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devel oped to provide fully integrated microfluidic
systens (e.g. LOC devices), asiwell as mcrofluidic
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fabrication processes Backqground of the Invention
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seal s. Thus, polydi nethyl sil oxane (PDV5) has now
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Valves and pumps. Although LOC devices originally evolved from silicon-based MEMS

technology, more recently there has been general shift towards soft lithography, which
25  employs elastomeric materials. Elastomers are far more suitable than silicon for forming
effective valve seals. Thus, polydimethylsiloxane (PDMS) has now become the material of
choice for fabricating microfluidics devices in LOC chips. A PDMS microfluidics platform
is typically fabricated using soft lithography and then mounted on a glass substrate.
One of the most common types of valve employed in LOC devices is the ‘Quake’
30 wvalve, as described in US Patent No. 7,258,774, the contents of which is incorporated
herein by reference. The ‘Quake’ valve uses fluidic pressure (e.g. pneumatic pressure or
hydraulic pressure) in a control channel to collapse a PDMS wall of an adjacent fluid flow
channel, in the manner of a conventional pneumatic pinch valve. Referring briefly to

Figures 1A-C, the Quake valve comprises a fluid flow channel 1 and control channel 2,



30val ve, as described in US Patent No. 7,258,774, the

contents of which is incorporated herein by reference.
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pneumati c pressure or hydraulic pressure) in a contro

channel to collapse a PDMS wall of an adjacent fluid

fl ow channel, in the manner of2a conventi onal
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Hence, current technology is still unable to provide

fully integrated, disposable LOC or ,uTAS devices. It
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30l nventi on  apumping chamber positioned between an inlet and an outlet;
a plurality of moveable fingers positioned in a wall of said pumping

chamber, said fingers being arranged in a row along said wall; and



In a first aspect the present invention provides a
peristaltic mcrofluidic punp conprising: 30a punping
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a plurality of noveable fingers positioned in a wal
of said punping chanber, said fingers being arranged
in arowalong said wall; and 33 a plurality of

thermal bend pAGLIHALOHEMaPREN 2 @6t te@ih AoRhDHheARSOGIcAte@ith a
with a respectjve finger such that actuation of said
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wherein said punp is configured to provide a . .
pemihgter seidpupRifsionte et P BrPVids A8 ERIFUIPIDHY 3SR fHEPumping
Vi an/ePR RovQhent 8 Jidfindgers- Optionally, the punping
chanber is elongate, and said fingers are arranged in

a rOM/anng a longitudinal wall of said punping
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f i ndexgudnad wall panagaanipmechpased pairs of flngers, each
finger in an opposed pair pointing towards a centra

| ongi tudi nal axis of said punpi ng chanber.

150ptivoig] dagh fireacdxtdnilnigas vecolyprciosesidshimdbdrher mal  bend
actuator. Optionally, said punping chanber conprises a
roof spaced apart froma substrate, and sidewalls
exOprioiaflg, shdtinean ais airghged Gif oppsvdd paiifslod Gingethetdch@dgddyh an opposed
sai d substrate. ers ar
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actuator conprises: an active bean1conpr|sed of a
thernDeIastlc material; and passi ve beam
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that 25when a current is passed through the active

beam the active beam heats and expands relative to

t h&ppadly \paidpammng clagifiet Gamyprivgs ayedfdpased grrtdtoam a substrate, and
actdal Al -extending R kdeR @ﬁ!i fobr arfdih 196F @Jf’ﬁle(plf)y %ﬁﬁjﬂbgtﬂafég er is
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active beamis fused to said passive beam Cptlonally,
saif; AY urrent path extending
bef&gg%mgS%gﬁﬁg%%g%&ggﬁﬁggggﬁﬂggﬁd el ectrodes bei ng
connected to control circuitry for controlling each

aCtd}%ﬁI)l%ﬁly, each thermal bend actuator comprises:
an active beam comprised of a thermoelastic material; and
a passive beam mechanically cooperating with said active beam, such that
when a current is passed through the active beam, the active beam heats and

expands relative to the passive beam, resulting in bending of the actuator.
Optionally, an extent of each finger is defined by said passive beam.
Optionally, said active beam is fused to said passive beam.
Optionally, said active beam defines a bent current path extending between a pair of

electrodes, said electrodes being connected to control circuitry for controlling each

actuator.
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thernoel astic nmaterial is selected fromthe group
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nitride and vanadi um al um ni um al | oys. 5O0ptionally,

sai d passive beamis conprised of a material selected

fromthe group conprising: sildcon oxide, silicon

nitride and silicon oxynitride. Optionally, said

substrate conprises control circuitry for controlling
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Optionally, said wall is covered with a polyneric
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defined in said substrate. 20l n a further aspect there
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m crof l uidic punp conprising: a punping chanber
positioned between an inlet and an outl et;
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said fingers being arranged
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Optionally, said polymeric layer is comprised of polydimethylsiloxane (PDMS).
Optionally, said inlet is defined in said substrate.

20 In a further aspect there is provided a microfluidic system comprising the microfluidic
pump comprising:
a pumping chamber positioned between an inlet and an outlet;
a plurality of moveable fingers positioned in a wall of said pumping
chamber, said fingers being arranged in a row along said wall; and
25 a plurality of thermal bend actuators, each actuator being associated with a
respective finger such that actuation of said thermal bend actuator causes
movement of said respective finger into said pumping chamber,
wherein said pump is configured to provide a peristaltic pumping action in said pumping
chamber via movement of said fingers.
30
In another aspect there is provided a microfluidic system comprising the microfluidic
pump comprising:

a pumping chamber positioned between an inlet and an outlet;



wherein said punp is configured to provide a

peristaltic punping action in said punping chanber via
worpoers25s7 of said fingers. 30 In another aspecPCT/ABRM®S/000881

is provided a mcrofluidic systemconprising the

m crofl uidic punp conprising: a punping chanber

positi oned between an inlet angl an outlet; 5
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SIS ysten1 I'n second aspect the present
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conprising one or nore peristaltic mcrofluidic punps
and control circuitry for said one or nore punps, each
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each pPugBIdA@nt of said respective finger into said pumping chamber,
wherein said control circuitry controls actuation of said plurality of actuators, and said

20  control circuitry is configured to provide a peristaltic pumping action in each pumping

chamber via peristaltic movement of said fingers.

Optionally, the pumping chamber is elongate, and said fingers are arranged in a row along

a longitudinal wall of said pumping chamber.

25
Optionally, each finger extends transversely across said chamber.
Optionally, said fingers are arranged in opposed pairs of fingers, each finger in an opposed
pair pointing towards a central longitudinal axis of said pumping chamber.

30

Optionally, each finger comprises said thermal bend actuator.

Optionally, said pumping chamber comprises a roof spaced apart from a substrate, and

sidewalls extending between said roof and a floor defined by said substrate.



chanber via peristaltic novenent of said fingers.
Optionally, the punping chanber is elongate, and said
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wal | of said punping chanber. Optionally, each finger
extends transversely across said chanber. Optionally,
said fingers are arranged in ogpposed pairs of fingers,
each finger in an opposed pair pointing towards a
central Ion%itudinal axi s _of said punping chanber.
Cp(ﬁ@ﬁ%ﬁVﬁ?'é@éﬁsﬁﬁﬁ@%?m%%WﬁF¢§%§~said t hermal bend
actuator. Optionally, said punping chanber conprises a
roof spaced apart froma substrate, and sidewalls
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the active beam heats and expands relative to the
passi ve beam resulting in bending of the actuator.
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sai d passive beam Optionally, said active beamis
fused to said passive beam Optionally, said
actUpvena¢aniddedemesn & fhedto aldmaamte hpahh ext endi ng
between a pair of 15electrodes, said el ectrodes being
connected to said control circuitry. Optionally, said
t herpmerliashidGeifaibesh akfineSa 5&lt aGteachafty Xenling bGW O pair of
conprising: titaniumnitride, titanium alum nium

ni ClerEulesidd %ﬁ@&?&hﬁ“&lcﬁ?ﬁeﬁ?‘ﬂjmsﬂﬂlc%@ﬁ PPt i onal |y,
sai d passive beamis conprised of a material sel ected
fromthe group conprising: silicon oxide, silicon
ni Qppg@lléﬁaldélpqrm@eéﬁtlgWiﬁpqﬂ,{q glected from the group comprising: titanium

nitride, titanium aluminium nitride and vanadium-aluminium alloys.

Optionally, said passive beam is comprised of a material selected from the group

comprising: silicon oxide, silicon nitride and silicon oxynitride.

Optionally, said substrate is a silicon substrate having said control circuitry contained in at

least one CMOS layer thereof.

Optionally, said wall is covered with a polymeric layer, said polymeric layer providing a

mechanical seal between each finger and said wall.
Optionally, said polymeric layer is comprised of polydimethylsiloxane (PDMS).

Optionally, said polymeric layer defines an exterior surface of said MEMS integrated

circuit.

Optionally, said outlet is defined in said exterior surface.



Optionally, said substrate is a silicon substrate

having said control circuitry contained in at | east
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covered with a polyneric |ayer, said polyneric |ayer

provi ding a nechani cal seal between each finger and

said wall. Optionally, said potyneric layer is

conpri sed of polydinmethylsiloxane (PDMS). Optionally,

sai d polymeric |ayer defines an exterior surface of
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an inlet port; 20an outlet port;
comprising:

an inlet port;
20 an outlet port;
a thermal bend actuator; and
a valve closure member cooperating with said actuator, such that actuation
of said thermal bend actuator causes movement of said closure member, thereby regulating

a flow of fluid from said inlet port to said outlet port.

25
Optionally, said thermal bend actuator comprises:
an active beam comprised of a thermoelastic material; and
a passive beam mechanically cooperating with said active beam, such that
when a current is passed through the active beam, the active beam heats and
30 expands relative to the passive beam, resulting in bending of the actuator.

Optionally, said active beam is fused to said passive beam.



a thermal bend actuator; and a val ve
cl osure nenber cooperating with said actuator, such
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novenent of said closure nenber, thereby regulating a
flowof fluid fromsaid inlet port to said outlet
port. 25 Optionally, said thergml bend actuator
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Cunkends 1S passed through the active beam the active

beam heats and 30expands rel ative to the passive beam

resulting in bending of the actuator. Optionally, said
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Opt i onal said active beam defines a bent current
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controlling said actuator. 50ptionally, said
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said actuator is defined in a MEMS Iayer of a silicon

substrate. Qptionall substrate
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sai et port are defin n pol ymeric
m e¥RSERE di cs 20 platform Optionally, said closure
menber is conprised of a conpliant material for

seal i ng engagement with a sealing surface of said
v alGpégonally, said inlet port and said outlet port are defined in polymeric microfluidics

20 platform.

Optionally, said closure member is comprised of a compliant material for sealing

engagement with a sealing surface of said valve.
25  Optionally, said closure member is comprised of an elastomer.
Optionally, said closure member is comprised of polydimethylsiloxane (PDMS).
Optionally, said closure member is fused or bonded to said thermal bend actuator.
30

Optionally, said actuation causes open or closing of said valve.

Optionally, said actuation causes partial opening or partial closing of said valve.



250ptionally, said closure nenber is conprised of an
el astoner. Optionally, said closure nenber is
we@oropnszset of pol ydi met hyl si | oxane (PDVS). OptPCHAUR0pS/000881
said closure nenber is fused or bonded to said therma
bend actuator. 30 Optionally, said actuation causes
open or closing of said valve.9Optionally, said
actyatiufn a@aasl@q)r@aﬂtumhudamldég a @ficrPATidit &sted] @8ipAGnOA
Sald val ve. In a fourth aspect the present .
nEHYD H‘rﬁegﬁaﬁ%\ﬁ“&é‘%b‘ﬁ‘d?ﬁ ergelviiets Em% ‘E { Sélﬂﬁli}“eén

NEN&nff)ﬁUiI%gfn@tneﬁo& InfiGbfldidiPeBEQE, Wikredn RANaYRE bsaid microfluidic
mcrofluidics platform said systen1conpr|5|ng one or

o Kevigrs Eprapses @M@Néﬁeaﬂ%@g positiearding MEMP dayst of s inggerated circuit.
ssaid mcrofluidic devices conprises a MEMS actuat or
positioned in a MEMS | ayer of said integrated circuit.
5 Optipesial shig migralledigideviess latsi sdiedcdlienh degrapsonpiistngt agFrofluidic
fr sing: mcrofluidic valves and
n1ggg%Qﬁdg{%H%ﬁﬁggﬂﬁ% Optionally, all of said
m crof | ui di ¢ devi ces conprise a MEMS act uat or
po . . .
ver PRl s B8 O P R AR lor Bl fope s
10a ﬂ&mwﬂkwmfa m crof | uidic channel. 150ptionally, said
MEMS i ntegrated circuit conprises a silicon substrate
and said MEMS | ayer is formed on said substrate.
QJK]'pﬁﬂlﬁilllb/,ysaidS\&ﬂEMS MybBulty esmprseCoOmraddati fotheating a fluid in a
ol | aye 20 Optionally, said polyneric |ayer
P¥ﬂg@”§3 %%B?ng surface of said MEMS integrated
CIFCUIt Optionally, said polyneric |ayer is conprised
ofC%hotopatternable PDVS.

15 tionally, said MEMS integrated circuit comprises a silicon substrate and said MEMS

layer is formed on said substrate.
Optionally, said MEMS layer is covered with a polymeric layer.

20 Optionally, said polymeric layer defines a bonding surface of said MEMS integrated

circuit.
Optionally, said polymeric layer is comprised of photopatternable PDMS.

25  Optionally, said microfluidics platform comprises a polymeric body having one or more

microfluidic channels defined therein.
Optionally, said polymeric body is comprised of PDMS.

30  Optionally, at least one of said microfluidic channels is in fluid communication with said at

least one microfluidic device.



250ptionally, said mcrofluidics platformconprises a

pol yneri c body having one or nore mcrofluidic
w@b@ongdsg7 defi ned therein. Optionally, said poPgHaDR0®8/000881

body is conprised of PDVM5. 300ptionally, at |east one

of said mcrofluidic channels is in fluid

communi cation with said at |east one mcrofluidic

deip@enally kQid Ve Middrited GRLiEcdzMBed doh@S b Rely ok 5@%ng said

conprises control circuitry for controllin sa

ac PEHYYr saideniolcgRtifnp Peipg ‘PO@H‘PF? V& %éﬁaﬁﬁn%g IR Oﬁ Hidat

| eagsirgpe CMOS | ayer of said substrate. 50ptionally,

said MEMS actuator is a thermal bend actuator.

Optionally, said thermal bend actuator conprises: an

5aCGp%EnaRG AMAREMS &8 Hof 2 Bhefnl@biREL@SEI ¢ Material | and
a passive bean1nechan|cally cooperating wth said

actlve beam such that 10when a current is passed

o pogﬂgnﬂn?@ QLS RERu D ARLL Ve beam heat's and

ative to the passi eam resulting in
bendi ng of wngda@ba@m@nmﬂ@phﬁaﬁammyﬂwgah@wadtmve beam

i's f used to aﬁﬁ%sﬂ@%@fiﬁ Fl%ﬁ[?r é‘a@?ﬁlg%ﬁ Sil actlggbgzlm such that

acti ve beam defi nes a
10bet weenwkenpaiurregfis mbsed thr«n@h she asmedneml,ethet amdelxaMeatg and

d | |
ot uat o P el e i Wt line B e o O B

is selected fron1the group conprising: titanium 20
tride ani u aIu niumnjtride and
R S e A 4 SR sai d passi ve
bean1|s conprised of a material selected fromthe
conpri sing | icon oxide, silicon nitride and
5gi Qp@&tﬁll%ﬁlﬁlaftlwe&)éam defines a bent current path extending between a pair of
electrodes, said electrodes being connected to control circuitry for controlling said

actuator.

Optionally, said thermoelastic material is selected from the group comprising: titanium

20  nitride, titanium aluminium nitride and vanadium-aluminium alloys.

Optionally, said passive beam is comprised of a material selected from the group

comprising: silicon oxide, silicon nitride and silicon oxynitride.

25  In a further aspect there is provided a microfluidic system comprising a MEMS integrated
circuit bonded to a polymeric microfluidics platform, said system comprising one or more
microfluidic devices, wherein at least one of said microfluidic devices comprises a MEMS
actuator positioned in a MEMS layer of said integrated circuit,
which is a LOC device or a Micro Total Analysis System (#T'AS).

30
In a fifth aspect the present invention provides a microfluidic system comprising an
integrated circuit having a bonding surface bonded to a polymeric microfluidics platform,
said microfluidic system comprising one or more microfluidics devices controlled by

control circuitry in said integrated circuit,



25In a further aspect there is provided a mcrofluidic
system conprising a MEMS integrated circuit bonded to

w@2pohsaseric mcrofluidics platform said systRei/AU2008/000881

5

10

15

20

25

30

conprising one or nore mcrofluidic devices, wherein

at | east one of said mcrofluidic devices conprises a
MEMS actuator positioned in alVEMS | ayer of said

| ntydgieat € tad bhCishid n\mbﬂl!adlic FeAoek Xmplavd LRIEMS @uMo€ p@itioned in
Total Anal ysis System ( TAS% 30 In a fifth aspect the

pr SIS faxypreni said Hl“iﬁf“’é‘?f]i credt. gidVENS laM?r&’F‘é‘g §?/‘§feé1r‘ﬁ itha POlyme“C
COMRE} whiftddedines sﬁfd%ﬁ&ﬁg[%ﬂlrﬁ&er SF4hill il@ydididuipondi ng

surface bonded to a polyneric microfluidics platform

said mcrofluidic systemconprising one or nore

m @pﬁf)ﬁa‘ﬂ&/ %hﬁ%l%ﬂﬁl@ﬁ%leﬁ%tafecéblleﬁgd B¥m %%}Ju lcoﬁbﬁs‘ﬁﬂg‘ hfi¥ofluidic
in sald integrated circuit, 1 wherein at | east one

of valagsgindinegrofiuidii gympsdevi ces corrprl ses a MEMS act uat or
positioned in a MEMS | ayer of said integrated circuit,
said MEMS | ayer being covered with a polyneric |ayer
whiGphomdlf i saidsnisrafleldiodadeas grequesifiansd indnya¢ of: i nt egr at ed

circuit ' , said mcrofluidic devices are
sel ect esﬁlcf%%agﬁglrég%tbup conprising: mcrofluidic
val ves antmeroflotids pladomm; yanrtrps QOtl onal ly, said

sa i g e TR ReBOR AR b B BOfes Ptorm.

platform and an interface between said integrated
circuit and said crofl uidics Iatf onal |y,

s a.Odrﬂngsw&ewratF% S CUBREES % %Coa s “’i‘“él%’ T E“F%I QpECMOS
haviyag a sald@asitol oi@itEMOCodtaNRrin sand 1&a e CMTY @Yer.

circuitry is contained in said at | east one CMOS

3| ayer. Optionally, said integrated circuit conprises a

Si |O£ﬁ@fﬂill§ UhitifiedrBe@dfbul abiprVEMSi i@} QlibsirSie ARl ARV layer is
said substrate. Optionally, said polynmeric |ayer is

c OSP4 erisast subHsicopat t er nabl e PDMB. Optional Iy, said
m crofluidics platformconprises a polyneric body

havi ng one or nore m crofluidic channels defi ned
t hé&lpdpmplly, said polymeric layer is comprised of photopatternable PDMS.

Optionally, said microfluidics platform comprises a polymeric body having one or more

microfluidic channels defined therein.
Optionally, said polymeric body is comprised of PDMS.

Optionally, at least one of said microfluidic channels is in fluid communication with at

least one said microfluidic devices.
Optionally, said MEMS actuator is a thermal bend actuator.

Optionally, said thermal bend actuator comprises:

an active beam comprised of a thermoelastic material; and



Optionally, said polyneric body is conprised of PDVB
Optionally, at |east one of said mcrofluidic channels

WO 2000n5858Ui d communi cation with at | east one SBECTAU2008/000881
m crofluidic devices. Optionally, said MEMS act uat or
is a thermal bend actuator. Optionally, said thernal
bend actuator conprises: an adpi ve beam conpri sed of a
t her noel ast ixgafhle®eind hectfidallykBoer4liag Siit Saild @A beam, such that
mechani cal |y cooperating with said active beam such
that Wh¥Peng e énrassed thé%gé‘t? aPtﬁ‘fe&’lﬁ@‘H’ thetixepoaipehepfe and
the act ixpenddeamvbBeshs pARde BX4RARMAAKE Bbddv Jf hetabBator.
passive beam resulting in bending of the actuator.
5Cptionally, said active beamis fused to said passive
sPeyRiofal | QRakdybeaRisdu@dtd MR Reawwdahi nes a bent
current path extendi ng between a pair of el ectrodes,
sai d el ectrodes being connected to said contro

cir [ ~ ~

Cpt e g SR A A o B QendidP et i o
f r olertrddles, grid elpctdenreingicngnected toanid g tril tirdudey, fot ¢onaeliingwaid
al ym.piumnitride and vanadi umal um ni um al | oys.
Optionally, said passive beamis conprised of a

l0material selected fromthe group 15conprising: silicon

oxi ilicon nitri.de and.silic oxynitride. .. . .
ooty B E G BP il B oS ke Fogsipe: saniom
C O iftiidy, G@hiMralvai tilyoirni tABE i via taalluns slomibinine sitoyan Wi t h
said polynmeric mcrofluidics platform 20In another
aspect there is provided a mcrofluidic system
CORkibalpGa@dPadsit @endls @Bmprised Uf 4 mMandl Bgected FRMOIA Broup
surface bonded to a _polyneric nmicrofluidics platform
]53aFﬂmﬁﬁ%%%FP%P&?@eéyg?%ﬂ$%ﬁﬁ%4F@?ﬁémﬂﬂgdﬁr nor e
m crofl uidics devices controlled by control circuitry
in said integrated circuit, @ wherein at |east one of
saitptifadly oriduptegretedieirnis sdn dpidisrcpgagnigatigrirl/ efongshindgal

POShhh@REMioh Witk 2aid@ pdNEid A RIuRfcs PAIGi Nt egr at ed
circuit, said MEMS | ayer being covered with a

pol ynmeric |layer which defines said bonding surface of

205 ailgaﬂoﬁ}e?%?@crt ﬁlg{eqé f)l%%%éd a Pﬁq}}o 1d sy?terh%}nﬁ%‘{ﬂgcaﬁ iﬁggrﬁed circuit
Mcro Total Anal ysis System (TAS).
having a bonding surface bonded to a polymeric microfluidics platform, said microfluidic
system comprising one or more microfluidics devices controlled by control circuitry in said
integrated circuit,
wherein at least one of said microfluidic devices comprises a MEMS actuator positioned in
25  a MEMS layer of said integrated circuit, said MEMS layer being covered with a polymeric

layer which defines said bonding surface of said integrated circuit,

which is a LOC device or a Micro Total Analysis System (#TAS).

In a sixth aspect the present invention provides a microfluidic system comprising a MEMS
30  integrated circuit, said MEMS integrated circuit comprising:
a silicon substrate having one or more microfluidic channels defined therein;
at least one layer of control circuitry for controlling one or more microfluidic
devices;

a MEMS layer comprising said one or more microfluidic devices; and



In a sixth aspect the present invention provides a
m crofluidic systemconprising a MEMS 30i nt egr at ed

W@ 00052547 said MEMS integrated circuit conpri SPEIYAU2008/800881
silicon substrate having one or nore mcrofluidic
channel s defined therein; at |east one | ayer of
control circuitry for controllidng one or nore

m cr of | upslGeramieE@serity MIMBVBY ST, corrpri sing said one
or nore mcrofluidjic devices; and 13 ol yneric

| agBrTeRc b eyt Qe DOBNIST By ool f S6ehIoR Rt Isbane O

of nsabduieliyesi ¢ | ayer provides a seal for at | east
one of said mcrofluidic devices. 50ptionally, said

MEMS integrated circuit contains all the mcrofluidic

5d e‘(jpﬁ@l?ﬁll? rk%ch’E‘MS Bte g%técpdﬂchﬁ yorﬁa%ﬁté'llrﬂ?éjmﬂ(cﬁﬂflufaﬁﬁe@&ésgﬁd control
of said mcrofluidic system éftlona y, sa

m eirofitnuicayited denopgrasonf said glicselfuedic $ysEm t he gr oup

conprising: mcrofluidic valves and microfluidic

punps. 10 Optionally, said control circuitry is

cofiipsipmdy, shid nzitrofledis tdevers aMeEctdiyen the@oiuipopmprising: giairefluidic

pol ri . 1 npri sed of photopatternabl e PDVS

158%@?3%%P+€¥%%%%§m%%ryneric | ayer defines an exterior
10surface of said MEMS integrated circuit. Optionally,

MEMS .i nt.eqrat e ircuit. is

sub eI E GRSl b Shy R T Ees 0% RRTS I 1,

said at |east one mcrofluidic device conprises a MENMS
act uat or.. tional.l sai d MENS actuator is her mal
Do S g DS B T g el A b Y
actuator conpri ses:

15  Optionally, said polymeric layer defines an exterior surface of said MEMS integrated

circuit.

Optionally, MEMS integrated circuit is mounted on a passive substrate via said polymeric
layer.
20

Optionally, said at least one microfluidic device comprises a MEMS actuator.
Optionally, said MEMS actuator is a thermal bend actuator.

25  Optionally, said thermal bend actuator comprises:
an active beam comprised of a thermoelastic material; and
a passive beam mechanically cooperating with said active beam, such that
when a current is passed through the active beam, the active beam heats and
expands relative to the passive beam, resulting in bending of the actuator.
30

Optionally, said active beam is fused to said passive beam.



an active beam conprised of a thernoelastic nmaterial;
and a passive beam nechanically cooperating with

W@ 200d/150587 ve beam such that when a current i SPOESE28/000881
t hrough the active beam the active beam heats and
expands rel ative to the passive beam resulting in
bendi ng of the actuator. 30 Oguionally, said active

bea)gsnb@uf/ usiddcede bah defMRSsbanecldRaPath ckébnBE b&@W&dnl Apair of
sai d active beam defines a bent current path extendi ng

beFW@éﬂe%S%%F?“Bﬂ“%ﬁé@ﬁ?@ﬁ@% “@5@&0@¥%6¥?%H@§r%@Fﬂﬁmﬂmm
coppgsted to said control circuitry for controlling
said actuator. 5Qptionally, said thernoelastic

material is selected fromthe group conprising:

st t()%ﬂbﬁﬁm/ N i PBoelfstit FRlcHID; el M EYMRY ér&dpdc%mﬁﬂgng titanium
vanadi unmt al um ni um al | oys. Optionally, said passive

beaides t@pippraudiueimitdpandeapagiuns dpamiwgalfoyom t he

group conprising: silicon oxide, silicon nitride and
silicon oxynitride. 10 Optionally, said mcrofluidic
delpgenalls, saidpassivobban dicemprated ef conatpridl s¢levgeddrosedt Rrogp

S“r{nﬂﬁr%l 03 m%on%%g sﬁl‘%&{‘%{he%ﬂd él{]éoglg)ﬁcfn%éi%le.and an outl et

sald a said
10pp|yner|c | ayer is conflgured for sealing engagenent

W .S urfa
b G S A A AR
t 0 psdichedbidtlvein ap(i)rﬂét pofDptd @nallbiports ahdlwharein efid wilelisCpart of said
devi ce |s a mecroflujdic peristaltic c ri sing:
B R R B e R R A
outlet; and 20a plurality of noveable fingers
p05|t|oned n a wall of said punping chanber, sai

3t fparrallpenidgealing sppgaenenhregulpigifluig oy rom; sgid\iplp POy Hblsald outlet
copbigured to provide a peristaltic punping action via
novenent of said fingers,

Optionally, said microfluidic device is a microfluidic peristaltic pump comprising:
a pumping chamber positioned between an inlet and an outlet; and
20 a plurality of moveable fingers positioned in a wall of said pumping chamber, said
fingers being arranged in a row along said wall and configured to provide a peristaltic
pumping action via movement of said fingers,
wherein said at least part of said polymeric layer provides a mechanical seal between each
moveable finger and said wall.
25
In a further aspect there is provided a microfluidic system comprising a MEMS integrated
circuit, said MEMS integrated circuit comprising:
a silicon substrate having one or more microfluidic channels defined therein;
at least one layer of control circuitry for controlling one or more microfluidic
30 devices;
a MEMS layer comprising said one or more microfluidic devices; and
a polymeric layer covering said MEMS layer,
wherein at least part of said polymeric layer provides a seal for at least one of said

microfluidic devices,



wherein said at |east part of said polyneric |ayer
provi des a nmechani cal seal between each noveabl e
WO 20vgas2sand said wall. 25 In a further aspect PCEABE20108/000881
provided a mcrofluidic systemconprising a MEVS
integrated circuit, said MEMS integrated circuit
conpri si ng: a silicon suhstrate having one or
MO RBidKIiEL PHEC Wb déoMmeRarngl malst S?b%ﬂn theysgi n; at | east
one | ayer of control circuitry for controlllng one or
nore mcrofluidic 30devices; a MEMS | ayer conprising
sairfly QRENRhspPR IR p@@s&{t%ﬁtmlp?ov%ya fifion At fRBhiAERC
| ayer coverlng sai d | ayer, wherein at |east par
of said polym@ﬂﬁ@Oﬂayer provi des a seal for at |east
sone of said, g&g%& i dic devices, 15 which is a LOC
device Mcro Tota al ysi s Systen1(,uTAS). In a
sevent h aspeoteitfogitipred betmicer aidsnles ad oployortestidweir having a
I ¢ valve conprising: an inlet port; 5an
%?n?gang. a weir positioned between said
| nI et and omtdi@hra@mrrmmbremalfmi sving edpaydnngt witlsedd demlgng surface;
surface; a diaphragm nenbrane for seal i ng engagenent
wi #A° sai d sealing surface; and 10at |east one thermal
10bend act uat ar lehsd bnd@stinabead hdﬂudﬂdr&@hﬁca@fgl sAE Ri¥pAALM membrane

bet ween a cl osed. position i ch sajd nenbrane is. .
se i?F‘iWﬁEj} %/Cl%sﬁ B@Sétkﬂm\}\}i‘ YVEIC% %“ﬁimglﬁgfﬁ‘ilerf@ S h?&%%‘@a%@d" ithpaid sealing
OP8if4RO sid inQer Fosidh GNwisiad AidBHAREs disendigSe NEAGE sealing
fromsaid sealing surface. 150Cptionally, in said open
post4°6n, a connecting channel is defined between said
di aphragm nenbrane and sai d sealing surface, said
connecti ng channel providing fluidic conmunication
I5peOndetillyg ap gpiq ppea o, @,gﬂqn@qtmg) glrangel is defined between said diaphragm

membrane and said sealing surface, said connecting channel providing fluidic

communication between said inlet and outlet ports.

Optionally, said open position includes a fully open position and a partially open position.

20
Optionally, said diaphragm membrane is fused or bonded to at least one moveable finger,
said actuator causing movemnient of said finger.
Optionally, said at least one finger comprises said thermal bend actuator.

25

Optionally, the microfluidic valve according to the present invention comprising a pair of
opposed fingers, each of said fingers pointing towards said weir, wherein said diaphragm

membrane bridges between said opposed fingers.
30  Optionally, said valve is formed on a substrate, said diaphragm membrane and said fingers
being spaced apart from said substrate, and said weir extending from said substrate towards

said diaphragm membrane.

Optionally, said weir is positioned centrally between said opposed fingers.



Optionally, said open position includes a fully open
position and a partially open position. Optionally,

W@ 200d/18bsaphr agm nenbrane i s fused or bonded t oPEE/AUZES8000881
one noveabl e finger, said actuator causing novenent of
said finger. Optionally, said at |east one finger
conprises said thermal bend aawuator. Optionally, the
m crof l uidic valve according to the present invention
conprising a pair of opposed fingers, each of said
fig&@@?”ﬁé?ﬂvﬁﬁﬂdﬁﬁﬁﬁ?ﬁ§m§§?&rﬁ@ﬁFWeﬁﬁ%@%Pﬂmﬁgpﬁm*

di aphragm nenbr ane bri dges between sai d opposed
fingers. 300ptionally, said valve is forned on a
suls¥tipnly, cadhihermg] bepth pdvpRncempiStie and said fingers
sbei ng SpaCEQnﬁﬂﬁé%eﬁﬁ8ﬂh§§&ﬂﬁ§%@§&6é&ﬁen@@ﬁﬂ?ﬁhd welr r
extending fromsaid substrate towards said di aphragm
menbr ane. Qptpiagsivglbeam meefiapicyliyi qoopesating Siith st agfive beam, such that
central : [ A ~
Opt i onal sy FAHER R PO N RBRRE Sk T n e kR oam heats and
r espect ¢xpands dativalo thepasiachaaar wrultii@on bemlaiglof theagwhtor.
thermal bend actuator conprises: 5an active beam
conprised of a thernoelastic material; and a
10pa$ptivellpsarxueciawh diabdrys ddogkryahidpgssiiebbansai d acti ve
beam such that when a current is passed through the
active beam the active beam heats and expands
r elCptibnadly fsaidtabigvepass isviesch @avald paesswelbeamg i1 n bendi ng of
the actuator. 100ptionally, an extent of each finger
is defined by said passive beam Optionally, said
acOpvienang aaidiastiies aa défheS abdht RRRSI path B@ADMNg between a pair of
Optjonal ly, said active beam defines a bent current

Lpathcisdes ptd Agctodesfsig canssipd ogpnia sirgiiify Ggenatrolling gach
el gah4i@des bei ng connected to control circuitry for
controlling each actuator. Optionally, said
thernoelastic material is selected fromthe group
co mﬁblﬁ'llg),gahidttﬁetrﬁ&léém Hl'attefiélq_@selekﬂe@l f0m YD %&&ﬁr@oﬂfpﬁfﬁlg: titanium
nitride and vanadi unmral um ni um al | oys. 20

nitride, titanium aluminium nitride and vanadium-aluminium alloys.

20
Optionally, said passive beam is comprised of a material selected from the group

comprising: silicon oxide, silicon nitride and silicon oxynitride.

Optionally, said substrate comprises control circuitry for controlling said at least one

25  actuator.

Optionally, said substrate is a silicon substrate having said control circuitry contained in at

least one CMOS layer thereof.
30  Optionally, said diaphragm membrane is defined by at least part of a polymeric layer.

Optionally, said polymeric layer is comprised of polydimethylsiloxane (PDMS).



Optionally, said passive beamis conprised of a
materi al selected fromthe group conprising: silicon
W@200d@525¢7 | i con nitride and silicon oxynitri dePCT/AU2008/000881
Optionally, said substrate conprises control circuitry
for controlling said at | east one 25act uat or.
Optionally, said substrate isia silicon substrate
haipi@nasial «pl&eIRY bothe Giidreliidié Yale@RE@dN@o iR pMsedt@aSition are
one CMOS | ayer thereof. 300ptionally, said diaphragm
e ABFRERGIN seTigtden Yie B ASYSEtc PEdst part of a pol ymeric
layer. 17 Optionally, a plurality of the mcrofluidic
val ves according to the present invention are arranged
i nIB@rgighth pspect hs@rsent Jeptiop Fravides pIRYLS inteprated girgigrpmrising
5as REECL: ntl(;}@ mﬁ&ﬁﬁﬁ(ﬁ@ dibﬁh\f@gtﬂ{ VaNs Qﬁcpé()hg&%iréhi%%@said one or more
integrated circuit conprising 5one or nore
mi GRrloesh eAcklivavekoapipiagim val ves and control circuitry
for said On%m%ﬁaEBﬁe val ves, each valve conprising: an
inlet port; an outlet port; a weir
posi tioned bepmkmnmSaid inlet and outlet ports, said
weir having a%ve%g)%?iﬂhﬂeﬁ%et%‘égi s%?de{gle?anﬂ LARR LAAMLAPORY f%‘@g a
for sealing engagenent with said sealing surtface; an
10at staiagturfare t hermal bend actuator for noving said
di aphragm nenprane between_.a cl.osed position i i ch )
Sai 8 ooy adaTPERERARTIES (e RS PR by g S
15and face and an open position in which said menbrane
's disengag %gle];srt 8rr12 tlslf?rlmgll ‘t?e%g lacltlr;a or grrrflo%?n%’ said diaphragm membrane
between a closed position in which said membrane is sealingly engaged with said sealing
15  surface and an open position in which said membrane is disengaged from said sealing
surface,
wherein said control circuitry is configured to control actuation of said at least one actuator

s0 as to control opening and closing of said valve.

20 Optionally, in said open position, a connecting channel is defined between said
diaphraphm membrane and said sealing surface, said connecting channel providing fluidic

communication between said inlet and outlet ports.

Optionally, said open position includes a fully open position and a partially open position,

25  adegree of opening being controlled by said control circuitry.

Optionally, said diaphragm membrane is fused or bonded to at least one moveable finger,

said actuator causing movemnient of said finger.
30  Optionally, said at least one finger comprises said thermal bend actuator.
Optionally, the MEMS integrated circuit according to the present invention comprising a

pair of opposed fingers, each of said fingers pointing towards said weir, wherein said

diaphragm membrane bridges between said opposed fingers.



wherein said control circuitry is configured to
control actuation of said at |east one actuator so as

W@ 2008052540l openi ng and cl osi ng of said val ve.PCT/AU2008/000881
200ptionally, in said open position, a connecting
channel is defined between said di aphraphm nenbrane
and said sealing surface, saidgconnecting channe
provi di ng fluidic conmunication between said inlet and
out] et ports. . Optionally, said open position o
i n&ipli YémﬂdPW9BJB@WdBB§FWFéﬁ&éﬁHdgp é@?ﬁﬁ@PVH%HQWMdﬁngﬂs
PO$iihs PAcedpat HEALKAE s@srAD QRN 81 VEF HGen@RBHOR! daRduRYrate towards
said control circuitry. Optionally, said di aphragm
me Bt diehrpgn mgek@nyr bonded to at | east one noveabl e
sfinger, said actuator causing novenent of said finger
300ptionally, said at |east one finger conprises said
t héptianallpead weatiupasionedQsnirdiy deiwgen saldeopnENGlingaregr at ed
circuit according to the present invention conprising
a pair of opposed fingers, each of said fingers
poiOptipmdy teaeharfdaid Siagas womipriseswhespedtive Sainghl bérdphmagm
menbr ane bridges between sai d opposed fingers. 18
Optionally, said valve is formed on a substrate, said

10di &phiomdim eregntberankbead detsaordomprsger s bei ng spaced apart
fromsaid substrate, and saj ir extending fromsaid
substrate ¢ duarte e S RaHH adh eSS fnd: ald
Optional |y, agasstheweini meshapiosliytdoopeeding eith &l hotivbbEane euth that
sai d opposed fingers. tionally, each of said finger
onpr i SBE e TaneR e is 6 b sty bem Rt G
100pt i oa@hidy rel@B6 o thd pisEmd bdagNsagiglia bedding@Teias@8ior. an
active beam conprised of a thernoelastic material; and

Sa passi ve beam nechani cally cooperating with said
aciJp¥i6nale amMlex M edch Ao MIER fide B hRPhsshve bRas Sed
t hrough the active beam the active beam heats and
expands relative to the passive beam resulting in

be@igiti&_gill?f sai‘dﬁ@th@%%é&ﬁl{s%sed %&sa_@(}%gs@@%éﬁn an extent of
each finger is defined by said passive beam

20 Optionally, said active beam defines a bent current path extending between a pair of
electrodes, said electrodes being connected to control circuitry for controlling each

actuator.

Optionally, said thermoelastic material is selected from the group comprising: titanium

25  nitride, titanium aluminium nitride and vanadium-aluminium alloys.

Optionally, said passive beam is comprised of a material selected from the group

comprising: silicon oxide, silicon nitride and silicon oxynitride.

30  Optionally, said substrate is a silicon substrate having said control circuitry contained in at

least one CMOS layer thereof.

Optionally, said diaphragm membrane is defined by at least part of a polymeric layer.



Optionally, said active beamis fused to said passive

beam 200ptionally, said active beam defines a bent
w@pasas4pat h ext endi ng between a pair of el ece€DABE2008/000881

sai d el ectrodes being connected to control circuitry
for controlling each actuator. Optionally, said
thernoelastic material is selaoted fromthe group

C O URkibrfall 10 Graid tplo tyaid i &I 1y & 3 dntplri€hel, of F;blydiﬁiethmsm;dam (PDMB).
nitride and vanadi um al um nium al | oys. Optionally,

sai d passive beamis conprised of a naterial selected
f r oRibhay 36AWYRIyERAPTY&dBGhes Bih bAtGRR ¥l E6r saRIMEMS Mtegrated
nitride and silicon oxynitride. 300ptionally, said
subitdilate is a silicon substrate having said contro
scircuitry contained in at |east one CMOS | ayer
thereof. 19 Optionally, said polyneric |ayer is
cofpripedy. agflurpih gbisaietahih &k BasaeeinSPBIVBY] sachtonarlalitbylry is
sai I S
s aicgnf%%\%@?{‘]dngalrag‘%ﬁe dong)?%%cglec‘ltémﬁ@r %E fo C}Jr&ﬁ?e al'ﬁetrlﬁglﬁc Blflmplng
plaﬂamity of said valves are arranged in serles and

Zg{lﬁ%ﬁg ]%]pt tﬁé %%&@n{ Elyenklgn ﬁrgaﬁésga%lgl%ﬂhﬁlc% d){Hl QILIe comprising:

l0peristaltic apmmpﬂmlglca:hétnnelrdefmed in al:(vmlzilaml hotljy aspect the

present invent nm.cro idic

Corprisi ng: ohC AeSor i Ey 3 R Ter s S aBuR R Y vatve
conpl i asiéevbbayrg a membrancwadlvefisiheavasicaftionedodny sérface of said
section of said mcrofluidic channel, said valve

sl eeve Wﬁvlng a nenbrane wal | deflnlng at | east part

of an outer asdmprRegnahensRt hr bRehing said membrane wall again an opposed
conpreSS|on menber for pinching said nenbrane wal
agalnstwﬂhdﬁﬁﬂdggﬁgfgﬁdpp of said valve sleeve;, and

a thermal bengbragtidad Kiualdd for MVINGYaid dbiHpre QIR MRSHL M tween a
menber between a close%g$05|t|on in which said

menbr andOkAPPsiiag iswhich iyl pepbiRhedl! iaseuingy Piggicd against said
0ppOs edoaleht waf i 3R o RRGRsiRASin WHRR shill n¥ibERe $1 & d1sen%a§ed

menbrane wall is disengaged from said opposed wal
Opt i onalfrpy said gpngsedpeall. posi tion includes a fully open
yPosition and a partially open position, Optional ly,
a noveabl e finger is engaged with said conpression
me idpgenallz shid opemppeitioh aiclidesadnlly epen eobiticn and geargadlydbpen position.
conpr essi on nenber between said open and cl osed
positions via 25novenent of said actuator.
Optionally, a moveable finger is engaged with said compression member, said finger being

configured to urge said compression member between said open and closed positions via

25  movement of said actuator.

Optionally, said compression member is sandwiched between said finger and said

membrane wall.
30  Optionally, said compression member protrudes from said membrane wall.

Optionally, said compression member is biased towards said closed position when said

thermal bend actuator is in a quiescent state.



Optionally, said conpression nenber is sandw ched
bet ween said finger and said nenbrane wall. 30
wa@piovasesk! y, sai d conpressi on nmenber protrudesPE¢T/amR008/000881
said nmenbrane wall. Optionally, said conpression
menber is biased towards said closed position when
said thermal bend actuator is20n a quiescent state. 20

é)ﬁﬂ@hlk/ya, MBMSEMS:rhiBd 88¥uAESdndddrt6 tid outsr sBPREesaldbody, said
said outer surface of said bodX sai d noveabl e finger
a

beiliycOEngrRsmeicAN A ngdaRs MIZNIS faygrof saifl tgepiedyistib d
circuit. Optionally, said MEMS integrated circuit

co ri ses a bondi ng surface defined by a 5polyneric
%ﬁlonaélm sAdDBIAS rjeesiied dicuit pranmigessdvadias twiashdedine vy

5S u E)Bl?ﬁl%n@faye? Alafd bgﬁ&iﬂg suatd &H%lﬂoﬂded§@éagi R YiPRICE 6¢ Jaﬁ%%ﬁy
covers said MEMS |ayer. Optionally, said polyneric

Iayer and/ or sald conpl i ant body are conprised of

tl? g s%'d y}ﬁen@ﬁlgé'f%t){/ SR MBR gq@@f: tuator causes

nove ron1sa| dy, thereby
openlng sald val ve; and deactuation of said

b&ﬁ%@aﬁl& sgllcﬁag m%ﬁ& %yc—f,:r aF(g’Slr saaJ &gl\{a t (%%Fedc% ﬁgeq oPgﬁX/[S

osi'ng sal said novea
10f|nger conprlses said thermal bend actuator

sai d uat or co ri ses:
R AT e R e ST e B
20ahephs SpangngBaidmivechani cal | y cooperating with said
active beam,k such t en a curre asse
hr ough ¢ ho sttt fashiceRe bt va! B RaRE Sl sed body.
expandsthé@bypdlbsfy shid vaRe passive beam resulting in

bendlng of the actuator. Optionally, an extent of said
1flnger i s defined by said passive beam 25 Optionally,

saichiaslly waidBRABAVISHifouS@hptiSes @il theRAS SéiRRBBM

Optionally, said thermal bend actuator comprises:
an active beam comprised of a thermoelastic material; and
20 a passive beam mechanically cooperating with said active beam, such that
when a current is passed through the active beam, the active beam heats and

expands relative to the passive beam, resulting in bending of the actuator.

Optionally, an extent of said finger is defined by said passive beam.
25

Optionally, said active beam is fused to said passive beam.

Optionally, said active beam defines a bent current path extending between a pair of
electrodes, said electrodes being connected to control circuitry for controlling each

30 actuator.

Optionally, said thermoelastic material is selected from the group comprising: titanium

nitride, titanium aluminium nitride and vanadium-aluminium alloys; and said passive beam



Optionally, said active beam defines a bent current
pat h extendi ng between a pair of electrodes, said
we@b®@onsasdes bei ng connected to control circui tPGI/ATR008/000881
control ling each 30actuator. 21 is conprised of a
material selected fromthe group conprising: silicon
oxide, silicon nitride and sil2icon oxynitride.
Optd fpkibed.of & aiatdri MEME bt & iR te@Ghp Chinfribide: GRAMIRIESilRon nitride
silicon substrate having control 5circuitry contained
i naad s OKyHiFEe-cMOS | ayer. Optionally, there is
provided a mcrofluidic systemconprising the
m crofluidic valve according to the present invention.
106ptiPRHa spif MEME inHpectiest qiigridpammgietasiicar sbr & ving comel
5PT @R&M Ly LIMLGRL LR 1 QTRE Cﬁddﬁla}%r.m urality of said
val ves ‘arranged in series. In a tenth aspect the
present invention provides a mcrofluidic system
COMRAibRD Ghere s/bhoyRiellh GHAbUAE L ERnPL A AR ABOHSA alve
15§Rhonp?|ant o&?iﬁgylng a n1%}o 3#31c£%hanne?
defatqeating thdreagirgyent inventica. val ve sl eeve defined by a
section of said mcrofluidic channel, said valve
sl eeve having a nenbrane wall defining at |east part
100f Opromully ghe wigrdfmgkc ybiewatardigoly thegmeent invention comprising a
a Cﬁﬂgregsggn ﬁ?ﬂ?%r fore%inching sai d menbrane wal |
ag &Y ARG PSS AT 118 sai d val ve sl eeve; and
(B) a MEMS integrated circuit bonded to said outer
surface of saLd body, said NEyB integr tedtcircuit._
corfpt B A A A ME Y hY Y & ARG OH R oK A Fprising:
COMNY £/ RkPRidR PREHsm salisipnger being configured to
urge said conpression nenber between a closed position
157 n"whi ch sai*oPsiskBrdhavipat migluidashep! Jlived tree:
agai nst sai d\aRROS&L dvRdeld by @RELBN o CRRMIBOBLitIcRRannBl, said valve
sleeve having a membrane wall defining at least part of an outer surface of said
body; and
a compression member for pinching said membrane wall against an opposed
20 wall of said valve sleeve; and
(B) a MEMS integrated circuit bonded to said outer surface of said body, said MEMS
integrated circuit comprising:
a moveable finger engaged with said compression member, said finger being
configured to urge said compression member between a closed position in which said
25  membrane wall is sealingly pinched against said opposed wall, and an open position in
which said membrane wall is disengaged from said opposed wall,
a thermal bend actuator associated with said finger, said actuator configured for
controlling movement of said finger; and
control circuitry for controlling actuation of said actuator so as to control opening

30  and closing of said valve sleeve.

Optionally, said open position includes a fully open position and a partially open position.



whi ch said nenbrane wall is disengaged from said
opposed wal | ; a thermal bend actuator associ ated
waowaok/18#d finger, said actuator configured foPCT/AU2008/000881
control I ing novenent of said finger; and
control circuitry for controlling actuation of said
actuator so as to control operzng 30and cl osi ng of
saicgtivially &aidllcepRssiondfentBf is Qflvichied Stk ébn CATRRES 8hDRAId
menber i s sandw ched between said finger and said
neftsPRFEe WAl . Optional |y, said conpression menber
protrudes fromsaid nenbrane wall. Optionally, said
conpressi on nmenber is part of said nenbrane wall.
OptUpsally ypaidgampregsppneahst AUAsham suid ngmbsae welbwar ds
ssai d cl osed position when said thernmal bend actuator
is in a quiescent state. Optionally, said MEMS
i nOpypepllpdaidicorpictsiciongittiesie paholFarddnanpragmalice def i ned
by a polyneric |ayer, said bonding surface being
bonded to said outer surface of said body. Optionally,
saiCptipolly rreidicomprassem neaner is basedEMB{laypal clasehpaition mdjen said
sai ' . ionally, said polyneric |ayer
ang%g@ﬁé§?§k§%%%ﬁgﬁéﬂm§§%§ggée conpri sed of PDVE.
100ptional Iy, actuation of said actuator causes said

fi r to m from.sai d body, .t hereby.openin

s a0 g TR Mot COBRR SriRe o S Py

c apsk mesalagerf dafdgendih®suffastebeir@wandie t@aidbuno dytfact bsariydy .
cl osing said valve sleeve. Optionally, said noveable
finger conprises said thernmal bend actuator.

25 Qptibana] shivl, poSraietlc lah@rcowdrs DRMVISAG] e abr@iniGOHRT SR Sble Bfiger.
active beam conprised of a thernoelastic material; and
Sa passi ve beam nechani cally cooperating with said

actOphnadn@ Rl poHalRri¢ RYdr AMYENaRl EHpLANbodySrf@8HREd of PDMS.
t hrough the active beam the active beam heats and

expands relative to the passive beam resulting in
be@ig'ti&gill?,f ackiBon@t S HRL Qb ator3hses said finger to move away from said body,

thereby opening said valve sleeve; and
20 deactuation of said actuator causes said finger to move towards said body,

thereby closing said valve sleeve.
Optionally, said moveable finger comprises said thermal bend actuator.

25  Optionally, said thermal bend actuator comprises:
an active beam comprised of a thermoelastic material; and
a passive beam mechanically cooperating with said active beam, such that
when a current is passed through the active beam, the active beam heats and
expands relative to the passive beam, resulting in bending of the actuator.
30

Optionally, an extent of said finger is defined by said passive beam.

Optionally, said active beam is fused to said passive beam.



Optionally, an extent of said finger is defined by
sai d passive beam Optionally, said active beamis

W0 e®edstse7 sai d passi ve beam 23 Optionally, SBECTAU2008/000881
active beam defines a bent current path extending
between a pair of electrodes, said el ectrodes being
connected to said control ciregitry. Optional ly,
saiogtibhey nmialaasieibearyB et @bent SurRel R &Enlih @BV GaRop
conprising: titaniumb5nitride, titani um alum nium
ni CleFERdes AYd Garizdeshvingicoraerrd i said eyl ciggyitonal |y,
sai d passive beamis conprised of a material sel ected
fromthe group conprising: silicon oxide, silicon
ni Cptigallypaiddharmecitiomptsrialis giected fopheopian GpmpEgng titanium

sVENR d L @BIL AL & iR Gittille SFRARREdIRESaBmidnl SR SUbStrat e
having said control circuitry contained in at | east

one CMOS | ayer. In an eleventh aspect the present

in T ~ :
R L B e SR L
bodymprasinignsgjliconixide.oflican dirgle ehdsihein ogefiiided t her ei n;

an el ongate chanber defined by a section of said

m crof | ui di c channel, said chanber having a nenbrane

10waldptidkedly rsid MIAVS liregsateparctit ofmmisesculenn substackavol said control
sai d body; and.a pluralj f conpression nenbers
< piadesm P on G iR Sovar | - each

conpressi on nmenber being configured for pinching a

respective part of said nmenbrane wall against an .

opifg%"e Y tillfz)lspgft ﬂéeal?rﬁise'&tf}]é‘f%té(}n, pr(é\ﬁ%es a(I%Sro ulﬂ}ﬁmtem comprising:

I N8P Alcedlutlids@uktbripengiedingo0 sai d outer surface of

said body, said MEMS integrated circuit conprising: a
Bplurality oft RpeambPulyiryget Bicrdlihe shapprdfelivry hgee:

Wi th a respegliod@icHIMb&ISHiRA by a section of said microfluidic channel, said
chamber having a membrane wall defining at least part of an outer surface of said
body; and

a plurality of compression members spaced apart along said membrane
20 wall, each compression member being configured for pinching a respective part of
said membrane wall against an opposed wall of said chamber; and
(B) a MEMS integrated circuit bonded to said outer surface of said body, said MEMS
integrated circuit comprising:
a plurality of moveable fingers, each finger engaged with a respective compression
25  member, each finger being configured to urge said respective compression member
between a closed position in which said respective part of said membrane wall is sealingly
pinched against said opposed wall, and an open position in which said respective part of
said membrane wall is disengaged from said opposed wall;
a plurality of thermal bend actuators, each associated with a respective finger for
30 controlling movement of said respective finger, and

control circuitry for controlling actuation of said actuators.

Optionally, said control circuitry is configured to provide one or more of:



25 menber, each finger being configured to urge said
respective conpression nenber between a cl osed

W@omptsasw7 i n whi ch said respective part of saiBCT/AU2008/000881
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menbrane wall is sealingly pinched agai nst said
opposed wal I, and an open position in which said
respective part of said nmenbrage wall is disengaged

from sajith RPERAISE Gu@hd action in said chamisér pﬂagéﬁéteﬂﬁcym@xfement of said
thermal bend actuators, each associated with a
rediB&Cti ve finger for 30controlling novenent of said

respect 1iiy & nfitiRgR%ion ANGidCRIMHHCPia GlohEék bYsafddngers;
controlling actuation of said actuators. Optionally,

sai d coffrigiongrie¢yaltipgadien Bisailichupkel t o provi de one or
nore of: 24 (i) a peristaltic punping action in
sai d chanber via peristaltic novenent of said fingers;

(i Optignahy »epidgniziog pesien genestdsd terhalp dlownif Juidbivepebrspid ghamber.
sai d fingers; (iii) a concerted val ving action

in said chanber. Optionally, said mxing action

gefiptionadls, saidtcamrdotitdevalvifg agtiprofonédrigillyl ntovesolighid sainpression members

ch M§i¥h

. [ Ly, i certed val ving action
concer S&%@hﬁgggﬁkéffg?ﬁ%ﬁ%gﬁﬁ%#ession menbers into
ei ther an open position or a closed position..

or U g M G ¢l e AR o Re more o
pekiis paistalt poopi AgicAcdaidanixingathniih& saidccacdricd Nalaing action.
sai d concerted val ving action. Optionally, each
conpression nenber is sandwi ched between its

r eSPEGHAllY alt R@Fesatims@bd islsanderen BaeeMailsirespective finger and said
Optional ly, each conpression nmenber protrudes from

salfhEReVate wal |, Optional Iy, each conpression
menber is part of said nenbrane wall. 20 Optionally,
each conpression nmenber is biased towards said cl osed
po$IPHPBHY viRE - ogRTegsipThBpRRAr PEEHEES ArUrdidgpenbgane yvag.

qui escent state.

Optionally, each compression member is part of said membrane wall.

Optionally, each compression member is biased towards said closed position when said

thermal bend actuator is in a quiescent state.

Optionally, said MEMS integrated circuit comprises a bonding surface defined by a

polymeric layer, said bonding surface being bonded to said outer surface of said body.
Optionally, said polymeric layer covers a MEMS layer containing said moveable finger.
Optionally, said polymeric layer and/or said compliant body are comprised of PDMS.
Optionally, actuation of each actuator causes its respective finger to move away from said

body, thereby disengaging a respective part of said membrane wall from said opposed

wall; and



Optionally, said MEMS integrated circuit conprises a
bondi ng surface defined by a 25polyneric |ayer, said

wherditse§4sur f ace bei ng bonded to said outer suP¢EHAE208/000881
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said body. Optionally, said polyneric |ayer covers a
MEMS | ayer containing said noveabl e finger.
Optionally, said polyneric |aysr and/or said conpliant

body are conpidisesch fcattAIVRatoBuubRishi@Rpdclive AGEUBIINB towards
of each actuator causes its respective finger to nove

away f r 8 Rody - dngRuyealingl P hing R SERRSHYS g oA SH BpRbipG el

part of yaakdaiRppisangayal | from sai d opposed wal |; and
25 deactuati on of each actuator causes said

respective finger to nove towards said body, thereby

se @jpiti&gillly, eq&lﬂﬁ@\:}eglge findcf §(H§§ikgsvs§id9§erntnalcgen(§ fufgrenbrane
wal I agai nst sai d opposed wall. 50Cptionally, each

noveabl e finger conprises said thernal bend actuator.

A lgye’acﬁatﬁ&ﬁlaf B ‘J%{;at%%?ﬁg&%&:“at or conprises: an

actrve am conpri sed rnmoel astic material; and
a passi ve beaprvtive bbiami@alirisyd dedpemnadlishgmaictidl; @di d
active beam reqt..i !
o v SRR By 4L T R R o v
expandswhal aatuirvie it @sdeth irpab shewetitedan, thestiv¢ baag hiears and
exteqt of
a

bendi ng of {he actuator.. t.j.onal | a

oach 1 pgund P BEBE &siye teamy SRhENG béfing R v SE &b
150ptionally, said active beamis fused to said
assi.ve beam ionally, i d . active beam defines a
P BT s e e b et Fouy P prngy

el ectrodes, said el ectrodes being connected to said
control circuitry. 200ptionally, said thernoelastic
matCPHPRgly j saidagivebeap istthissthiq il RgPsOsP&Bnpr i si ng:

titani um

Optionally, said active beam defines a bent current path extending between a pair of

electrodes, said electrodes being connected to said control circuitry.

Optionally, said thermoelastic material is selected from the group comprising: titanium
nitride, titanium aluminium nitride and vanadium-aluminium alloys; and said passive beam
is comprised of a material selected from the group comprising: silicon oxide, silicon nitride

and silicon oxynitride.

Optionally, said MEMS integrated circuit conprises a silicon substrate having said control

circuitry contained in at least one CMOS layer.

In a twelfth aspect the present invention provides a microfluidic system comprising a
MEMS integrated circuit bonded to a microfluidics platform, said microfluidics platform
comprising a polymeric body having at least one microfluidic channel defined therein, and
said MEMS integrated circuit comprising at least one thermal bend actuator, wherein said
microfluidic system is configured such that movement of said at least one actuator causes

closure of said channel.



nitride, titaniumalumniumnitride and
vanadi um al um ni um al | oys; and sai d passive beamis

w@eowpnsxset of a material selected fromthe gr oREI/AU2008/000881

5

conprising: silicon oxide, silicon nitride and silicon
oxynitride. 250ptionally, said MEMS integrated circuit
conprises a silicon substrateJgaving said contro

Ci IOpubially, safdnt Rhesk thdimal beh@ aGlat@MeasiMatdlvayerrespkdliva moveable
twel fth aspect the present jnvention provides a

mi dPgF seRhdha a@%%@% 6H%WW§“W@1%MWEWBmPﬁﬁgﬁﬁgF@dﬁSMd

Ci h&pbdivbpnded to a mcrofluidics platform said

m crofluidics platform 30 conprising a polyneric body

havi ng at | east one mcrofluidic channel defined

theypabihily 304 & rqS&EM%dhﬂk%Q&ﬁkﬁgn&h&f&hﬁm&gﬂﬂ&ﬂS'ng

at l'east one t erna nd actuator, wherein said

n1crofIU|d|c systen1|s configured such that novenent
%ll?ta %&@ﬁ&ldl ?FJCU&EB% Y I%scémplwe%ﬂ&?\ﬁﬁfch ﬁ%bﬁhgured

ona sai east one thernmal
be ra@bhamt gwvemneng sf sa@s‘mgwa@wdwatdhmamﬂe@peplaifmel qapseeelbjuee of

{1 0991 SH By LinACIHRNT 20, Sgled gL ™8l bend

actuator ca respective finger.

105Cpt|onally, said finger |s engaged with a wall of

sai.d .mcrofluidic hanne d

S o cufheBk pi et Rerd N R s T RRR Ao R et bt hfior.
configured such that novenent of said finger tomards

sai d .m rofluh@L.s | at f orm causes cl osure of sai

ch%’ﬂ%rra Ty g THTTRYHTTA &S A5Cqding 1o B%\Pfﬁ%f’f“ 13#“8%8%‘3’6“\%?@““1”

Oplof @BAabl¥ fing@é ebnfRVeMBNtlinks ppfigMiidgany deact uation
of said thermal bend actuator. Optionally a

Byicrofluidic system according to the present invention

25

30

CORibSil1PGaid pRh i it Qb miRMR AR Gyifh NGBES cﬁeﬁlﬂéﬂdgfﬂﬁe@% said
as a linear peristaltic punp. Optionally, said pu

np
i n PPIYEEHG Rody ohsAnEA FhasAcl wpensraing wih rad Mickralicdq channel such that
d efpire@ﬁﬁzﬂng s @bShrBOYIRI W fth PARYrol A &R 'ﬂin%ﬁlhg 89&1@@@' said
cooperating wth said mcrofluidic channel such t

pr édegotyigic gepnsei d control channel with a control f|UId
causes pinching closure of said mcrofluidic channel.
Optionally, said control fluid is a gas providing
pnélptranally, seidrepntgll fluidris agds iprpidihgpmonviatiic onttey abr aligui¢ providing
co Optionally, said at | east one therma
beng&%gcﬁgtg¥ is positioned in a MEMS | ayer of said 25
VENVS |ntegrated circuit. Optionally, said MENMS

GBI L L BRERGR BuPl LGRDOFAPE S A0 s

300utMe iadgdrated Graid MEMS i ntegrated circuit conprises
control circuitry for controlling said at |east one
thermal bend actuator, said control circuitry being

Copabi@d, shid MIEME easdtrat@N@rcGVESMrayer silebn Sis@hte and said MEMS
substrat e. Cptlonally, said MEMS | ayer is covered with
a FOPYREIMEd prspisubstraie.

Optionally, said MEMS integrated circuit coniprises control circuitry for controlling said at
least one thermal bend actuator, said control circuitry being contained in at least one

CMOS layer of said substrate.

Optionally, said MEMS layer is covered with a polymeric layer.



27 Optionally, said polyneric |ayer defines a bonding
surface of said MEMS integrated circuit. 50ptionally,
waa00d/1gskymeric | ayer is conprised of phot opat PEr/AERI08/000881
PDVS. Optionally, said polyneric body is conprised of
PDMS. Optionally, said thermal bend actuator
conprises: 10an active beam caorprised of a
t hernoel astic material; and a passive beam
mechani cal ly cooperating with said active bea such
th§F“WW@%Sﬁd@ﬁwpﬁﬁfhV@“%%%%é80¥%%5ﬁgﬁmﬁﬁ%ﬂ%¥%£h€nﬁgéﬁﬂ
t hgiragt i ve beam heats and expands relative to the
passive beam resulting in bending of the actuator.
150ptionally, said active beamis fused to said
sPaglivRD M po Rl ORgLiYeonPald APhdYRuDEAR Pisiknes a
bent current path extendi ng between a pair of
el ectrodes, said el ectrodes being connected to contro

Ci lehMbddiy, SRMofAREE AldyiObnSRka APHNAL OF - 20
Cpfﬁbnéﬁyﬁf’£g§gﬁt%ef#6e%g§%Fc natgg%al is selected
fromthe group conprising: titaniumnitride, titanium
3l WO A Bl 1R ANRMIAL um ni um al | oys: and
sai d passive beami1s conpris of a material selected
10f rom t he gr auopctoe ivgam sinmgisedsiflaiticomodasiid mategil| andon

itrid d sili itride. 25 Optionally.
i crof tupdi @ ey S EEBhEHG S pRE PR SR PR b ragh such tha
whi ch | $héh aldfted @v/passed dirouh Meikcve hetia) thdavalh /Ssdam HByts ireim

TAS) . In a thirteenth aspect t.h resent
oot i st s Ra iyl hRETE Mets Beding b PeRiBat g ePHy a

30 pneunatic or an hydraulic pinch valve, said pinch

val ve conprising: a mcrofluidic channel defined in a
L3¢ ofpripngy- sgigdgtive beam is fused to sgil nagsivedeah| e cont r ol

channel cooperating with a valve section of said

m crof | ui di c channel such that pneumatic or hydraulic

pr EpEpRally spidgptivsbeap defingph bnbruriehinifiedxteading bgween a pair of

' nfeie@t}dd@s@, Qb el%&fo%s%%ﬁltgrcglllnegtg@{?or&%htr(ﬁQQGD@&%M&QO@&Q% e

of said val ve section, 28

actuator.

20
Optionally, said thermoelastic material is selected from the group comprising: titanium
nitride, titanium aluminium nitride and vanadium-aluminium alloys; and said passive beam
is comprised of a material selected from the group comprising: silicon oxide, silicon nitride
and silicon oxynitride.

25

Optionally, a microfluidic system according the present invention which is a LOC device

or a Micro Total Analysis System (4TAS).

In a thirteenth aspect the present invention provides a microfluidic system comprising a
30  pneumatic or an hydraulic pinch valve, said pinch valve comprising:
a microfluidic channel defined in a compliant body;
an inflatable control channel cooperating with a valve section of said
microfluidic channel such that pneumatic or hydraulic pressurization of said control

channel causes inflation of said control channel and pinching closure of said valve section,



wherein said mcrofluidic systemconprises an on-chip
MEMS punp in fluidic communication with said contro
W@ b@oansds4t or pressuri zing said control channel PCT/AU2008/000881

Optionally, said valve section conprises resiliently
coll apsible walls. Optionally, a wall of said contro
channel is engaged with a wal [280f said val ve section
OptwiheRal shivl misbHbitlicR G fonfiseh 4 WARhIHANENS PEmA inMEES Ur €
in said control channel, thereby opening said val ve
se G‘t"l?“@Hm“{t}Sfl NCLETR Wnuph@a’i‘ﬁe& fop Plleﬁﬁu’a%g ?%‘toéﬁ? SBEBFi n g
to the present invention conprises on-chip contro
circuitry for controlling said punp, and thereby
coftPrenly rigid yRrlys sreBomfonpEpey Iepdiclidy cdlapsitdnvalls.
5150ptional ly, the mcrofluidic systemaccording to the
present invention conprises a MEMS integrated circuit
bokEenaly, avati of pod Fentigl dhanisi kehgneed Wisag galhplopidfvalye eictien.
pl atform conprising a polyneric body having said
m crof |l uidi c channel and said control channel defined
t hélpgpmully ssheltisgd it sadE® micesgs apreshusiin said congolrpparingl, thgreby
sah%ml M@ng e, Optionally, said MEMS punp

es a ura |ty of noveabl e fingers configured

l0as a linear perlstaltlc punp, each of sald flngers

bei iate

o Be BTG BBkl e P RRE L R ke s Ry gr-chiv
eacbntiol agalrydonhirdise @Aidaapeaiditvechy kentrllingl@ndke of said valve
actuator. Optionally, said MEMS punp is positioned in

a MEWR™ ayer of said MEMB integrated circuit. 30
Optionally, said MEMS integrated circuit conprises a
S|I|con supstrate and said MEMS | ayer is forned on

Os ail Bligtigit hapisroflushy pfep grrdige o élé?l FICSRRERS SR gRtissy 2 MEMS

Ci ﬁrﬁégrétecp&ﬁﬁﬂt b&RISd ©ANhiERkIuiick ﬁldtf&rm( seﬁ&ﬁnc@&fﬂﬁcﬁ&'ﬂldﬁ@ﬁn
said thermal bend actuators, said control circuitr

be PP IohEIriE hodythayiag said peooidisehearpd andspidggntepl channel
su Q%ﬂe@k&renﬁ Rt dRNaEMS in htgd B@@ c!)lﬁyl‘fsﬁné s§1d§@133‘1@§ %ﬁimp

with a polyneric |ayer. tionally, said polyneric
| ayer defines a bonding surface of said MEMS
sol ntegrated circuit. 100ptionally, said polyneric |ayer

is conprised of photopatternable PDVS.
Optionally, said MEMS pump comprises a plurality of moveable fingers configured as a

linear peristaltic pump, each of said fingers being associated with a respective thermal

bend actuator for moving a respective finger.
25  Optionally, each finger comprises a respective thermal bend actuator.

Optionally, said MEMS pump is positioned in a MEMS layer of said MEMS integrated

circuit.

30  Optionally, said MEMS integrated circuit comprises a silicon substrate and said MEMS

layer is formed on said substrate.



Optionally, said conpliant body is conprised of PDVS.
Optionally, each thermal bend actuator conprises: 15an

wa@ewnasesheam conpri sed of a thernoel astic nat ePCHAD2@R8M00881
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a passive beam nmechanically cooperating with said
active beam such that when a current is passed
through the active beam the aotive beam heats and

ekl ShidMNELS tdedriie] @@ﬁﬁ bc\f@ri@@s&ﬁhu& eElitry fogcdnitolling said
of the actuator. tionall said active

n

beébrﬁ“ilg bepgkasyaler, %‘@nﬁ%@érw Y piagmionted B s, OH%QM@S layer
passivesubBgam defi nes an extent of each finger.

Optionally, said active beam defines a bent current

pat h extendi ng between a pair of 25el ectrodes, said

el @it RAe SRS @é}@ﬂ@%v@fézdt\x@th%%fy%hc Pal_yércu' try for
controlling said actuator. Optionally, Said

therm)el astic material is selected fromthe group

CORPb AP Giapbh AU AL IS boldif AEHD LU Thicgrated

aI um ni um all oys; n sail
pasgfute beam 30is conprised of a nmaterial selected
fromthe group conprising: silicon oxide, silicon
nitride and silicon oxynitride. Brief Description of
t h®pDomally rsgid poBeric layerEntvogiriselintf phadpattbreatr BISMNt
invention will now be described by way of exanple only
with reference to the acconpanying draw ngs, in which:
Fi @priesll}Aaid csinphinabdal isodongriteddPDM$g system Figure 2
shows a partially-fabricated thermal bend-actuated
i nkj et nozzle assenbly; 5Figure 3 is a cutaway

pecpReslly vaciohemaCiapbatfst comkjiet: nozzl e assenbl y;
an active beam comprised of a thermoelastic material; and
a passive beam mechanically cooperating with said active beam, such that
when a current is passed through the active beam, the active beam heats and

expands relative to the passive beam, resulting in bending of the actuator.
Optionally, said active beam is fused to said passive beam.
Optionally, said passive beam defines an extent of each finger.
Optionally, said active beam defines a bent current path extending between a pair of
electrodes, said electrodes being connected to control circuitry for controlling said
actuator.
Optionally, said thermoelastic material is selected from the group comprising: titanium
nitride, titanium aluminium nitride and vanadium-aluminium alloys; and said passive beam
is comprised of a material selected from the group comprising: silicon oxide, silicon nitride

and silicon oxynitride.

Brief Description of the Drawings




Figure 4 is a perspective of a MEMS m crofluidic punp
with a polyneric sealing |ayer renoved to reveal MENS

W@l 2000/0 525347 Figure 5 is a cutaway perspect iR€er/ali2¢0Be008s1
punp shown in Figure 4 which includes the polyneric
sealing |layer; 10Figure 6 is a plan view of an

alternative MEMS mi crofl uidic 3punp; Figure 7
shows  sphpimhéadflie ResBhtGivehdida viil asw Bk aésEMembg Rely 8f example
VENS |ntegrated circuit prior to bonding FI gure

8 SRBWSSERBRRSP BERFPIEALYIn GHaSed S devi ce

CO”DVISF@QmﬁL@Qﬂﬂ§Q ?h&ﬂ&ﬁddvl i¢sed at formand MEMS
integrated circuit; 15Figure Shows schematically a

m cr of | e @ shvrctpayiily-&0rigned hermebben]-agpie ipgjctgpozzle assembly;
Sm crof | H%ﬁjﬂe 8%s fpéu@a{\xrﬁ &)Qﬂsff@c{ntb s ameﬂe@ ﬁn%ﬂ:[ al.ed agshﬁlﬁH' t;
Figure 10 shows the m crofluidic pinch valve of Figure
9 in anligyen iporirpraie oR YliMS migrodkhgspuanp with a polymeric sealing
muk 1. rising a plurality of
m é glgliél%%dg@%:vﬁagﬁm fg/éé]gcgpas shown in Figure 10,
ar r angebigim 53eq ¢ugsyay PoFpeglveert IR pyhpwkoven inibeguef4 whidh includes
di an open position; and Fi gure
13%§ﬁ{a§gbgahyg%h§?1U|d|c di aphragm val ve of Figure 12
10in a cIE@aﬂ6mD$wm10ﬂwoﬂnnﬂmm@MwmﬂﬁdSmmmnﬂmdmmumpe
I nventi i dance t he r
i cr of P g sty BEh HARGS ARG S8R S M Silavsenypo
|ncﬁhﬁqﬁbtmt%ymngale m crofl uidic systens or
structuyres ar struc ed on a mc scal e and
conr 1 seg S Babr Bt S e P A RO Ra G i bpnded
W dlifrondidicegsfdriand BPEME ink@RQdriresions. The
m crofluidic channels usually have a width int
15, ange of1gyre 9 shoyes sH.Iileét}an?%ly aqnicrofygic mnep 65}%&: falirlcateg @@ bonding a
M Gli@BFuidics plARPMWidkIMBMSIntegrdedcifuy ons or 5 to 30100
m crons. Mcrofluidic systens and devi ces are
t ypi cal Yigure A ahomes tsrmigeeraidicpinch vl iptd ighia b i anjopen gepition;
I ess t hﬁ@ul@@@%ﬁow% QAR ABAALAH BEFee cbﬁ’@ﬁmﬁ?@ﬂuﬁ@g of microfluidic
nanoliters, less than 10 nanoliters, |ess
naloich vayes, 4sghavnipdrguncold). prapetdi méfrrses,or | ess t han 10
pi colit ~ iy g f
08 ot et R 7SS S GBNET iaplifh SA W SheH i S
usualIyFQWEﬂhéuwﬁMnnnmmﬂuﬁthhmhm@mwaWheﬂﬁgnsé2umgﬂxﬁi
ha%oﬁﬁ&ilar di mensions to a

Detailed Description of the Invention

25 For the avoidance of doubt, the term “microfluidics”, as used herein, has its usual
meaning in the art. Typically microfluidic systems or structures are constructed on a
micron scale and comprise at least one microfluidic channel having a width of less than
about 1000 microns. The microfluidic channels usually have a width in the range of 1 —
800 microns, 1 — 500 microns, 1 — 300 microns 2 — 250 microns, 3 — 150 microns or 5 to

30 100 microns. Microfluidic systems and devices are typically capable of handling fluidic
quantities of less than about 1000 nanoliters, less than 100 nanoliters, less than 10
nanoliters, less than 1 nanoliter, less than 100 picoliters or less than 10 picoliters.

As used herein, the term “microfluidic system” refers to a single, integrated unit

which is usually in the form of a ‘chip’ (in the sense that it has similar dimensions to a



31 typical mcrochip). Amcrofluidic 'chip' typically
has wi dth and/or |ength di nensions of |ess than about

WG200811535¢6s t han about 4 cm | ess than about 3PCTYAUR®S/E00881

than about 2 cm or less than about 1 cm The chip
typically has a thickness of |ess than about 5 mm
| ess than about 2 nmor |ess t3han about 1 nm The chip

mayypael Immm@;i mlc@ﬂmﬁs cMf §pibalymas 61.dtk5;§1bl,©hleﬂ almensmns of
gl ass sli de, provide it wth structural ?Ildl

andst @B%‘ﬂ%b%%m s e At less dRARaBAHL P et gp about 2 cm, or

C oMY {hgLHHoANECRITHIRAIB tyPi@lPhdsitdbigeGRAMREHE A6 LR/, BEs than
nore m crofluidic devices (e.g. m cropunps

mi @b & Myker Tess d)an Al avirihe eiH vy Be BIPRING: RggrECeHpstrale,

sdeg@h a@@%lat‘sesﬁlgé b ﬂr}ﬂﬂﬂg@'vvlltﬂ stk hildi it hind RBustRGUi site

suppor t Systens (e.g. control C|rCU|%ry) for driving

mi cr of | dind¢refleidio sysessn fypicallyeconpeses e arguse wieqiluithy eiapnels and

th r

of 7 S IR OUER ot BTl i e PRI

c hantreflgdia mhtcors daicobaf Hersiindty picdvoutein, allwivi requisite support systems
29% chRRR 'fl'ré(u&ﬁ %& fdﬁ%ﬁ% %B‘ctrc?ﬁl{‘cﬂé desv#‘df%P %htﬁe s3y¥t§}ne”5 for

tion ontrol

1OCI rcuit A;/uml berpin, thé tBrImf‘linuerﬂuEh;:s plagiomo rrnfersttqppkaeid)myof for
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have a r.i.c body for by, soft tho

R Bt RS RS, bRGTRER P feds abdb IR AR o Res. which
f onmlipadatly edquiges bolamari@ppdti stystaﬁé o Opecatioy set £ wTfadipqiudipn @ff-chip
to the resent Y, nded m roflw ic s

Lot SRS e DR OB S G S SerBRp Bamea by
an sbinli@edraghe dA St dmdppaed, 4 @ice ideds §fat inglingys form part of a
platformvia an interfacial bond. Typ |callﬁg a bonded

m @P’&Pfl qidpidy sisiem areadipg By EYG%BWEHP% Biird amerpBridic

PadhsGadord IR ekt cR@INRBG Il @nipRte@riAt &tked circuit bonded
CIFCUIt and t mcrofluidics platform

20 tm%l@lcgrﬂuah@wﬂ%ﬁ@rr@ via pomigagiplchead.glygicalla apprssd gicrofluidic
M Gy @dnl ks %ﬁlléaé%ﬁﬂﬁauééedﬂ%allnwﬁan&a@é‘mhﬁmﬁca%ﬁ RWs&dnd 0

i ndi cate the scaling of si %e or multiple |aboratory
pr otessdedscigoivend tbe eivrgilufdssmidlomA LOC devi ce typical ly

COMPY | SQ81 AL AL 10 Ofos L EOLLHAL i FRAPR Sy, Generaly.

mcrofluidic c ers and mcro |d|c evi ces
m ¢OSpisApsn usidde oMkt ds setling pf si\nglmrdmdtlﬂic)tamram’a}w@ms down

S
P T R AR BB s Rlpn s sl bR i g
pr ocesBedic mlhundalarseantablhoeofhhrhﬂd@ades @rg. hnmomcb;mgnps; abicrovalves etc.)
anal ysi he m _cr of | syste ing to
the pre ek@n%{mtéh‘%‘i‘%ﬁ“rﬁﬁffe ey*é[%&? %&?‘?I%npi gfcc[aégﬁ@f'%é
Th @pd@ﬁfc&l@fboﬁfigdrécﬁﬁ perforinn&e@ichcef ldb paeesaP@itien@ble chemical or

deS| g ecific architectures for LOC devices (or,
@gﬁ@wa Yp-crof | ui dic system) tailored to a

par t i CUNAY of the microfluidic systems according to the present invention may be a LOC
device or a 4TAS. The person skilled in the art will be capable of designing specific
architectures for LOC devices (or, indeed, any microfluidic system) tailored to a particular
application, utilizing the present teaching. Some typical applications of microfluidic
systems are enzymatic analysis (e.g. glucose and lactate assays), DNA analysis (e.g.
polymerase chain reaction and high-throughput sequencing), proteomics, disease
diagnosis, analysis of air/water samples for toxins/pathogens, fuel cells, micromixers efc.

The number of traditional laboratory operations that may be performed in a LOC device is



30application, utilizing the present teaching. Sone

typi cal applications of mcrofluidic systens are
wepwynsaset anal ysis (e.g. glucose and | act at e BEFAYS)0$/000881

DNA anal ysis (e.g. polynerase chain reaction and

hi gh-t hr oughput sequenci ng), proteomnmcs, disease

di agnosi s, analysis of air/watier sanples for

t oxirelyprhilegema thef pi@kntG@lechiSon i51hdt ligieX @agy firGeulakRpplication of
nunber of traditional |aboratory operations that may
be PP RYiFEEcinAlo8Y-L.OC device is 39 virtually
limtless, and the present invention is not linmted to
any partl cul ar appl [ catl on of mcrofluidics
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of the nozzle assembly and are connected via respective connector posts 119 to a metal
CMOS layer 120 of the substrate 102. The CMOS layer 120 contains the requisite drive

circuitry for actuation of the bend actuator.



30 conduction path between the el ectrode contacts 118A
and 118B. The el ectrode contacts 118A and 118B

w@e@pssit i oned adj acent each ot her at one endPGF/AUR®BS/000881
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to its quiescent positjion, shown in gures 2 an

whi ch SRR REHRo B HaTeeio st o VSR B feantly

Ves bratidndf E@%@kz‘l’hea%&nfb@}r 100h&s MRXibe@if0S A@ﬁhcat": dnONa.
oregoi n reci ated that the

e W Y

30| ay&ria gquﬁlil%% ﬁh@qhﬂ%l&wé% awﬂsp?%wledhmv%he integration
n o%fzép@n ﬁ‘%f%hﬁerﬂa@g: pIANES 68 ¢ MIDRS fa'bﬂcalt'f§n @@Qésb Rk 'A‘ﬁﬁhcant has
No. /946,840, the formation of | ayer 126
is dﬁﬁdj@%@)gmameé\@w&@tgﬁattqn@mcw eﬂghatlg Iemtomttes;@qb FHWMS, which

h P
P %agg@ glg%? fise 15%@ WS%@&@Y’%@S N Eﬂoﬁ&hwgﬁev@cfe‘é’&rﬁl%%tems

fabrl]mwli’wspmoﬂ@me@temlmbzlwg phot opat t er nabl e PDVES,
whi ch nay be nodified for use in a plethora of
applications. Mcrofluidics devices and systens
utilizing PDVS are described hereinbel ow.



34 Mcro fluidic Punp Figures 4 and 5 show a

linear peristaltic punp 200, conprising a row of NEMS
W@l as2s47 each of which is simlar in construck@CDAULMS/000881

the thermal bend-actuated inkjet nozzle 5 assenbly 100

descri bed above. Figure 4 shows the punp 200 in

perspective view with an upper3d4PDVS | ayer renoved to

reveal details of each MEMS devi ce. The |inear
peristaltic punp 200 is forned on a surface of a CMOS
si Miggfuidigdmpat e 202. A punpi ng chamber 203 is

def i nedriB¥reds RA0f shdP4 11802685k AR utnpf00 PoinbBsi SUPS W AMEMS
202 and gldGMﬂ||S 206 extgndlngﬁ?rgn1the ?oof to the

sul8Yicat caclpgavhichrsipdarin ogatraghan &3 ta@méumaébemfzeteat@& igkjet nozzle
sty Qés@fﬂt)lly)l 06 QPHited @bVl Figird I GIRRYs Ol Iﬁiﬁl 000 f ebspQffive view with an

nitride and are constructed u3|n Pa brication

pr oekss EDYRYsy rﬁms)V@Cthtr%@alpk@d%@s%@)eMEM%@ﬂl% n US

Applic

205 t et AabBerishble pitp A1 rormed o R RUTR AR QMG subsuac

| 0RGE- thuphinimangl opaibledr @BEH dafinsd ip 2 iravif 94 @@@dan?dt faomp lesubstrate 202

0 Uta%(? %1 dewa gs %Or%seg?ép? }ll\%frl)lg _j[l;} rgtﬁ“r t? Hl% ’sul%ﬁ%tle ggﬁ.@'ﬂé H)l £ £04%8§ sidewalls

10an d%iaré eygprcal 11y eonipﬂdedtccﬁ sﬂ.lE(brfmnq@umplhmﬂ etidd 88 avé @nstryotepsing a
t channe ed thro t
G ot S0E PSks el T R e SR R P ion o, piggssa4o.
204 of Thbeuppiipéagbetmabinaes BOByrmat avdlompResinnel eemddlhg)

t he pu inlet 108. This rra enent of i nl et 20

b PR bt g B D erd ERT Bt Dyl s G FiEure 4, he
pr euinglinhg 208&Hs |d§!f1ﬂeﬂﬁr€zgﬂ(air @dz ke Slewikehadser d6B &l akr&ﬁh is fed to
bel ow. However, it be appreciated that in

Lpr Siduep g lfg V’taﬁé’uﬁ@ Flil%ttcg?“t“?kzlédﬁfﬁle@ é’éo"r%)‘zhefélcﬂ%wsmw The
anyuspbh@Pb 1) i@ BRI RNENo00I04R8 IR plihi@h cifbeOrB| flan opposite end
provi ded t hat &erlstaltlc punpi ng flqgers are
pos thf BHBRINch &Y% bbis wewngement of pyninyplee2(d and ByPhe ichel 0 is

up Qﬁ‘ermfP %ohﬁgﬁ%d fﬁgﬁf@%gﬁg flﬁg(?ﬂ@grﬁt@(f £6CREVESR Lddidsiifbed below.

punpi ng fingers 22 rranged 1n a row and spaced apart
al dlogevdigt Wg‘rimapnré@mi thetxrl dnbrogresitipya, mrppm@]tl%mrrm?%@ may
20 i | . .
R L S I T DR s
th@ngUﬁpﬁngmanM@embﬂﬂamby thernal bend actuati on.
Thus, [ .
act aat OFE R ARL e Ebbef PR IRRR ol o 3G er AR ponyine
Wi tfingas PAssianged heammw2dd speﬂ:’gcpapaalaloyg the ﬂtelgmlﬁllna\]/extmeeaﬁhe

222 f t 224 d
2 Bk 05 B BT RSP B
2530°The fhasdM0 & heainlidd th(Spmlﬁihl@ dhymb@0®bly hErniahieend aceation.

material as t roof. 20 the finger 220, i .
oy, fish MRedsnS f@rs e iy PR n peb LR fuck g Rorer ppctive

| S bekeh pIPR@ofiatial weth @hapve @@ﬁxsw:uwypi@mg\/lih@cha@lsdaﬁlazzlz @fused to
The active beam 222 defines a bent current

pat
exthedshig beER nefe Andiihp Bast viheam 22 feigiga th Sﬁf"&@f %aCQ pgving finger
keepi.ng with the inkjet nozzle assenbly 100, the
active beam 35 222 conprlses a pair of arns
30ext endilhg PEssigabsaeséddt yspdlydpaicd b e sepsinaieiad a%tizsroofr%‘ and

ar i f E%gr BH & s?r%{?zﬂ&ﬁtr&ﬁi tRYodf lB? h E)el‘fjrhect&%lap Qﬂﬂ hRY ilefined by an

conne
etch process during MEMS fabrication.
The active beam 222 defines a bent current path extending between a pair of

electrode contacts 228. In keeping with the inkjet nozzle assembly 100, the active beam



Each finger 220 extends transversely across the roof
204 of the |ongitudinal channel defined by the punping

W@ b@ohsas4203. Hence, it will be appreciated the€T/Ay2008/000881
controlling 5 novenent of each finger 220, a
peristaltic punping action may be inparted on a fluid
contained in the punping chamgar 203. The skill ed

peagpébmp'risés akiﬁlr@‘f\@ﬁ@ 20§ edtdrap@rfropfreipstidle kieCrdild @PBacts 228. The
npl oyi ng a simlar punping action, as described in,

f o@r%@%ﬁ%onr@s‘e@é&%ﬁ% dipg) ends bygeromiegling emiep dilant s of

whi ch afen R@IEIID kREQNRAGREEY al¥ss i8S B6E18 S (eI fiRlina®Ehannel
each finger actuation is provided by a CMOS | ayer 240

i n defied Sy feosmrine shver Aletlome, it wldigappreristedilidy sontrolling
5P QY Emeht bBeath ﬁ@e?@ﬁ)cﬁ bé{’%taﬁfc phﬂlgmg ld&p)n% bl ﬂﬁﬁa&‘tg('l bda Al

upper pol ymeric sealing |ayer he punp

20Qontangslin hrpymping @la?glrbebfﬁ@ biie skilled perpryeyid bQ 20arg f linear

re 4

2 ARl PR, B SN LB UEE R OB AR LR, s
coaenitNr 450%7102thd conigritsodt wanichendsrdir nperpdrateONOS drayer |

t hrou o

el oot raub g ST PAR KL R EORpAPRRTY 3 BN PR o gy icon

10t heulseae 33 shownom Frgmte SaHigume ISIIS/EpﬂIfﬁchILVIe of the panp 200 including an

act uat i each fln

E hanR RPEE e R L G rpRE Bl b B R g one of he
dr IfM@r@MOQU kdveat pfu@bf fﬁ[ﬁéthliﬂM@S ldybre24purie, CMOD$ heert240 bénnects with
need f iV ext of f - chi . On-chi

ot aSag P2 Rl e B e T et Rab e CMOS layer,
ac @abehihig: didwhike20p! Sdenbts I\xnﬂziel’ﬂaldl&ﬁodel\daﬁt@avﬁfe, CMOS layer 940
contrast with peristaltic nps bui|t froman arra

15° Qg ybihs bty Feieb b PBoR U it e 20 Hence,

7, 3%RBip z&ﬂﬁrlsn{ghﬁe PUA203Q0ntAaeA1 @feqhiSiftoh ol ARY dr&@RirEiry for
fluid (e.g. air) to drive the peristaltic action.

VWh @faae topse: Wighot (B nqed ey aph e of ehicantglyayehip gengrol is
r eloh@(sﬁth@davzflﬂtégegoﬂ the FanfPIN0 LOlor ENABRR! prestfitii Glindpast  be

suppl ied external Iy, the nechanlcally actuated punp
200 i s Mapavgr, edontrasoita pevisthltimy Mokt from ap e ¢feQugky” valves

ex Py , ty, r u
PSRN BBAESE 05U S, 97 Ay ot
Fi gug eirblo drinethp pénstadiid actige él\fhewgs TQuyler vaA4S ({rdytyirehel ‘Qyake’

t 04 R
outTap FEg R B Bk Publ b il OBy,

t eafenhagicelty-analed pomp 20is ﬁMbr%lfdasmnédtnad doas nbiSequire any external
Appl at on urse t he pol yneric
oD E s Pnale Rt Frdranti Oy S B TE Fertl us o

25enabl e Retweipeiahin 0 Flgaels the p(gﬁheri}&@aldlg NdyogR4a Gy pidllyadrDMS) is
Th olyneric |l a nC| royides a 30 .
g e RN S i R PR il A T
fi fgeicatdd Gchilbibes ahaffdgo@ﬂ@\lho@@&es&lﬂ@ﬂ ﬁiteshpmﬁadl@yw 1L053 440 Of
each thernal bend act vat or .. Fur t her nor e, provid

an ‘PY&al eBBIﬁHlF‘ﬁ‘gla‘éfﬁ AR SEHFICHHNAY guae f\/@%ﬂ‘ﬂsﬁ? é’éﬂbg’t%ﬂ ement

Ci bEstch fiRQIPIH Guring adchRioR1 1GE PhlybkbAd Gy U@prz&g)aﬂﬁp@wdes
conventional m crofluidics platforn1forned

of t
301 i tesipnispiipal f@lﬁhee@rlaﬁ%aapo%% aronehech Aegsg 2t é%r al:sp tptqy}dﬁs a

wi tpl:l)té%tive layer for each thermal bend actuator.
Furthermore, PDMS provides an ideal bonding surface for bonding a MEMS
integrated circuit comprising the microfluidic pump 200 to a conventional microfluidics

platform formed by soft lithography. Integration of a MEMS integrated circuit with a



36 conventional LOC platformis a particularly

advant ageous feature of the present invention and wl|
wheoodaesxswt bed in nore detail bel ow. Alternati vVRCIVAT2W8/000881

fluidic Punp 5O course, the punp 200 nmay take many

different fornms. For exanple, the nunber and

orientation of the fingers 22@6may be nodified to

Opfcbﬂﬂeitﬁ)nﬁlh&)(pﬁlﬁﬂf@f tnak & b&ti QUF a0 GanBiG Edu® Reatufdistihd e sBRWAvention
to Figure is shown in plan view an

aIP@?WQUﬁﬁ@“PP%EQP“B%¢¥%ﬂ§FW”c punp 250 enpl oyi ng the
sane operational principles as the punp 200 descri bed
above. In Figure 6, the upper polyneric |ayer 242 has

be &¥ernativo Migrafiyidiclemp  t he 10i ndi vi dual fingers 220

sand t heyrRuimi g pﬁﬁ‘@ Q@@ﬁlayzgﬁe m!ﬂﬁl JiftGerdt W-RE 8% §xa9ffple the number
clarity, Iiké reference nuneral’s have been used to

deged privataripkef thefinears@d0 may @gqhéectsto optimize th§pesstaltiqmping

pu %10%5&&9%136& %%%Lﬁe BYARL ﬁgh&%@iﬁgﬁh vieQRinla ﬁtﬂeﬁlﬁéaﬁn

of a longi tudi nal annel . Pairs oppose |ngers

22 Qerstadtiquusipt250 pegloying theeamoerferatipnal pencghiesreb ére pROB 20Gdedcribed

TG LT BRGSO 0

row al on

10po |1mh\8d11abﬁ\wea§2& aigthe pahpihgoarbgmber@Dhdh thaxrit&exbsf oftchugity, like
chanber 203 eristaltic, punping
ot SRR e R R e S S S el
pai r. Dilidsn@e pumﬂm@ompm@s ﬁldn}}ﬁﬁlg ¢ambér 208 ngtaé fori@ya be

uat e uenti al | r ov e
DT ngfine SRS Rrprsn e 228 GRS tay Tube el
actchalibeODs, il REaeypf mgeﬂpaﬁ@ eQPd 10Agl@diPMIVTAL ARGV aléi the
descrlbed in, for exanple, US Patent 20 No. 4,909, 710.

ﬂ’pﬁ”}%ﬁr 2 pBalr PRSP ORI @ 6wk IP?%téfhnﬁé?“rs 0&@?
be c%ﬁﬂéﬁﬁ(%dsoﬁb BUhdxAHEOUS htistaBic ofab@ey sPRilhSeolPdttuation of
be partially actuated. The skilled person will readily

be balBIfiBe¢rpindgi P PP IPIFEL] IPRPSCHBHISHE Hhgerempiiepicrygted (e-g.
cy gé(ﬁ&tlﬁ%)ttg bf@)vfd@ ﬁw%@f@éta{ltl@[ﬁurﬁﬂﬁ% A& O Eou’rs@vzﬁﬂ/tsécﬁl@mce of

util |Z|ngt referrlngto ure6
t hectpijtiggemay mlpéﬁyed oPiimizg memplm@taaé@qqn@dpm@f expiple. US Patent

020%025 9®jﬂ0aInQU1ﬂpglg#pf1}1%e$y§ %erorcﬂﬂa 6He|fﬁ erglﬂﬂ'ﬂ%g% e aated

bet ween e punp and t e fi
conpritgesusy, vasore fagstrain 2BYbe Piktelly a¢tv@eds Yt date@ Herson will

co f

t Oq%]d rj ?ﬁ e%bge tg Q&‘Eﬁ%é otcd [;engﬁglglc BM]% ﬁ%c;’cls [ill rgtggglgﬂt of the

tommxdmuwhamnnnm¢m§08pumpaﬁ) t he val ve systen1254

further, optim zes.the ciency of the 250. .

At hough S UEpS B3t & e el ol e sl BB RS dpupg et 208
25Fi ghid £pbp dutilevd1D] Ala@preemmieeﬁsztﬂmteemmy pofip otee k1 vl we fingers

may, be used to r ov e efficiency of a one

puép@ CONIDBISE; aanlVF g?sfeﬁ[bfﬁél E Velswg 4oqx?mprlses a c]aj;tmé/l circuit 256,

C 0 WhEBis @iﬂﬂg)ﬁecﬂt@(iﬂﬁldhiég)a&lﬂlotvhﬂ fipldgRaNthe bitEDI) tORardPMe inlet

made reversible, sinply by altering. the sequence of
1 | Al g A6 RS e 24 WA oiglsp eppisiencigl he purip 250.

Although a very simple valve system 254 is shown in Figure 6, it will appreciated that any
30  check valve may be used to improve the efficiency of a one-way pump according to the
present invention.
Of course, pumps according to the present invention may be made reversible,

simply by altering the sequence of finger actuations via the on-chip CMOS.



Fully Integrated LOC Device Conprising MEMS M cropunps

As foreshadowed above, a PDVS pol yneric |ayer 242
WQe@oilsksd7 an i deal bondi ng surface for bondi ngPGEMB2008/000881

integrated circuits to conventional mcrofluidic

platforns formed by soft |ithography. This enabl es

integration of CMOS control cijrcuitry with 5

M @) Ytk died HOCI®Re Comprisindd My MOWRgsAnpg LOC deV| ce.
Therefore, a significant advantage 1s achi eved

obvi at i AyfortikAdRREdANOEY AEIEY PRAYMGICAEHI{S TESHSH 81 pcal bonding

SY StP¥B fRBEIMIMERS ifYShENSirculthio&BnvhGondSHRIJMidic platforms
requi red in conventi onal LOC devi ces. I nterfacial

boh¥eg Ph et Wkngraphy. dipenttlaiaFreBONs! AP ofmEplgireyiry with
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achi eved using conventional techni ques known from
rru Iath1¢V39/ by olpmIVBe digfnped for ¢x¢ngiad phghip Sorire! 6xstems |anﬂjwmg jystems,

lr 38 pﬁ/ﬁu@dﬁ%% 1&1‘& i(ﬁ@qe&c%ﬁson in the art of

sof |thog Typically, each PDMS surface is
expos edinteofacinl bordigebetpieasvananicbre D Mbmigofividiceatform and a
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ow a Si ce accor
10t h éroprrelﬂ&]ayer IPM/ES‘HOIftdmhqgﬂiYh}b Sufhabehincatsedllbs wal kmown to a person

convenil ona tec .
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SubsigdeaprsmOd thae oSt fdcaytemnd A Ogetieel bMiply idgay@sur2 6.0.

The ME | aye 0 conpr, ses crofluidic pu
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M eivehddainly®e ﬂ)ibﬁﬁbﬁecﬁﬁ% a&eﬁlvea@&ﬁl ADMIS HBRMY, te@lﬂﬁ]he A MEMS
conpri si ng@gilt&rur ality of thermal bend-actua

3¢ fiesrdedd ClﬁPb%?O&Plﬁ@ﬂsgs waisasapse 20, ﬁ-&l\ﬁ%s layer 240 and

actMINS 1456r O UIRQMEMN 14962550 ic6@priSauiEMENRrdf i Ighaipe d00. In the
circuit 290 may 20 conprise many hundreds or thousands

of SWEW@@@W@% mrw%%dwa e n¥spRiadio pgnps 200A anhZ00B are
NEI%@)V‘}I@&%B cgrﬁlg}lsin% a%%fﬁ[t?gf t‘l‘iérhﬁl tehg MR t{n%&% F’Q@f‘(}g Prow iding a

whi ch defines an external bonding surface 243 of
i nibegptaicampingagiiqn. 9fepurse, in praptieorngle NEEMhigfegrated circuit 290 may

1) CHBELh R o8 LGRS ST RS6b 250
m cr of | UiedVIEMSHaen2405s cavhzdiveth shedhvlp Fayen 292 ofHich dgiiges an
25‘3§t‘é}n21eo%ﬁdllé%su‘rﬂ§ef %?H&%Eﬂtggrﬂ%{%’u%ut Yygli cs pl atform 295

Quake' val ve 282
conpri sAmgnvantidnall rducmﬂoida:m nleiford 82D S¢oaperiatsiof g budyt280 af PDMS in

"ot Bl BUTRRGR RO on el B an GRSk S o
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9 be. f or ned vent i onal
| I t \ﬁﬁ 538 sag ééluldéc li%%]?\#“ CHORGF]aéln%FV{t agwbchannel
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bondi ng surface 281, in which is defined a control
| dPRIciHFdipa ay i lingerpions] quemntvidist Plare 29581y berfpgmed by

CO@I)ﬂV@htl(fnhltbbﬁi hthﬂlgﬁf)m@%@mﬁ’([h@s fa;ls kﬁo@n(mﬂlﬁ el inl et 285
are in id communication with heir respect

30cont r ol Wﬂh &30 Fdi> raisepiipidigp alatfwmq?r?éma%ﬁondma éuréasﬁ?%ln
fl Wh%h'l@(!le?ihec?aggbnﬁﬂq‘luﬁd 1H1eg2§3rhﬁ@ A %hld channel inlet 285. The control fluid

inlet 283 and fluid channel inlet 285 are in fluid communication with their respective

control channel 286 and fluid channel 284. The control fluid inlet 283 and fluid channel



38 inlet 285 of the mcrofluidics platform 295 are

positioned to align with punp outlets 274 and 276
wa@ledoonsas4i n t he PDVS | ayer 242 of the MEMS i ntRQOr/ATU208/000881

circuit 290. The two bondi ng surfaces 243 and 281 are

bonded toget her by exposing each surface to an oxygen

pl asma and then applying pressgre. The resultant

bo mmsﬁsmmicyoﬂuhdbskiﬂa&ﬂaﬁn boy e pdsit@fed OLBGT witeslinkKatlets 274
devi ce 300, is g ure 8. , In the.

i ma%(b%tdéanid@@ha @Wésela% 847 eliike MiifYpsinsgieted situitaPPed by
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contro over operation e I ntegrated evi ce
30@DMS wicmplualiaspiutfpine Thi phmpsail0 bay desp eithseebntrol fluid (for driving
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cont r ol Akinflckexadgledel 6w bedesatiow e 1'ﬂ1ﬁ1sua@mm®a1ﬁei 10DC déviide 300 may

Figures 1 the co chann s and
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t henisrafiv@ic 28@p 20026 b ihe cGRdI EHahnet DEUTEhe MiBO1UBlics platform 286.

pressurized wth the control fluid, a wall of the
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282! the HeideBgnnel 331 ¢ 10am thy vilye P&t Wign thegential ehagprl L8k 15287
fr (ﬁf@sg:uﬁgemmgéon?rglgﬂuld a wall\OF th@ ﬂhﬁechyrﬁ'elv’%4 %&%ll%s@@ %lch closes

a sanple fluid entering a second inlet
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so "be punped I nt vi a
f | ghamt@B28hannel s (not shown). Once all fluids have
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has elpap tﬁ% lehrg 2\%/2 OS%E] %ggl%h’a%ﬁ@ e?ﬂ:gngy%ﬁc%&f 15]{%{ T?:Z @mped
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th st ream sec of the fluid chan 284 .
t oTuP LR KRBT ARE b ARy &yl I thE EARITES o feg nuia

251 | lehesinélatresshoow. Dhe: allrﬂlﬁgrha{zeaféelh_mlid:evﬂt@ the Bﬁmﬂmﬁms and
NP e S e ey LN R0 “PHLTpsPIEis iimp 2004,
parhd gldhady fAy@mloddBro@ih th@@odqﬁfea@ﬁéébtﬁﬁ 0361{@ fluliBdhannel 284

external , off- Chl?g% nps and/or control systens are
nome@EdWV@Hwe?H@ ntrol fluid may be either air

(provi dingsiRPRURBHPIE iIQRkE Abw ae 1ﬁt@?at\é@t@@ &8 30Mca@provide full
I|qU|d (providing hydraulic contro the val ve 28
control over LOC operations via the CMOS circuitry and MEMS micropumps 200. Ttis a
particular advantage of the LOC device 300 that external, off-chip pumps and/or control
systems are not required. The control fluid may be either air (providing pneumatic control

of the valve 282) or a liquid (providing hydraulic control of the valve 282).



39 Al t hough the exanpl e provided herein is very

sinple, the skilled person will appreciate that the
WQEe@sasas4T nventi on may be used to provi de contPOI/AGL008/000881

conpl ex LOC devi ce having a conpl ex, |abyrinthine

array of valves, punps and channels. A notable

advant age of the present inversoi on is that it fully

conpl enBRfdglel Skdnide Srbled RO s @ sRilledddon will
l'i thographic fabrication of mcrof i cs pl at f or ns.

CbﬁﬂW@%mﬁwﬁﬂ@?WEWBVB§mBWH@ﬂHﬁH§“HﬁygwgkF%%H?0H€§WmhxLOC
f alagdicata@fle Y ebmifles Mo ridthihd AeyRP MM ves TRBSR afPEBRIH. onal
platfornms would require only mnor nodifications in
order t 0 np@bl adegiegs ddhg Messnti RenENIShaohiutlp Leraplpraentsemisting
5d e‘ﬂ@%chﬁﬁ@g}b ol Bsofifitho aﬁlﬁ@ Pbrié i B bRy rluilifds Maf-f&%s
fluidic Valves As foreshadowed above, silicon-based
VEMBmMple espidiggichrlafarmhbave already heendatirisied ysingtshi lithography.
: bl . )
usua I§&gggg%?ﬁnﬁm L%%?%%@mgg%&%ng}ﬁbag&M&% gi? ge
natiré¢grfa¢®n®uh¢1CM§)Ssqohtiﬂdbhle AO€ demimbr rEortidedy v esenthygyention.
seal i ng engagenent required in a valve. Indeed, this
[imtation was the primary reason that 15
10m Jicfofluiddi Wedvesroved away from silicon-based MENVS

l'ithogr nt o ft litho
pol yrer ‘g? Pogeﬁh dS .s1hcon—I9a cﬂ{)l%ép{lglﬁ?c q{)wre]h ggrgﬁtqlmltatlons
Apjid lihé: ﬁliﬂroﬂlﬂ(ﬁcsdﬁm]lﬂ)ﬂ fiedds eMldﬁﬁlmd?(DD@Je@ an ub@lly adsegiabine®C

into ve t| silicon-based NMEMS bri cat.i .
or o0l SROERERARl R Bar RO i S ErerioonABratpe
enahdagsmet feqmtddwﬁ a RAIGE, Ofdeed, dilﬁhﬁﬁ&dtl&fﬁ}ﬁvasl tBe p@nﬁp @@t@dhat
usi ng conventi gnal sil'icon- 20 bas VEMS t echnagl og

I voragodpidicsmeyed gapy, Bem a@%@as‘%deMEMSélt@gf @p o %Oftd‘lﬂ}ﬂ’lg@l’hy

SU@&kﬂeﬁc&%mﬁﬂﬁbbﬂknﬁMﬁh@ﬁﬁDN@n contrast with the
Quake' valves described above. Two t{ pes of val ve are
pe

descr i bHihease) Bopresnt Arnkigint hirelegrpitped hpe PRY ¢an pe ingrgrated into
abla%oﬁv%ntﬁﬁ@lcsﬁlc%@ bRbkd NRNS f&t)lh&ﬁoﬁ/ ﬁ{)&e@p tIthleﬁlSe LS ALY @lgs same
P Iinto a silicon-based MEMS fabrication process.
eaddehcdeey engigggffesirn miad TudiPpNBs spd cieatedwising cqwemtt@@al sﬂlcon
208U %{15@8 R/Ifgl\ff n%lo!g#r ANbreE ks f ?&%lvgé (!l Iﬁ)@féﬂ%ﬁeo&lte 1 fluidic supplies or
surftace, ace etc.) provides tHe seallng
engalg@hsmemﬂ,ec eggastyvithhe ‘Quelal vilvyg dasstibaibove. Two types of valve
Fur, .

{?giglgccqg%cfb ogxgtgnhomg%éﬁg a]%\ﬂc!:ﬁepsé\rl\skp g]l] 196::] a{é%agfé ﬁ(%lﬁf:lveo ?f many other
op wmd bszuuntég@tmg PDVIRlimioveedilidoy-basetl MHMSJ fabncaudepwtasaﬂ]h o1th

of a thernmal itsel f. cont

by B AR BE R PSP iR b S e PR, it
25Poloyide sirfacdyPOMSS dutti cecs) fohades ele sBgihe EiidapgndnOndeesgatly €orQ, valving

there i own a cr of i cS nch val ve 310

 ogfe) Rstrou Bsharhe ot & Bip DhofrotSilF o frarae, where

Pl ahdagémenddLopposdd surldeddss iiile8 By adr@ios bf Gkdthatidd 4f Hd@WinfaPbend

a surface | ayer of PDMS 316. The PDVS | ayer 316

defriHEgn yhich }Séisel%%‘HP]ﬂF& by 9peBRE™MAZ of the MEMB
integrated circuit 314.

30  Valve Providing Closure in a Polymeric Microfluidics Channel

Referring to Figure 9, there is shown a microfluidics pinch valve 310 resulting from
bonding of a polymeric microfluidics platform 312 and a MEMS integrated circuit 314
having a surface layer of PDMS 316. The PDMS layer 316 defines a first bonding surface
313 of the MEMS integrated circuit 314.



40 The MEMS integrated circuit 314 conprises an

actuation finger 318 constructed on a CMOS silicon
waewenszse 315. The actuation finger 318 nmay bRCT/AU2008/000881

identical in design to one of the fingers 220

descri bed above in connection with Figures 4 and 5.

Thus, al though the actuator fi4sger 318 is shown only

schenat TigalEVSiiedrbt@dEifud 314 EongRikesha a&ﬁﬁiﬂbﬁﬂ?ﬁ]gér B&g cdnktructed on
5contains all features, including the thernmal bend

2CRUMOS SlichostbTEEd | 50y atHOR BIRE P BH b RtiFy] ydpign to one

22Qy thg-lﬁﬁgeﬂ@ 2AQfed bl HSvedih dEAREIDN I HigurdsAraABE. s, although the
standard soft |ithography and conprises a pol yneric

bodguiler ipePiRE Hewy pigsdempiralbhindiiewrs?, derp hregpsyned that it

5m %5195111#&1%&&6:@ lﬂﬁﬂﬁﬁl R4RermiNen& Ml deSdtbed %kf@ﬁiﬁ@la@on to the
sl eeve portion 324, mhlch passes adj acent a 1l0second
bohidesy2Hur f ace 325 of the nicrofluidics platform 312,

The sl egys PR dg&g gﬁﬁ zsfsemﬁ@tb% Sﬁl\%ﬂ%&hﬁh%‘?%ﬂg Gna

bondi ng sur ac ayer of
an cempresed opolywdric b@%‘(é@f PDM(S oilpee. ipohich oriclifhle: mlcroﬂuidics
eXt n'n&raz’!"%l cﬁ’a%ﬁel% L13ES, sfhefd oﬂUW O%Sﬁ%h Qthi &Eeﬂlg’s% dd;fﬁm a
protru ron1 e exter| nd
10avvae_s;coﬁd lomdink euree dRfcofbiendicrguslics paden833. Thbﬁkquamﬂdmé% is

5 el Ton! Befconr ol S IRDvATRSH IS S RERReESan

328xtesoratall@oedf e f1beve bemam Hﬂiabitéribrfwlan 926 coddpBisesBycompression

V|rtu roj.ec t he ext t he
F&%ﬁ%hm d%%é lff%"“%fg‘% i‘tﬁ%JsiﬁWF% om (b Second

bondmpg;ﬁﬁmkags 313 during the bonding process, and is
consequentl conmpressed against an interior wall 330
Bof the Sf €8VE Sy, Whqa fedwo pasling sudisss Hloran g are
324 ohded &elbNhBesh fib QDA thebed 128 iDMBAIING KOS ARSon finger 318. By
In the assenbl ed LOC device 350 shown in Figure 9, the
valviree gt projegting| fipgige greior il 38 thegempisssiqns giembg3gs plauts against
in tﬂetfﬁst%Hhcﬁlﬁ:s%ﬁﬁce%tl §H§mng@ﬂéjbdﬂ91n§ &)H)'c&s Gad 1s%§s%q&ehﬁ§3&gﬁbressed
the sl eeve portion 324. "Referring nowto Figure 1
t hegdipshejeinterion wak TP 03!1@8 skeevegettigat et Henet, hepldeve portlon 324is
do t he conpression nenber 318

ﬂ%wﬁﬂM?%Q%gagﬁﬁhgﬁ dB’lk#ggn 25 substrate 315. This
actuatibmhM%g@@ﬂ¢Méﬂé&wenﬁaﬁﬂmmmhnE@@ﬁéWQWV£ﬁbﬁﬂnh@0%ﬂwmﬂl
i nt.er :
S otﬂges Etlo }nger%gg 1sqg gt% %ﬂgsggng St{iflt%{]aglg\(lﬁ h¥]h cgrﬁgasée @1&091@1? S gleeve
po |pb1it10m 323@ Referring now ltd Fugsre an, tbaltiepet agatomﬂl& kectyatdvand BdiQls
that it is_bi to,be cl osed wh
acCOEPEFIs s %P'iqh“% tP%COcﬁ?PT%S&lS% AE™ E?réﬁg‘”“ght t@”aﬁ%s (pgsiticon

25t haiibsaatb @G, GBN aaeation 0fdes Gik Bgeridievall 8126/ ax/ayf}ﬁ)n&'h@ mMriolr wall 330
not ower A further ad e Is t 't
noaad BB vt hiorblsp irohSY HRySs yed B slebve forion
nodpd.ati ng an actuati on power supplied to the flnger
actuator 318. Partial valve closures naésbe read

achi eveli np@iyntaar of hetahant @ 1o §isdisekie C]B?er‘i‘é’ﬁleme\f’é‘gef

41 actuator 318 is in its quiescent state. This means that a LOC device comprising the valve
30 310 will not be power hungry. A further advantage is that it is possible to regulate opening
of the valve by modulating an actuation power supplied to the finger actuator 318. Partial

valve closures may be readily achieved using this mechanically-actuated pinch valve.



Self-evidently, a plurality of valves 310 may be

arranged in series to provide a mcrofluidic device
w@2@9/150545hown in Figure 11. The devi ce 340 naRCTA&U2008/000881

configured to provide a peristaltic punping action.

Al ternatively, the device 340 may sinply provide a

nore effective val ving actiond4jvia concerted actuation

of eachsdif-RgRhIRGHURIBY of34Bes FNEna ey |aﬁrﬁlg3ér91 63 t@p®Pide a
be configured to create a turbulent flow which

is
us SfUPIEE drise g # Phavasn Fegps Idaflradeviey %%@awhe&mfkgglreéﬁo
a m&[@§%ﬁ§a1@glﬁl jidofdcGatl. t to mx due to [amnar flow
Accordln , evice 340 may be used as a
"micr onﬁ&@naﬂvelmthwqwce B0 apprieelyaredicraatre sicinayalving action
5M X%{NGn@fkd LORSRY BG fHoff REGHRE 3fg OM peristaltic
punpi ng actions. 10It |s advant age of the present
i nvent i Bire deige 340an diey beeonBgeigyrepie algbelent flow, which is useful
r I e
por AP AGRS MpRALEHbHT a8 ¥ Rjorell B QRO Rl duc o
cotdniigufion. Aocoptimly, e devith#40 raeyvlupidng adwidramixerd It will be
m tl0 340
ﬁ%{{}&lz@gé th@%g@&al%lglﬁgg%t{a @igyol%qe cL‘feférgrgEJggl ;%ﬁé’t!ﬂfﬁg dmping actions.
10f I higeadvantbhgeatlt d’reQ)rédlﬁ 1nvéilttoaltllwaﬂle‘ale¢1§e, 34Ginewy bosed imaclangeably as

pu th i.ce 34 e 'tuned' t he o

Db M b s R R e Gt TR GhDiststfag! ciguipgmay be
Fokorfipare keproioe €thwei Sedtise dctiop a daxifByctivbe qw Funpéng action in the
differe ower erlstaltlc cycl e

L B S0 by S o 1 Lo oS R MG afio 31

pr esent Ajt@¥giRtly Ohdh higdd o B@u @ORE BA) mG BeCHinkd’ Yo the

i ndividually controlling flnger actuator 318, nay

15pe indptifyabiiaictenrih Rﬁ*@twlag%mgs%f BRanpien BOTerVERSOYSdiHdE Bay

t hgeqaheh agteRhi @l Q&V&)’peﬁﬁﬁﬁlb ﬁﬁéhl\%fég Eetéi il 1essNRo&Ould®! It is an
achi evabl e by the on-ch IE circuitry woul d not

be apheasehridhq Rpsse ipyeadn the e CYIOS cordtoh sy indiviguglly
Pr Qéfﬁtﬁiﬂlﬁ@ eghcfﬁlg&%cﬂuﬁ‘to?B 1%' foh d}‘;ﬁmcowhﬁ & atckdﬂiffi%?%o NaROR! the

Referring to Figures re is shown a
m epop Fuhedthagcdiisish @h@mcpgapﬁuld allhg sog B adhisy phieibyothe gn-chip

B v e e S

Thus, the valve 350 potentially obV|ates the need for

bondi VB i nt egr at to a
m %!V rOVl 171 osur. lCT"O l lCS éhanne et he VENS

I nt egr aRedriag rockiguresci@rand oM ttigirdnis alhdwnt aheicodinidico Hiaphragm-type

cir e |red 0

C 1 g S0 Rt S AR B S5 P Sfg gl gt
25pavesaihdiéin WAMYEM® (idgeledd@viic®®). TR she vittecId0@otehitadll Whviates the

usi n SI|I0 b MEMS 30 .t echpol ogy, as.opposed to

o eh it op AR SIS Mot e ot eSS ORGTER o facther.

ar tince the MEMS Bfcdatdd\cBEWs cah BéntMEMBhE B6RGT afcafdwclixﬂcwhannels

360 may still be bonded to a microfluidics platform
as valssand peapsapeiisd to qreal 4 qonpietedpr devicsioe ¢ToRathe Jalve 350

M GEASHRAAEYS: 1AL AT eEALLMALAToRLaRE QB iEnS

necte UId outlets not shown In the
30i nteshrdeydaseippesed to s86 @thpgraﬁweahleh haslnog b@@vme(ﬁ@andard in the art.

Alternatively, the MEMS integrated circuit 360 may still be bonded to a
microfluidics platform, as described above. It will be appreciated that microchannels in a
microfluidics platform may be connected to fluid outlets (not shown) in the MEMS

integrated circuit 360 to create a LOC device.



Turning now to Figures 12 and 13, the valve 350
conprises a pair of opposed first and second actuation
WO 209985254852 and 353, which both point towar dSPEI/AU2008/000881
central saddle or weir 354 having a sealing face 355.
The weir 354 is essentially a block of silicon oxide,
whi ch may be defined at the same tinme as sidewal s 357

of the mhmg 3P B@edfandes thdtahiesg) MeMpisésaairGRbpdled first
It will be appreciated that each finger 352 and 353 is

si Afd %?Foqdﬁcfaé%qng“wg%fé3%%“#?%@[@%1 OB SEY B de b yEe o

Theyewsid hadnfh AieMindese Bhe THalwe 38PQ eés@ﬁtﬁll% loﬂl &tsﬂfé% bxide,
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di aphragm nenbrane for the val ve . shown in
F|Qﬂ$gﬂgﬂﬁﬂﬁ@@3Qﬁléwﬂﬁ©¢ﬂmﬂg6 fIU|d|caIIy conmuni cat es
with th ~

it on | DEHS] 4 R T2 B SFSGLDS GREAEh e

weilaye38 A DM 3 10 eidg detv@e®the first ﬁidgsa(roed A@uatien dihgenf 3X2hed 353 to

tonarirofheaMlaniaR o § Al REL TR REDRRAREMETTS e

10f i nger sA88Rwamdli8&8,12.ithe ihler mrt ﬁﬂlﬂu&hd:ahﬁcq"rmmimﬁ&ﬁ wiithtl@ outlet

5B SERCHRTIRE cblnhdl 2B SRR BB IR Phiab B o

36 2heanik ISHandswakdongoX. ackigdd 53 ﬁﬁ@l\kﬁﬂtesﬁngﬂ‘y 351 amId<353 1s actuated and

flow fromthe ort 356 tIet

( n R Ak S g GBS L Taibgepdig gl fiebs 387 ana
Sho®# it furd-b@urike bk 362 into sealingHHpSREMAithdRaGh R Th@IB5OBf the
the fingers 352 and 353 rel eases the roof 362 from

155 0 AIITIg NG AGAE RSN PAESCE A g 0P ABLS SBTTa apiytss prevens

f i Reefsid Nek L frohQhd RRE forftHeRs HE Bhtld hat 85 nERWR sk Hence, the

Figure 12. Hence, a highly effective di aphragm

valVylae 3¥0s Flgsedppsiogadn Fighie ég makes use of a PDVS

coveri ngub%é?;BB{t Qé!a{cﬁﬁms'?h SR ﬂn%grs diaplrag E@léX?éé"@t{ee}B@f 30%From

t he val ve usin his way, an effective

valsading maﬁ@wﬁh‘@@ %@seahﬁg:ﬁa@f 35qiagiihe fio krantvairs lodlstii qyisgeanhstate
20rigﬂﬁmﬂﬁ¥%5kﬁbs such as a silicon-based MEMS

integrated circuit. It will be appreciated that such

25a val H@lcpml;hlghéy ¢ffeidvel dmphragmrviakye §5bF prvisiedfwWhidhdiakes use of a

sy .

oo TEREPcou P AR PR 8 sern mebrboethl b o BEMGREPDMS

descthished, qmmf@d:tyve lvylvwxgn b@ﬁnade(ﬁxrph@oﬂm(ﬂic thwatels defined in rigid

modi fi.c n ﬁh % g ﬂ he sc
of My AR ORI 8RB S M MubC B SRRy sve
25¢l aivawe m3Pbe ¥kdd AlaAlaNBy ol micoffiidie 9blenibs,dich B8 Y SiCatevices.
g 8?? ;IC zft rv‘v%l, %F colu?ste el%ra%})r%gatg trhgtut 613: prlgsae\r{tl 1Ir1] entlonbt?ag %eerrll%escribed
purely by way of example and that modifications of detail may be made within the scope

of the invention, which is defined by the accompanying claims.

30



5bonded to a polynmeric mcrofluidics platform said

m crofluidic system conprising one or nore
wore@pa$iswi di cs devi ces controlled by control cPECTAURIS/000881

in said integrated circuit, wherein at |east one of

said mcrofluidic devices conprises a MEMS act uat or

positioned in a MEMS | ayer of 43aid integrated circuit,

said MEMS | ayer being covered with a polyneric |ayer

whi ch defines said bonding surface of said integrated

ci K&MS 10 2. The microfluidic system of claiml1,

wherein said mcrofluidic devices are selected from

t he group conprising: mcrofluidic valves and

m ¢r of | findFrellydigpesicm emprisae m BicgradicHrat iyige 8 pprting surface
SCl Bbkled to n@érf& nﬁé}bﬁulmc§¢19t%rhﬁ' Qﬁcﬁnféﬁ)\ﬂhﬂ%yﬁérﬁ comprising one or

15positioned in any one said integrated circult,;

saimpramnisrasiujdids éﬁ‘c@es pdrxofledt b coamel capuiiy inspitl arteeryed Gikseit,

S al Flleﬂlt a? &%%toﬁéj %fCShlﬁ (I:IH&I‘B lﬁ@L év%eg Cgﬂlﬁ[sggf* ME?ASC a%tuator posmoned mn

platform m crof | ui |c system o

wheMIiMS saerblisnit expeatialticiit, said MIddsriayérdeiog aowrddlvudm polymeric

su nd said

co E@rr%lg \?‘glgh &%%Esrggld%%n&ug%&%fa&no% a% éra%%/]eclirbul east one
10CMoS | ayer. 5. The n1crofIU|d|c systen1of claim1,

NG STl L N S A L

Sulisinrad goup @mpﬁl‘s‘llﬁg.n‘melbﬂﬁlﬁidlvdlves Ay stigofhodic pliapsn 1,

wherein said polyneric |layer is conprised of

phot opattemabl e PD M5. 307. The m crofl uidic system of

cI 3i m 1ThemiefoBiuidicsiten 67 A%i0f 1, Whetei®Saif hadrb i aendE uses

pol yrmeri c body haV|ng one or nore mcrofluidic

]5chgﬂ%%¥§dH%WVﬁ@HDthere|n 44 9.The microfluidic

systen1@§h§kghﬁuznammereln at | east one of said

m crofluidic
said microfluidics platform; and

an interface between said integrated circuit and said microfluidics platform.

20 4. The microfluidic system of claim 1, wherein said integrated circuit comprises a
silicon substrate having at least one CMOS layer, and said control circuitry is contained in

said at least one CMOS layer.

5. The microfluidic system of claim 1, wherein said integrated circuit comprises a

25  silicon substrate and said MEMS layer is formed on said substrate.

6. The microfluidic system of claim 1, wherein said polymeric layer is comprised of
photopatternable PDMS.
30 7. The microfluidic system of claim 1, wherein said microfluidics platform comprises

a polymeric body having one or more microfluidic channels defined therein.

8. The microfluidic system of claim 7, wherein said polymeric body is comprised of

PDMS.



channels is in fluid communication wth at | east one
said mcrofluidic devices. 510. The mcrofluidic system

wWORooeh1505T 1, wherein said MEMS actuator is a tPET/AER00S/000881
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bend actuator. 11. The m crofluidic system of claim 10,
wherein said thernmal bend actuator conprises: 10an
active beam conprised of a thednoel astic material; and
a passive beam mechanical |y cooperating with said

actlve beam such that when a current is passed
t hfou g hikeraicofipidirsytanpi cltine 28erpe! liesharafd stid migiefluidic

ex RRAESSs [s¢h ALl ¥emienitdiBn RAR B VR HRAMY nli@Sthlilit A8yideR.
bendi ng of the actuator. 1512. The m crofl uidic system

of claim1ll, wherein said active beamis fused to said

pasgi Vemmoﬂuldlc]s§sterf[ Bﬁclmnclr Qhlbindhig VWS SRRSr iCd ﬁéﬁﬁal bend
11, wherein said active beam defines a bent current

patefuést endi ng between a pair of el ectrodes, said

el ectrodes being connected to said 20control circuitry

for controlling said actuator. 14. The mcrofluidic

sysltl em 'tfe icwillmdicystevh ef diim 1Hawhereih egidhheinzed bénd actuator
#I%I s selected fromthe group conprising:

tltan um ‘nitride, titaniumalumniumnitride and

vanadi um alanm@etive bpanabdngyised % thebboelaFhemaiegalodndui di c

system of cla wher.ei n .sai d pass

compr 1 sed of R CbpY R GeruBatp PRRR AT Rghp Bean. such tha

conpr i swm@ a @irbitGOpased ittl@ugh sticl acivarbeiit thd ﬂﬁvﬁlﬁﬁinﬂiehts aah

oxynltrl 16. Th mcroflwdlliﬁssemof

wher ei n @él?dd “fqﬂtVS{;Ort t BHSIET POy Fes14ng 1R bedipeg e Wlhior.

conmuni cati on and/ or nechani cal conmuni cati on WI t h
said polymeric mcrofluidics platform 45 17.

Sni dfof | “t]li‘ed?“&mg&}@tcé?ﬁt%i? obflamgh g Whegrip gid ?%W%b?_a@(ts B‘E?f’l fpgaid
or passiVk 6E4n. Tot al

13. The microfluidic system of claim 11, wherein said active beam defines a bent
current path extending between a pair of electrodes, said electrodes being connected to said

control circuitry for controlling said actuator.

14. The microfluidic system of claim 11, wherein said thermoelastic material is
selected from the group comprising: titanium nitride, titanium aluminium nitride and

vanadium-aluminium alloys.

15. The microfluidic system of claim 11, wherein said passive beam is comprised of a
material selected from the group comprising: silicon oxide, silicon nitride and silicon

oxynitride.

16. The microfluidic system of claim 1, wherein said integrated circuit is in fluidic
communication and/or mechanical communication with said polymeric microfluidics

platform.



Anal ysi s System (TAS).

WO 2009/152547 PCT/AU2008/000881

45
17. The microfluidic system of claim 1, which is a LOC device or a Micro Total

Analysis System (£TAS).



