1 is an

expl oded i sonetric drawing of a m cro-punp 2 according

to an enbodi nent of the invention, The mcro-punp 2

i ncl udeisigares 11 ista sectianed wsawing gimisardp Fgyesth shewing a bimorph

PEEL R RBLET R RS BB ebaung e i

angdumpe bottom |l ayer 6 to define a three-|ayer
structure having a total thickness or height of, for
exanpl e, between 2-5 mm Figure 2 is an isonetric

5 dr pETAN SHOESORETIONDer si de of the top housing | ayer
4. At | east one of the top layer 4 and the bottom

| afQH4p | Figuwiget i punprplededdergetiis drayingepf Megnigro-pump 2
i A - Ej t 1. < . .

0B GSHSBhEp FFpin 1e BIGHAIHER, otgoo o

| i of ttepl Housinfgolayex alyphesabamor Podopuhpusiggclayebes ard a third

may ., have,. i ampter o but. not, L.im.t a...for

xipridiste JoRE BverisaniiiaRatapaebifintdh BBl 4ng the botom
10t hayepp tb Axe 4 tArud-lahér dnictomHaligra tuslethickapss bi ieight of, for

punpi ng recesses 10. When_di sposed opposite each .

bt RERMBien BEBVRRIN 3 A g Fbcaddie 2051 INRIMEHE Jainhowing an

ChaRB&Sidb%of ﬁﬁa%b%u%m}gq%& i nGliygas He bR tdpel§es 4 and the

14 ‘and an inlet channel” 16 that connects the inlef
r ebeiemlayard irchidesrep pugpingcesessl 00 thatdafingsta pueping chamber

co | [ Thej C
pu 25 0% A <66 TREHLBGRR, 2 n Tl RGeS GRInEEY 12 ray have a
154 abigat b dutideslimitedtd, fertexahmie200ihaThée pumpird ghamber 12 may
comuni cation with the punping recess 10, The u&{eet_
chBAYR R dlameiee Ohciy Bt et 1o Ak e PleQ Mp. {Thie micro-pump
supr irPFigufS , RREESH Rlyefd Ald e bbfeml IBYSr 6%havBNRespective
bottom layer 6 I ncludes an inlet 24 (Figure 5A) and an )
oupLapimpreoesges d 05 AWWherhdisppsast opposite paeh igiharoAhese pumping

, ofSleicd 1 53 e BRI VNI TR P BE Ao an
20t sémmsbdl Handoaredniehahanriet hize scomhectsethli intet @odss 14 to the
:2%%%%23%@5 38%@83@ ngLgd ZC%rr‘?lnr11gni}':rgt?or}c 'trrmg’rtebgﬁ\(/jeen. The inlet
recess 14 may be, but not limited to, 0.5-2mm in diameter. The top layer 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

25 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

30 not restricted to a cylindrical shape as shown in Figures 1 and 2. Other shapes
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not restricted to a cylindrical shape as shown in
Figures 1 and 2. O her shapes Docket No.: P 005998 as

WG bad3iles Fi gures 3A-3E are al so possi bl e. ThepOUsGEn4/000314

26 includes a narrow portion 32 connected to a bul bous
or wider outlet recess 34. The bottomlayer 6 further

i ncl udes a through-hole 36 thaé isinfluid
connunlcatlon with the punping recess . [0015] The top

| ayer and_the bottomlayer 6 are arranged or
di %59%“ dhFiguresesAgEr %'SP Ipessitesr HE%I pHie! 9 igiudes a narrow

| ayéitioR 3oubhnbdial 18 aeoum&gt%%u?% 3% ThEBoim laver 6

second annu recess m I ayer
opwblet énclides al throna@‘ebele 36 thiat tibeint quudl eyremudicathbrs avith the

'np\%r“b‘ﬁgé}%éegsggl%nem of the top and the bottom| %ers

t & portion of the outlet channel or

5 no[0@15pecThe ¢ay layet Beardd fhet bawdiillafer (8RS Srrafed &  disposed on

di sposed Oﬁg%leote the outlet recess 34 of the bot
| a§Hiter siderpitheoiptermpdiate, flexibie mrt&)sw%trw@tth@mleta%ror more

6 | end | I
t hi@gggtﬁ\%gwn%sséé&ﬁg rdgfnﬁfa'gﬁgé\i\gésa%é edj)a‘{h@ bﬁﬁblﬁnﬁ% gfz‘t [§eoRRgsite the
I a&i‘lﬂ* recasgyl 4ef TIhEXted layertde Ataxt imﬂmsl ayamgenent dfhhe top and the

CVERAT tatelg & R HoeBHC: Battbs”oF dhe oot icheBneh dfoor more

10 t ospHcifizally the fivsit darmidrayessstod, s B%p&@@d)o&pdsm@dhé Quliéieecess 34

15
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a er_neans of attachjin e top layer 4
t ogftth%%Pﬁ‘a@HaYeé&e The I%?JPM%‘& 'Sofdfedlatpgh% bpttem rw\teécﬁ togompress
gl thbﬂﬁtenﬁél&‘lﬁteaiﬁe%@ ha@r@tf%fe@éﬂde@ﬁ Big&ed s §hve€cahn ple of

screwi ng and % he assenbly of "the top
tthVIﬁéhQ Eﬁﬂe‘ayﬁ%&éﬁaﬁ gl fixegstoviiedsotionu dayen . t ethis example the

her et | CX%PG Iéé ?ﬁ%f%}th%géégﬁqltwgwgﬁhﬁ% %Fn%e%% Rptaiding from a

Twr@@eﬂmmoﬁtooalldvhmmbchtmnaw & wvbblsnbﬁ-fnkeaablth@dop layer 4.

|S E@ htﬁzb}éjegﬁg gﬁ%ﬁ%‘fhl"i‘{ ﬁlgctpaq%%erw@ttpng t ven Iaye}‘/\-ag mgllugav\put are not
t Hemtenptd @mng uich &ewithi 2 aaRkkvéUr 8ttt)se Qﬁtaﬁﬁgél{/é‘y@ére\ﬁmg and

durl na The bottom | ayer al so i ncl

9e- %%ﬁm%'&tcﬁrtﬁe 3op '?\0%51‘6}0 ﬂﬁelqwqréamsoﬁ aﬂ@ws voids,
fl@x:hta th%&f 110Ch 4
out et hol e 4ssg%f1pn(|1eg t g %wg &g# ?"pgé,htgﬂﬂﬁﬁ’%"y sealed for
t HPpesating thee mignoepurnpl 2 33 h&ndp@laltlbetofhthee nﬂcrormynmaﬂlemll be

a fHsBABLE" hBFtI'y bufhen%p lé{)éll %fd aha th%eb}gﬁ %yefl3 6 Ta may mclude

alignment structures (not shown) that allow the top layer 4 to be aligned with the
bottom layer 6 during assembly. The bottom layer 6 may also include integral
tube connectors 37.

[0016] The intermediate flexible layer 8 includes an inlet hole 38 and an
outiet hole 40 defined therethrough or positioned therein. The inlet hole 38 and
outlet hole 40 may have a diameter of, but not limited to, between 0.05 mm to
0.5 mm. It 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 actuatable portion 42 (Figure
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0.5 mm t should be noted that slits (not shown)

i nstead of holes 38, 40 would al so work. Such slits
woreapszmes a di nensi on of 0.05-0.2 mm by 0. 05- OPQI/&86G2004/000314

The internmediate flexible layer 8 also includes an

actuatabl e portion 42 (Figure Docket No.: P 005995A)

that is clanped in place by a geriphery of the top

| ayer 4 and the bottom |l ayer 6. When arranged or

2 Shpved ELIRED Lot KNS B BT A e oo

12layer 6haNbers earane\d oo tisppbed thapvbery tre ﬂopﬁhﬂet eand the bottom
as

o BT B st el e e ARl g oo SBEMESs 2ankine case

bewhee hothibertep Mk vahdPHEPbdtbrh RERP SERcRdetd Su:‘h?ﬁmg recess 10
Ia er 4 and the bottomlayer 6 to'be in the md

5t %hﬁ%mgcr&mmvedéhe retuatable porfmpRrig areangsddsetween the
;o?eisggé’ﬂv‘e gr@ée‘éséé 5'JP ke {oﬁzy I§99|84 Bttﬂg rb hgﬁl I%&%? 6 to be

st val ve portion 44 adj acent I's par
enindte meiddle saf the putipimg, chdmbernlﬁedeﬁnddebﬁ&e Miveping recesses 10.

SR o o e B ) s 3
s Tcghd;erm msgwésnpamfmlge emb‘tbuirﬁ%nt: f\ﬁ'ﬁﬁﬁltdﬁ”negg Sﬂg’ggﬁlgf RBle 38. When

or abuttin
10, %%eé{%? & peiwean tactan laver pﬁ’a@gag@%ba@wwame 6; #igt first valve
24p@rﬂ6‘n Uh8s ididRised eﬁﬁﬁ? éiéhtﬁé?s %%?or t ﬁﬂ&@ Fcess S 28 with the

therefore function as ve seat Irs
pdﬂh’( dwle S8 peatedhov cr ahgting rtbe sedond pedestain 304toofb|ock fluid

FrooeePg SRR i 18 St S i LoelB o, T8 podesta

t htbetaﬁqnel fayetron4as a vavemeas tortthediréi vaive p@ﬁmt443the€éabove. The
on 42 t the inlet 24 to be

15 b A S IS L v o
t hﬁelarmhatar Féde%s&% mifoQﬂé Yr]IetTlfé%e‘sélﬂﬂrd‘F‘Wé ﬂipela?érelirp}e%ponse to a

| ayer 8 further includes a second val ve i on

adfralcasiuation of Hies agiaatabla, partiosn#d de r%lﬁw intetn2t itey,be in fluid
”&n%hhu@én&!{\h hﬂ%mf@“ﬁfbe%éslﬁ (ﬁ%h%éwﬁ&{‘hélg%st op

er and e second lTa econd val
idh 4Bh¢ snfermgha’@dﬂe)ebmeétyerr& faitnert iriudésaa second valve

20 {5500 38 g SRSl e b ot ol

22405 0 Vilisert asbémbledftbelwée@a56&0§ lapéreethd e e8tdRf layer 6, the
channel d the first edest al 22

C R vaVP modfarcHP s Siepopapetueen et AangacsRess 20 and the
vadutiet Rsvlebs 68, Whh a\Might Bihs Stos'tﬁ’é’éﬁjced 6t SMRfddPIhedt st pedestal
abutting its respectlve val ve seat
22 so as to block fluid passage between the outlet channel 18 and the outlet 26.
25 The first pedestal 22 therefore function as a valve seat for the second valve
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 ‘is
moveable away from the annular recess 20 into the outlet recess 34 of the

30  bottom layer 6 in response to a second actuation of the actuatable portion 42 to
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backfl ow of fluid through the mcro-punp 2, which is

undesirabl e for nost bioanal ysis applications, can be
w@e@smesitiexl. The second val ve portion 46 i s noveahb&2004/000314

away fromthe annular recess 20 into the outlet recess

34 of the bottomlayer 6 in response to a second

actuation of the actuatable pggstion 42 to Docket No.:

P 0059910 al l ow t he outlet channel to be in fluid

O Sl 35054 b, A b, LB cutor 25

Unl!hhﬁfg}‘l thaYsetief ﬁéleﬁﬂﬁeTﬁé |rﬂ§ﬁﬁé@b§e ﬂ&iﬂ)lé Ibﬁ#eg nEybda unitary
| east substantially flat. [0018] The tog and bottom

holayerrfgr paspeofasaemblymalhis layerBayRe aideastisvgsianyialy fatd
gg%ﬁﬁ%gt i Titod &n suc b8ﬁ s OPQFS @'@U%Qade\’%bﬁcated using any

ons, silico | ast
5 t hegidomterddl itloest)ns bEm;nmedableoﬂor bimanalpslaaplpheanonsl sulzh as silicon

Bg«% slﬁgt[q%;)(tg(g.y{n g%rggplégﬁ%ﬁgoﬁﬁwgna %%ngsggs include, but are
Pohathmbiden! poRBAboabR! powﬁleﬂﬂb&!méyﬂ)cﬂm@tyhﬁﬁthylw epolyamlde

made of such thernopl astics, the to

h |
aneolytisylpaigeaphialal ngnd apelybepyip ng@\ef ggf!\/@gﬁf‘eg%égpn@f such
| njHefhdH9sER! fHelewpl Igﬂ{t)s rﬁﬁé?%? WNghd thePfother h%Héﬁw?%ﬁer 6 may be

operations. t shou at the structu
10 t hiabtlcqted aging injeghion NMddinot h@inennbyesm@ oao#)eri syitehlesoperations.

pa ti c r (VAN [

ol e SRR LE R B EL B3R A 4350 T popar ever
pﬁew Iblﬂrtfhtso ptaigl@ula@ perhBydimeft, ataigel:yeldeotld:al nalhdiyrfaay ghemfore be
then be forned.in t etlve ayers 4,.6 after t

| BIdpaAisTs B rdindle rHge. TR faaties) et e PP URiar DA the
16pafghn idyer @Lttdnetheﬁ *b%rfﬁﬁjneéﬁh Ry r&%eﬁﬁli@lﬁ?eﬂeﬂ r@aﬂer the layers
saw. Theinlet 24, outlet 32 and the throuah hol e

15 n4t hare owided. aper egamplg, e ingiahaapel 1@an ghe@uﬁet hannel 18
Thﬂl\éﬁrbte' fBHﬁ‘edd bgm %ﬁ:é\ﬁs GheliflckBW Bﬁfﬁcﬁbz‘%the[tﬂg&@h -hole 36 in
e

nterne exibl'e l'ayer 8 na
si theclowemayer e ohgybe |Iasemnir|éed alslngsalcbn\a&ntlonal NdiYA(E daser in Q-
from ‘?ﬂo yca bonat e, polyacrylic, polyoxymethylen,
| ybut yl ent er epht hal at and
pO[OGianyh'ﬁ@ei‘i'\f&medﬂté eﬂeﬁ@ﬁlevﬁybr 8 heay rfeermad adfesilicon or a

| ayer al so be a nenbrane | ayer, such
20 pop9lum¢ﬁ9hwgqnﬁbx§w@ @SDREY, S % fr98) m?yg@ﬂcmgte polyacrylic,
lybﬁlfﬁéftﬁ@ h}@ﬁil(ﬂ@ ﬁay%ﬂnerﬁé\‘épmhﬁlﬂ‘t%d '[bebﬁenylenether

not commercrally avail able,
Alternatlvely, the mtermedlate layer may also be a membrane layer such as a

polydimethylsiloxane (PDMS), mylar, polyurethane, polyvinylidene fluoride
(PVDF), and flourosilicone membrane layer. If not commercially available, 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 {rom
a mold, an anti-sticking layer, such as a tridecafluoro-1,1,2,2-tretranydroocty
30 trichlorosilane layer available from Sigma-Aldrich Corporation, St. Louis,
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menbrane (or the internmediate |ayer, in general) can
be nmade by any nethod known to those skilled in the

w@edos/031165 manuf acture is exenplified by the foPCDSGI94/000314
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30

process of fabricating a PDVS nenbrane | ayer. A PDVS
menbrane | ayer nmay be fabricated by casting. n order
to facilitate the separation ¢f cast PDVM5 froma nol d,
an anti-sticking layer, such as a

| YESET) AR b Sodieb i ARPRE BLY s BF i Hold by a
L articBumbeeipetative. meffod(Qir9 1d chbtirrp dhie, pl‘dcé‘sst ref@red to herein

applied onto the surface of a nold cavity of the nold
byasas"\?‘ﬁtzﬂﬁ‘?ﬁ‘ evaporat| on nethod prior to casting. The

pr[teﬁfélrs)art rf %MS%&I@E&{ rhtféﬁ 8¢ '@ﬂg%ﬁ BQF‘Sllltchp@]astomer

solution, such Syl gardl1l84 Silicon
El mlaweﬁroavapw&mm dhiciiBody I\m@hrgamgu S Qambe used for casting

58 Bararte Rasr: AR 4 G Ihd ShsfioT L it M TE Yo The

ifon are’ m xed

10nikturatis Poufée siowiy Unte ihe sﬂ@urzed siblaiivhgy cawtyJ Tiee mold is then
sil ani zed ol di ng cavj t dist

i rRiReR insidecguvR id@§¥'s@t0f 3 3 QB%& 06%2"6 f}P %@%ﬂ foubbles
al ffaHehbhafe WUrRARRAPDMS RaxuRS W ecdpdViOmdecingre |§F1 fo visible air

escape. Once there is no visible air bubble in

Pm@hlﬁ i thee PDMS rroistuie Tafsnanptk Hefion; shest 42 @lpced epgop of the
Strbl AR AAPEEL 8048 T0| oo AP PARYRRS soncwich whie

exaehy BDbtigeze patcpssrPDMS priepblyenarcduti ofgtheamiotding Thivily. This
process ensures,t t he PDNVG rrerrbr ne has .a .
P iR SNt el he  AtedHtafts” METRNS A o Riokhess that is

NoAsHre Mm@ty the dép® oAk andldingUdavity. The whow eet upis tieen cured
an oven at about 7OC for about an hour. After curj

t H@S'ﬂj@fﬂ”cﬁveﬁl afrabout 70 Gy Aot 8mhoHE AfEIr FUbRg, fbﬁeTer%l%n plate is
Sgﬁ@[}ﬁi@ah&ﬂ% c édﬁﬁﬁh%@?ﬁbr&ﬁ@lé@@# @ Pébled off the

caV| ty princi p e of operation of
mmo@rquyltg is next described with the aid of F| gures

oc2, 2 o S a0 g B B iivea wir
vaﬂheealcw of FIQOI‘BSAEA BaBlahdh ItSCS l&'t’igmé Béaa*shtw:p:het mamo-p6mpf2 when it is
e | ayer are sli

o BYEERC S Sebb LBl 16 Ve P 24 BETRE socons

I egdes bbitien RBsTha iftedRedidié bl %ybeeta@éhguw biésed to rest, in
their closed positions, on their respective pedestals 30, 22 of the botiom layer 6
and the top layer 8. In these closed positions of the valve portions 44, 46, the
pumping chamber 12 is substantially hermetically sealed to 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 bottom housing layer 6 over the inlet
24, the outlet 26 and an opening of the through-hole 36 respectively. The inlet
tube is connected to a reservoir filled 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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and the top layer 8. n these closed positions of the

val ve portions 44, 46, the punping chanber 12 is
wGaawsoanss al |y hernetically seal ed to be consiPer/atiog4/000314

airtight. [0022] During use, an inlet tube, an outlet

tube and an actuation fluid tube are connected, such

as by gluing, to the bottom heysing |layer 6 over the

inlet 24, the outlet 26 and an openi ng of the

coRGRBRial banasY BESRGE I Pirel Rt mTppdhegbRR 12 thiough the

di | t t i
e et b | e aneaen, of HrbiRg e yAg R rom the

P pwsgmgzcrmrmtwrcau&%/tfmacpiganqmp@rtmﬁwaroéme mrmﬁd@tﬁélexible

Ing tS'}QEﬁg flcafe hﬁ&@%@ﬁﬁ& r@s%te g{l% un%lh'é qeée%?@s 16 éthe top

natlng CCRon of “punpt ng ran awi ng romt
5 pulayeng aﬂb&hi@hmﬁmlwes& he actuati on portl on 42 of the

t nloteBE e B Bkstiiugiing o Sk achislion AT 4 Anpeirnapig of the
?ua dn?dé‘? M2Go drR 37 aBtu@tuBh rﬁTlé}?hEaﬁﬂoQHe %n{p'i}ﬁg recess

ion portion 42, air drawn out of the punping
c héﬁ‘@é ihe botinmaousieg &Yf‘vuﬁtﬁs(ﬁhow in ogueeR5B nilpisimevement of the

Lot TR o NGRS, WO W WY Pl E cfiRger 12 o

10 4293m¢rategals mtjerpmﬂsureetlmfremh eAtpws;thgccmasmme thent forces fluid in

erate an .underpres eeln eric

¢ B BeEnBt R B et itk Sl LRIBIA fessigihto cavse a
t hﬁwldﬂpeéf phésduné tn tHeescstenathnanri Ubdsss 28 eSﬁhe&ﬁeésmre differertial
cause a buildup of pressure in the second annul

: eEe@\seeﬁstheﬂeéom QBBYiAE reRees G2t AN ANCRTRIER chAGber 12 cau'ses
Horli65 82T RS oPfidyb By-RUTBHNRe SBESERYedbRial 30 to its

causes t e I nput valve portion 44°to |ift or nove away
15f r open pesitiet tmallqmwetﬂmesﬂtm indhetapnutas repess B0 tlowthrough the i nlet
NI [ 0 ) .
2L A0 o T G Al e 2.
anﬁ)uangrlhlsaﬁﬂsy abmaﬂom loé thelrantmjlorh@u’amn 42, afnosphgric pressure

5 RersoRe the. Silet Yalyp ot 46 aBinst i sk Pt #21a prgent Fluid
4 ﬁgthbriﬁﬁnﬁlﬁ@cfﬁarhﬁér 1@e|¢cﬁﬁte@ba;aa fo prevent fluid in

t he npi ng chanber from escap |n%W [ 0024] n a second
20 . [9424] on oA erena eelyation Of Y ardatian pogiien A3, Fuifpremped into

| N pumping chamber 12 to push the actuation portion 42 towards the pumping

recess 10 of the top housing layer 4 as shown in Figure 5C. This movement of -

the actuation portion 42 reduces the volume of the pumping chamber 12 to
exert pressure on the fluid therein. The buildup of pressure or overpressure in
25 the pumping chamber 12, and thus the first annular recess 20, lifts or pushes
the outlet value portion 46 to its open position to allow the fluid in the pumping
chamber 12 to 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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t he punping chanber 12 to push the actuation portion
42 towards the punping recess of the top housing | ayer

wa2@s/o3tiewn in Figure 5C. This novenent of thePCT/SG2004/000314

actuation portion 42 reduces the volune of the punping

chanber to exert pressure on the fluid therein. The

bui | dup of pressure or overpreggsure in the punping

chanmber 12, and thus the first annular recess 20,

li I ' [ :
oSl 3B BNttt ik iRt BRAREN 12 o réibbing through

cmmemﬂetmﬂeeet@ﬂma@eemobe expel l ed fromthe punping

1 . D d tuat i fot .
CORUBET oK pRtPRS 461 e iadulie St o metin PG evalvaing the
pugmrdaﬁxaﬁeé\@sbﬁfe ﬂrgtog)pﬁsﬁnﬁﬁoldﬂl%ﬂ E'aﬁH évaluwaﬁoﬁ@éémgrbtﬁémed are
agai nst the second Ol D59913 pedest al

5 t onqwt aeseribed. uiThe itep hrusipanpyeigd @ménﬂa@rbortﬁomnhpwug H&Yﬁj 6 are
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PH%neahf? ﬁ\nh&%e{}%ﬁa’té Lihi elsrgstﬁéé’roplrastlé,oggﬁé & computer
rooypeo e’m Cro- , se or evaludting
t heurmpenidab rcoatrole (GNCY haaqmrm elithpa OT’chm- gianeter auiter. A PDMS

eval u tlonresu s optain are next descri bed. The

C BRI PE Sblaeth g e i eestiBEd prpsts, Paisgdsas the
f alptdrmatinge fnésaimepraw.c 8! b‘PﬁétrﬁemMHrfehlayér ma"yl ﬁ@ye a thickness of
|aStI C, Uusi n(goa corrput er nunerical contro

nawﬁenﬁ 1 8and 06 mmmT e ik legle 38:ansl outigt bQﬁ%“QréFﬁaﬁ'ﬁﬁ gnolded
, e SO e i P 18 605G gEP ol o botom
nmeindusing: ldyay ¢ withythb ailexible tiayerk Bebsrebetieanvaes feld imméace by

0. T et hol
roresuinatan 1081 sl FydpufoieniteltSinty (efls” B 1.6 mm
hogiaimeger|seysis. AWhehasbeinbivd intoisuatoa tlayénawrtstrut:imee the micro-
flexible |la er the_rebe ween g g helg %égl ace by
seE‘UF‘P ES dﬁmﬁaﬁ'gpﬁﬁ 1958 by 42 Y 8% Mhousi ng
a@ﬁsﬁ UAh”Gxﬂer@né‘ﬂﬁld'séﬂﬁb eforsfersﬁM‘? thléw"ﬁfbté‘ﬁﬁénmlcﬁ‘g pump is
into such a three-layer structure e mcropunp 2
ouﬂ'@ﬁﬂf&iQM@MQ Gof Tﬁmﬁtﬂaemmﬁhwtmaerﬁntev[ dtmaqterAﬁf 1 5 mm
eXREfd m%@{edststtfné@{értg@ggqﬁH@Pukpez g)r Qs%[gé ﬁeeﬁ %Id inlet tube 50,

mcro-punp s 1l ree
eaa Hiuid bbtletntubat5® and ameaieisupply. Elbﬂrﬁ%er’l'é\ecfhndemﬂleﬁ tube 52 is

o | "SeRG8 SRR SR PR EoLP S B SR bR S e
54mleThabé|50 WasWdrikctedb® & %se&/ow 56 containing de-ionized filtered
water. The air-supply tube 54 was connected to an output of a two-state three-
way miniaturized solenoid valve 58, such as valve model 161T032 available
from Nresearch Inc., New Jersey, U.S.A. The inputs of the solenoid valve 58
were connected to two' pressure regulators 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
adjusted so as to regulate the pressure of flowing air in the air-supply tube 52 to
maintain respective predetermined pressures in the pumping chamber 12. The

solenoid valve 58 was connected to a function generator 62 via a driver board
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straight and has a |l ength of about 2.5 and an inner

di anmeter of 0.51mm The inlet tube 50 was connected to
W@200808119Di r 56 cont ai ni ng de-ionized filteredP@ES€&2004/000314

The air-supply tube 54 was connected to an output of a

two-state threeway mniaturized sol enoid val ve 58,

such as val ve nodel 161T032 aygailable from Nresearch

Inc., New Jersey, U S. A The inputs of the sol enoi d

val ve _58 re connec to sure ul at or
! 2 LBt Steratcs 62 Corie ARG TETHAREY (ifoin8 Solenoic
Shpang SQEHd%déatﬁHlﬂﬁb@%{lrﬁﬁz(nOt shown) respectively
for actuating the mcro-punp 2. The Pressure
&

r el§0RZl or $he(iriMing: freauenaye wasoselsinitiglly efuPad% HH@nd thereatfter

0 t | .
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5 puthipi nng:r@-lpanipez |§4’éxefﬂlwdsai aotuhtbdvfmlr\ee ps&datagnined period. The

ted t t 1 ' drj . .
oBPatEaveisedpy A TRulsORueEA Thane Wil gutlef e e iiking the period
62isGRB8AdPLS. fﬂ?léﬁbtﬁ/i's%(f kWEQYhé)bumngéaﬂ &Niehicro-purmp 2.
val ve 58 and thus the micro é;eyl The drivin

f r Eloja dmeyp Wa@d isegivempy ithe h9lg§t ngtf@d'quzd M EesgHEesy from the
ed et el . -

eaclﬂ% ri VI ng Eehqeu'g%g@'%q %e?r%h@lg”%ﬁ%e@ algs rgx@r%g%re ). With

10 orﬂmckmmvremrfeordlamgneeabéttbe riiuic dutbedr iube. 52 hidrel lengthh of the liquid

t d d. I t f 1 ui .
oS A e Pl A W6yt & Bk e oausoncy
kn@wus cakulafed punp head of the mcro-purrip 2. This
ﬁé%@ﬁié‘dﬁg&#b@?@d pelbi Jow TapRUreiaTe wheEs 5 pLmgratte or
(T fo\g a6 ddgi 'fl?rﬂ?tl cﬁ‘?he anh& f@qﬁéﬁ@y @)as dé'(ddﬂatbﬁ%n‘ﬁn;ﬂﬁﬁbd As

i nner él anet er o ['urd”outlet tube 52, the length
15 of caméelse@mfebm cﬁngnfﬁ 7aﬁhe fiow rate desehsiantiailygnaas ap tore driving

flpw rate at Vi S : .
SO T N MR R A onacc
t h@hpH e GAviAg Glfeqﬁbﬁw isdiedween @ Hz antilaJHzoflt Bheuld be noted that
driving frequency was cal cul at ed ang] gs {]%gt ?
bealfghr therinpagylipment wap cafres,Pylavitn ASIGHER: dhnGrpguency of
| i Bg&t 7“F’|zt ﬁigﬁeldﬂl‘l\)fhd‘ﬁe uéﬂﬂéﬂ‘&r}é anicRDIKG \Aﬂthané?meﬂiate flexible

maxi mum f [ ow'rat e of g /mn was obtai ned when the
20 drlaveragoffqtb@funateylalsslvm@m a@ementlcme%ahp\@ Hz. t shoul d

be[ﬂlﬂgfd tTIF@tﬂow rate versus pressure characteristic at a driving frequency of

4 Hz is shown in Figure 8. This characteristic is obtained by connecting a long
tube, having an outer diameter of 1.5 mm and an inner diameter of 0.8 mm,
horizontally to the outlet 26 of the micro-pump at various pump head positions,

25 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 conducied after

the micro-pump 2 was actuated to produce a liquid column of about 2 m pump

30 head. When the water reached that pump head, the actuation of the mmicro-
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al t hough the neasurenent was carried out with a

hi ghest driving frequency of about 7 Hz, higher
wa@leaogiosigesd r equenci es are achi evabl e with i nt er MEH8@2084/000314

flexible layers of other materials which are nentioned

above. [0029] The flow rate versus pressure

characteristic at a driving fggquency of 4 Hz is shown

in Figure 8. This characteristic is obtained by

connecting a_l on ube vi ng_an ou er . of

B % s hrophitL o Smale e S Bugh B in PR sreliep to as a
t ordidextioH trh6de. 2E MstdrifiglilyThe sadkUidw akay dbkewed MefBwelve hours
head positions, specifically at punp head positions of

0, afiersactuation g dhe Micro-prRW 2 W StapRed- sA deliabilly F?@élf%;ihe micro-
TEBP\ 75 B PR, PSRRIy SRS, copiuons

5 F| 468 &éobrs ahwedlt)ow eatrécrampiesy Q wWas obeerbred\tersjall be work;ng well

21 SerbH aatoed SR ot R L ) AR haBE FffBrmore,

pr gftup&rfdnidngd it thel Higro- ﬁumpb@uém&urmmeh@aﬂe affee thé heliability
vvater reached that punp head, the actuation of the

898h- Docket No.: (0059915 punp 2 vvas stopped to | eave

o TR i SIS By of o an s
100bdebﬂ&éebrﬁ@nmgvmluu@nhabege&tfaoartymwajatpr@arm by Igigesting rat liver
" GARUIPS Yt BABBAY, s Bkt Kok SRBANRE cigeston
aCPéa’yeﬂﬂ HBY batferordt ilivetaselis 4A8 dedriss The siwe ek the délls was 7-12 um

m cro-punp 2 was observed to still be working well

af iredianteiepeng gie delis tangesi em- FOnpmdiod 138tumain size. It was

AU Qgh bl ot Bt s A IbAEIOEYr She WIERAIHEDIRARE thd test.

ro-punrp remal ne sane aft'e
15r eloaddi | | Fgurea shb@@?éﬁ eXamplery rapgicajior? ohdise ahiso-pump 2 in

ted for the ery.of cell and tiss

e BlontediGh retkarity, e tihrtttn, 2 B pOrrBRiY 9,2 Jauid dispensing
pr epstedsuey 4 4 pRetie B Wbt isi MBVeAbIS WA X-1 dReétidBedidr @biochip
reagent. Hence, the test solution_contai ned digestion

r eSgader BRI &F 2 Pipett rakat &7eThe bigshin & | '§sa ghage or silicon
Si %@bé’cf éhﬁnt e'c'a%utl\é@s 395 mpé'?s' npgli ﬁffTE\Fvﬁfcha'?ﬁlcFe'i@ Q&Qr Is8ch as

ranges rom 1 I N Sl ze. was observed
20t h@ligmm@te@udm (mm sthomrﬁa:ge busf |mm§>bﬂizedon pmmr ® carry agt Nnucleic

‘derilh 8%&2%%#%%%& R’xbcsrﬁ,g)‘{‘%nﬁﬁ c%)ﬁeﬂgjuﬁdyto transport all liquids

and reagents necessary in the assay to the cavities 68.
[0032] Advantageously, the three-layer micro-pump 2 according to the
embodiment described above is low in cost. The top and bottom housing layers
25 4, 6 may be of polycarbonate and the intermediate flexible layer 8 may be of a
PDMS membrane. Such materials are a lot less expensive compared to 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
30 processing a silicon wafer. A PDMS intermediate flexible layer has a very low
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bi onedi cal research. The m cro-punp 2 is connected to
a liquid dispensing systemsuch as a pipette 65 that
w0 20060886Hl e in an x-y direction over a bi ochi pPCBES8G2004/000314
under the control of a pipette robot 67. The biochip
66 is a glass or silicon substrate with cavities or
spots 68 in which nucleic aciggsuch as
ollgonucleotldes (not shown) can be inmobilized in

er to carr nucl ei ¢. acid hybridization .
THLSIRES i, 2 i SoSeich pEorBtin i GRECHTRIENG, frk provides
an@’od&@@ﬂﬁb%f RRC®P MU DotBMt iushiP RYelsO This, 108'\Briobfsm of sealing
[ 0032] "Advant ageousl y, the three-layer m cro-punp

2 wb@brmaYg ptagyet e eﬁ@ro@rtw@woa@s@w pesingbdvalican| lyer as a
dlﬁgﬁltaga;r% oJe%bn{i‘Qg/ltﬁ%é 053 BRI p@M§‘¥?feén§‘(t|>répg nggzr P@reover,

nate an ermedl ate
5 mat;heb FHDMS an@rDN&merdlnoar&HomSudhenmmmlmpat@ davet a higher
| ess eﬁgens aredtos Licon us
[

1 CHDOHARRE. o) 4% Bonpareigviniars sty Bavifalh siliod igphragm.

t | F@ghdrRicte [ha PDMS iméthe\ahe Ggay balbeattuaed i ppdanizdic means
these naterials are al so | ess conmpl ex, and thus

chiGaperurged geamst e walka Pk iha HuRRG Chagler-edn Blis manner, the

pr c t
PSSR LB, A Sopu Ve Y b cramser i
10 Youllhtgr wonds] dheidead volugie of lthe gampis gmalhertom experimental results

pobBReR R ey PPl Ru By S BRaf e BRI robus:

vvhandn igTableptogeep lied pven wra the purap wmanﬂaeue*.s nglla)f alr i.e. the

ot PGB ABPA RSB BANGVUE 509 1oWTL e Spetation of the

WEHM e RhieR-FirhpUs nBPSﬁéetéa ByPYEP bh@bleg\tﬁapfpefa amﬁe pumping

reSSI on ratio as co ared to m Cr o- punps havi ng
15 S| ch@nherdblatpﬁr@t@ento Expe!ibe @gscbuhiies, PMWFW%}S bubble-

beto‘?é/rg aﬁ{élﬁé\ﬁ?a gﬂ{éh‘%w&?& h‘pmﬁ‘% ot’rﬁupg an ﬂﬁlﬂg sensitive to the

agal ns anber .
rmpmeaplngt medit viskesityp outhat mbsslhe podhinles pmsuret h&he prototype

Vot i HEfR REbI GRERR e GniBk e RBRE ayor Suffie pump

0 bh@a@ pshched nidte tharPL ed.y Weittirtiey valpel sPuctuted subfsadntlally co-planar
that the mcro-punp is robust and js able to

20| i withdhe pemPirEEhamkerplivgMIcHRIREEP B<alse tinger & o [compaged to the
ol R O P on of the | | S
[0033] Although the invention is described as implemented in the above-
described embodiment, it is not to be construed to be limited as such. For
example, it is not necessary that annular recesses surrounding a pedestal be
25 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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prototype mcro-punp is not affected by gas bubbl es
trapped in the punping chanber but is able to expel

W b@sgadepHubbl es, i.e. the mcro-punp is PCT/SG2004/000314
bubbl etol erant. The flow rate of the mcro-punp is
also found not to b e sensitive to the punping nedi a
viscosity, outlet pressure anfl7i nl et pressure. The
prototype mcro-punp is able to punp gas fromthe
inlet to the outlet even when the punp head reache
novfdhe putetzhanngl imtherfepJayards §tspl%rﬁsﬂsé§p%%f@tt§ﬁtw§ﬁi pecess of
c I th t he punping chanber, the mcro-punp is
alotggléﬂ nn@r as conpared to the prior art mcro-punps.
[0103341] AI A angther ManwenMwmrommmlerﬁobattwmg the actuatable

B LB Bt YIS Ty SRR agp o Wor nstoac
5 eX@ﬂmé@otthm la\&ragfdeamwet hat annul ar recesses
surroundi ng a pedestal be provided for the invention

t ol0A3kk, As yebapether examples AlPUOR A BIRUPRES BiRaESti® dhescribed

ch&v% bu)éuﬁqﬂ{&hm&bjwrﬁ&%tﬁ% éét%lfb?%khgwﬁ%“tﬁose skilled in
1on j ace est al i gure shows a
c rtblesars gy alsmbe wised: cﬁoraaxampiesrm aimarghdtbbeanaverofOanay be

m G.r o- pu wi t hout such ,annul a
m eGe o o Pl RPRE R SRR Rebfit 74 oy potuating
10 ODHh@SadtlﬁatélblG poﬁidht 47 ot frRsintdrniddiaté dpxnlbmylayer 8 pofitst emd of the
Docket No.: P 0059917 of the outl et B el the t 8
! agastilgver Zpds figed i WAllRfpHe i RUERIRG © SPEE 17 et 5pCBnd free

thend ‘b‘f‘ﬁﬁe lC%M?@VGI{ 983¢]atdeneacbhee @daﬂﬁb% pbARN 42. When a
t hrough or actuating the actuatab E‘&{?tl on of

t heoltagedis rapplied do fthe aaptileveayer thﬁairegeerfdop icantilgeer moves

abgvé@fr‘[?%bg% b@glyg C%ﬁ?ﬁgﬁﬁfg}% lg%%ﬁrth@%cﬂ?aﬁﬁﬁl'eb&ﬂtlon 42 in a

15 pndivemiohonesa s recmcdethe niohade aih divee pliopirer Coambag 12hevVhen the

T A B o TR I GRS o e
C aaétuh@w pofticiy2 Rethdi eRAsedsatidWaluineef pherpumging chamber. In
chanber as shown in Figure for actuatin

acthisateanner.pd rieriprocating s mpyement et ﬁ%%.agﬂ@t%ﬁ%xﬁwen within the -
| a Glhpﬁ‘gf h‘lb%ﬂs fdﬁ‘?e\féﬁ the cantilever 70 is fixed to
a

e punpl ng chanber while a second free end
of the cantllever 70 is attached to the actuatable
portion 42. \Wen a
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voltage is applied to the cantilever 70, the free end
of the cantilever noves away fromthe punpi ng chanber
wowrios/osaepush the actuatabl e portion 42 in a dPCESG2004000314
so as to reduce the volune of the punping chanber 12.
When the voltage is renoved fromthe cantilever 70,
the free end col |l apses, draggi ng the actuatable
portion 42 with it to increasg,the volunme of the
ﬁggp' chanmber. n this manner; a reciprocating
of the actuatable portion wthin the punping
chambenyg giaaphi eved. Docket No.: P 0059918 CLAIMS W
claim . A mcro-punp conprising: a first |ayer
having: an inlet recess; an inlet channel in fluid
copnuni | 1.4 dnlet recess; and an outl et
channel'f%;érg%ggﬁdg?ré@gsfﬁ*avi ng: an outlet; and an
5 inlet; whereaifinsitiagerfhiavitig: | ayer and the second | ayer
are di sposed such tqat the inlet is opposite the inlet
recess and at | e33{NEBERSSi on of the outlet channel is
opposi te the outhgtindcHAMRERIIA Mlid! B8SmAGRh With the inlet
first layer and the second layer includes a punping
chamber in feG§sg; arfhmuni cation with the inlet channe
and the outl et Cgﬁ%ﬂﬁ&hﬁﬁﬂgda third internedi ate
flexi ble layer having: an inlet slit and an outl et
10 slit positi asedondiéayer haviagn act uat abl e portion
abutting the punping,chanber; a first valve portion
adj acent the inrg?ogpg§agaherein the first

an inlet;

wherein the first layer and the second layer are disposed

such that the inlet is opposite the inlet recess and at least a

15 portion of the outlet channel is opposite the outlet and wherein at

. least one of the first layer and the second layer includes a

pumping chamber in fluid communication with the inlet channel..

and the outlet channel; and
a third intermediate flexible layer having:
20 an inlet slit and an outlet slit positioned therein;
an actuatable portion abutting the pumping chamber;

a first valve portion adjacent the inlet slit, wherein the first

valve portion is disposed over the inlet to block fluid passage

between the inlet and the inlet recess and wherein the first valve

25 portion is moveable away from the inlet in response to a first

actuation of the actuatable portion to allow the inlet to be in fluid

communication with the inlet recess through the inlet slit; and

a second valve portion adjacent the outlet slit, wherein the

second valve portion is disposed between the outlet channel and

30 the outlet so as to block fluid passage between the outlet channel
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val ve portion is disposed over the inlet to bl ock

fluid passage between the inlet and the inlet recess
wa@easosiasei n the first val ve portion i s noveabP&I/sGzip4/000314

fromthe inlet in response to a first actuation of the

actuatable portion to allowthe inlet to be in fluid

comuni cation with the inlet recess through the inlet

slit; and a second val ve port gn adj acent the outl et

slit, wherein t cond, v rtion is S

bet ween t he EHIS’t @to ALARL ?"5 ﬁ% S&B?P%t"av g%'%PB is moveable

bl ock fluid RagsAaR thebyReRhhRSelqHrbgiorsRaone be&®rik aktuation of
No.: P 0059919 "and the outl et and wherein the second

val ve porti dheiastypiatlamostionis allpwniheneulinl plaannaldenbe in fluid
' i ' bl
borton to. A SuiRRRa M EHel Rt irlgh i BEHERIRC! ©

5comuni cation with the outlet through the outlet slit.
2. A mc¢ro:pu accor dj cl ai,m wherelnthe
puRDi ngg‘crﬂ‘é"ﬁ%nﬁmpsa%efd ?@EP &}al(nv\d 580 Fe PRI ghamber is
r e%l@ﬁﬁé?ﬁ b*l1 Bwb h@sﬁéc[ﬁé puipfig %&séb@ i$ P Nebt [By&T an@niBe second
wherein the actuatable portion of the internedi ate

f | dayepl @nd wherein éh%uaf: wertigre At the idewpedigte flexible layer is
ding to daim1l or 2
m%rﬁéﬁﬁéq R%Wérépg%&%‘?mpﬁgqsecong IaSer conprises a
10recess surroundi ng a pedestal, the pedestal being in
ab tment wth the inlet sli ft n
i bl rplg%puma acgormncgrtg (;laﬁ]a @9% \gf\%%ﬁ?g&ea rﬁ?et ?f the second
G Fhy®® dorhpribes, aWhRess NsuritRinding et pfdmeml thé pé@estal being in

first layer conprises a recess su ing a pedestal,
t h@byteRrY wath tB@FM@S"BOféBEﬂ%HFe&P (')%(?ret slit of

the internediate flexible |ayer. 5. Arricro punp
accordingto any of Clains 1 to 4, wherein the inlet
15s] i4 anéd minro-puipeacedrdingaioeaneficelaine t ke odigwhregiasthe outlet

In c‘wgﬁnél n&fefﬂéeﬂl's?tlgy% S&hng %e% %ygécevﬁ s@fr&hﬁﬁlﬂng"Bedestal, the

according to an erei

I ntpedestel isdivg fri abutdnbat Wwitty e audigb slisefstha ifiermediate flexible layer.
material. 7. A mcro-punp according to claim®6,

wherein the polynmeric material is selected fromthe

9r ®Up CANGicEs-bi@p Gechraingardig s iGlainiot ¥aal Whegein the inlet slit and
20 the outlet slit are respective through-holes in the intermediate flexible layer.

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

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

polyoxymethylen, polyamide, polybutylenterephthalat and polyphenylenether.

8. A micro-pump according to claim 6, wherein the intermediate flexible
30 layeris a membrane.
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pol yoxynet hyl en, pol yam de, pol ybutyl enterepht hal at
and pol yphenyl enether. . A mcro-punp according to

w@b@sns8es wherein the internedi ate flexi bl e | aper/SGH0&000314

5

10

15

20

menbrane. Docket No.: P 0059920 9. A micro-punp
according to Caima8, wherein the nenbrane conprises a
materi al selected fromthe group consisting of

pol ydi net hyl si | oxane, nyl ar, &@I yur et hane fl uori de,
and flourosilicone. 10. A m cro-punp according to any
of Cainms 1 to 9, wherein the internediate flexible

lager i3 rﬁi,c%lbhﬁ?gadi:gmv%to CHIABC WA & GREMBI AL ESmprises a

any of Clainms 1 erein the intermediate
f | atenal selgetedi fsomt theegroupsoonsisiingi af Ipplyidiatethyligiioxane, mylar,

m = [ \ Clains 1 to 11, wherein

a ?h&gﬁ%ﬁﬁ%ﬁ&?g}%dgg?hgﬁgﬁco fa of the first | ayer and

the second layer to be in fluid comunication with the

punqpi ng,chanber. 13. A micro-pu ccording . to any of

c gBrrs A {'&JCKO"W{BPePﬁC‘%’WQQf fe s"l‘“rq)afseﬁ%m_ t he'@eBontherein the
| ayRermnddRatBRletRib ladér isA dHitehPrRpeyP according to any of
Claims 1 to, further conpri'sihg an actuator disposed

in the punping chanber for actuating the actuatable

porti onaof the i nte i.at e, fl exihke r. : .
m gﬁ'o- pﬁnpmlg%g%qrﬂénggq%g&® a’fomai‘ﬁ, %\%\hce:!rafe}?{% t1hét8a3@Ua‘f'I8‘?rem the
i s irdetpeatiatpHleRible laget islatleast substdrdialliidat. P 00599

12. A micro-pump according to any of Claims 1 to 11, wherein a through-
hole is defined in one of the first layer and the second layer to be in fluid
communication with the pumping chamber.

13. A micro-pump according to any of Claims 1 to 12, wherein the first layer
and the second layer are molded.

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

of the intermediate flexible layer.

15. A micro-pump according to Claim 14, wherein the actuator is a bimorph
PZT cantilever.
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