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MCROFLUI DI C PUMP AND VALVE STRUCTURES AND FABRI CATI ON
METHODS | NVENTORS: Li ncol n Young Peng Zhou FI ELD OF

wOokE) 7IRMANTI ON Enbodi nents of the invention gereralskon6/039135

pertain to the field of mcrofluidics. Mre
particul arly, enbodinments of the invention pertain to
m crofiuidic diaphragmstructures and to a nethod of
usi ng and fabricating such structures. BACKGROUND OF
THE | NVENTI ON Technol ogies relating to systens and

met hods for mani pul ati ng m nute vol unmes of quids
such as biological and chem cal fluids, are w dely
r ef erMEGRQR.BBIGREVBAND YAEYE SHRUGHRES ANDFABRICATION
potential applications of wkpi@bkui di cs include
di sease diagnosis, life science research, and
bi ol ogi cal and/or chem cal_sensqQr. devel opnent. A
m crofiuidic structure i ﬁglé substrate having
one or nore n1CTOfIUIdIC]ﬁ §H§%d% or pat hways and a
cover plate or a second or re"'Shbstrates with fluid
pat hways that may or nay ng&lq§mhnterconnected may
commonly be referred to as a n1crof|U|d|c chip. A
highly integrated mcrofiuidic chip is sonmetines
call ed a VLab-on-a-chip'. Inorganic mcrofiuidic chips
havi ng substrates nade of glass, quartz or silicon
have advant ageous organi ¢ sol vent conpatibilities,
hi gh thermal and di nensional stability and excell ent
feature accuracy. These chips are typically fabricated
using wel | -established m crofabrication technol ogi es
devel oped for the sem conductor industry. However, the
9822350v2nat eri al antEBPEHIEHE BRVENEION of t he
i norgani c chi ps may becone prohibitively high

e S peci &hib¥ditbRSof thein{dntibtlpén eﬂaﬂ:}? ﬁ%ﬁ@iﬁ(@ the E’l@l@ldﬂf h@ofluidics. More

nlf ant ar.ea or he C be osable. In
F‘t"i“ Y> SRR h‘{)mé’&"f offd ‘?‘Q}‘Fé‘HO‘EP%'P’(B‘d? migro fh‘@%@ tructures
d edne km&hw dflukifig D@ fhiRating such structures.

BACKGROUND OF THE INVENTION

Technologies relating to systems and methods for manipulating minute volumes of
fluids, such as biological and chemical fluids, are widely referred to as microfluidics. The
realized and potential applications of microfluidics include disease diagnosis, life science

research, and biological and/or chemical sensor development.

A microfluidic structure including a substrate having one or more microfluidic
channels or pathways and a cover plate or a second or more substrates with fluid pathways
that may or may not be interconnected, may commonly be referred to as a microfluidic
chip. A highly integrated microfluidic chip is sometimes called a ‘Lab-on-a-chip’.
Inorganic microfluidic chips having substrates made of glass, quartz or silicon have
advantageous organic solvent compatibilities, high thermal and dimensional stability and
excellent feature accuracy. These chips are typically fabricated using well-established

microfabrication technologies developed for the semiconductor industry. However, the

9822350v2
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surface properties of polyneric substrates. The
research effort required to redevel op these assays on

wonoeorganioe surfaces would require significant PCTRS206/039135

resource investnents. As an alternative to inorganic
m crofluidic structures such as those referred to

i mredi ately above, mcrofluidic structures or devices
can al so be nmade frompolyneric materials. Polyneric
m crofluidic structures have advant ageously | ow

”&L@ﬁén %Ld @C&Jcﬁo@&%w&.e 3o} r%m Eifths tha) beBBSSprBhiORvaL high -

i entlists and Ineers_are grown ever
cbwmlywem theiflyigid pathweni(st eeuites gAIBENAES o dbesBindiay @ band

f i eﬂoxabhe“txﬁ QiR Om saﬁll.a{émao%yﬂs%% wehpd’é%’l@ﬁed uhmﬁgahe

remai ni ng obst For these stens to
usleifaeﬁ propectics of mﬂmenctsﬂ@yatnm Je mswh@éf%t H@ueﬁfwﬁéwévﬁl@ these
aEEQa}é Bf{l Wolddhit SurfAIad wi Ereiife SRARE Mt life GRT fedoufidtinSmaMS
er operations of interest. These conponents
|nclude punps, . val ves, .and

compl dy SERTRHF SO Fo TR S e TS ee e FetSRed o

S ﬁxﬂﬁe]spmely Aokl @iu&b?umia gmiﬂﬂir@rolr advices gl adBys @d nfade from polymeric
manu cture m cr.of L ui.di ¢ devi ces ar bec n ess
CRBEHAR RDmadhs TSP R G Bl P TRY e e ond
b ek go®ntiatfor massréduytidnow f or mass use until the costs

of manufacturing these conponents al so decreases.
Howeve [

chi ps A5kl St i PlgilrCre BRUHERISI Qb e

C pratniise 06 msxnmsms: dnd Fullyi lretbgme(hmwdﬂpglkpeﬂrys@m%ﬂéow@m thefe are

e I of t

o Bl cp i Fob ol sl e bR AR Bl ARG o provide the
S grbmmnattsaaridawmgesahgra@-rfeeﬂ@mttatcm cmt eﬁs@ys gad Pﬁherwperetrons of
o‘nlaa%st %Eeogo gﬁjeﬁgslncll‘@ gatﬁggs @J‘\'reg and ¥l%ﬁm@é at Qe Kmde E(J?nplex
one or nore a t1ona frates to forma

t biruguradi swetnas roinia deviess andrensarsr IAIthaued, themplgEsls eraploxsd frer
mngﬁtf?:?tth[ry ﬁx‘iéx‘(gfﬁl?dl@@é(/ﬁ:eﬁ #P b&:@xlmng'lﬁ? B3R, P adthf csst P hese
[ mcroneters [imeters. This nultilayer

rrfi@iicéﬁ will not becgtnp eltffl@plélyu lw for magsruse Wil ﬂ@rcoitwfﬁwufactumg

t glggtcggﬁ,onemé alghipldsesconvent i onal techni ques. These
techni ques 1 nclude thermal, ultrasonic, and sol vent
bondi n Unf ort unat el these t.echnj.qu .

oF oni { P b aRe U CSUPEARES ShRg g variery of
deslledgbeshdavithahsp tialiedgys &zimc&eyhem Er[d‘h‘iéhdf ehse. Patdruvapls,

d gﬁ?ﬁ‘é“n‘%‘%%n@aryl cgptgmlfﬁag%irm?r\év%hdulc res ey can Le %I d<i3dt IXI e%losing

a substrate having a pre-fabricated fluid pathway, or other microfeatures, with a thin cover

plate, or with one or more additional substrates to form a three-dimensional fluid network.
The pathways or other microstructures have typical dimensions in the range of
micrometers to millimeters. This multilayer microfluidic structure is integrated, or joined
together, by various conventional techniques. These techniques include thermal,

ultrasonic, and solvent bonding. Unfortunately, these techniques often significantly alter
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af orenenti oned bondi ng conditions. Once the device is
assenbl ed, any bl ockage or obstruction in a channel is

wdi20d7io6udos or i npossi ble to reverse. The resul PCTAISRWEN39135

the device is lost and the manufacturing yield is

| onered. Even if the | oss were acceptable, the

manuf acturing process is often costly because each
devi ce nust be independently designed for each
application. Further, each conponent, whether a val ve,

P tiePnatedlsuffc¥ednd yield distBitdddr LomRas bRtked nil&ssoR $athRbys due,
each applicatjon, To,avold_de3|9n|ng t hese active
f el o finpwiimensiopelingdy e et rale ede gie
??foi‘eg@?liiorﬁd'l Bdl?lidfn@ @mditwns.ﬁ@ﬁde&ﬁ@ie?iiwis gé&BiﬂSle&, Qny Eldélé_l‘gﬁe or

ui ow thro .i.n the mcrofluid c_petwork. ese .
s RFTBeHon i, gha V%Ql horjimgpesaiple tgreyesiey e epulhis thagthe device
misdésp hdd thémenutacairiagpicldicloweranect to, causing probl ens
with flow control resolution and accuracy. In the case
of val : e, yer r n the order,of
Tox o R 15K s SRRt By AERE ploBlts {ERREC] b
c eash depide mugst beTihdeperslanthyedssignedfor edi!f dpplivationy Farthér, each

' ] Xi I- L uigll ¢ functions.
R L
hanplicatieni Taaveifl desigring theserrctivedeaturess menyt rpictoflgidic systems use
d . is
OFELRBTRRL bSO PSR W b FRE L Dbl O
pippafluidienaiueri.c hese gysiems tand tahsreush dargsh i vohget than thé ze
S ; i at i . r ;
B SEAThER S, AL B k16 5 Bt o
aterpe- i teghse of vl vescibeydise havs vernlasgdlor thededee bHIPEr more)

HRWEW&K voliRE ¥F theWsRRAS ﬁn}g? gre CORrofilnkt Phi @au@%%g%g%fﬁ’c%t}ggvith

integration into a conplex mcrofluidic sy
r ERUPES Ve gs.catphesmictdiidicfincypnss Equesniasdike Pipduahi ng
{ Siforfi6ié [OHR HAATRONANave BoAUER oAnftRAR fohdukiRs Wo illelobfidhe B

process that very little wwindowis [eft to inte
t FPEPPRYs that wilheasgihe pHeats af these wolumegin incongsteryidse fHowgherh

aflicESiipS bhdvaPSRctVe cMﬁbMﬁnthﬁaHn%ﬁe Gbd L0k b PsURksdP
connect, or incorporate |t _into the mcrofluidic

s\egRief v thedest pthe mirsetudieystamaarp regeitsds es ar e

prohi bitively expensive for a di sposabl e device.
Fi nal Many bhibesemttbringsitisfltidig dompmheitOhdvel bell devigoped NHow&8r,

lmw%brﬁ%%ﬁ)h?saslsgﬁescggetﬁlé n&gc%gggxa}lt fjorb ilni%gr\gacignqmotaagm 1[3)? %?csfgﬂutigce system.
Most require very complex fabrication sequences; producing the active component is such
a sensitive and intricate process that very little window is left to integrate the rest of the
microfluidic system. One is left with an exquisite pump or valve with no effective way to
connect or incorporate it into the microfluidic system. Often the substrates and processes
are prohibitively expensive for a disposable device. Finally, the materials required to
build the pump can interfere, or be incompatible with, the process the microfluidic system

was intended to perform.  This builds substantial non-refundable engineering costs into
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was intended to perform This builds substantia
non-ref undabl e engi neeri ng costs i ntoproduct

wdevwlepoent and i ncreases the cost of the pro#aTis2106/039135

view of the foregoing, the inventors have recognized
that a sinple, reproducible, and high yield nethod for
encl osing polyneric mcrostructures, and for form ng
conmponents of these structures, particularly valve and
punp systems, with easy fabrication integration is

n 9190‘3@& dev%%%ﬁ'aﬁﬁ In¥readeVBE Bosk Sf e fI6@M:. i N the art for

mcrofluidic structures and fabricati on nethods t hat
addr ess t.he e curr.ent

ni zed. shortco S
O o B vipw et oA e e AT At Bopzet et S s,
b edpeddutible fand hixtl yild AGR&] fosenchsis@pdipnamsicdituciueg, and for

the art will eci ate.
& e Siacothepens PR siisdines Bty SFHe PIRAMRE e, with Sasy
mfahheefdoti lirddgeativh istheéded eccbediniglygthere Ssdasbdintthesdrd for micepifididic

Bl Do RGOt dodiosa sSSPy BB Rug i umen
s @mtolf eetinotugy] aad waich pawidd fisthed tensfhedndiadvantagesai sk regoms

i s, .noved a fromthe substrate. As will be seen from
| Rafif sy

FHEA St i on, the nicrofluidic structures
formed with this di aphragm provi de easy to manufacture

and robust syst ensSUMMARY DFIIEIDYENTONade conponents
such as val ves and punps. In one particul ar enbodi nent

a pol yRIsystentd a8 afetHotifleteribbd hegdib iRlutiOmivRi flakidstructures havmg a
substantially.rigid plastic nenbrane is fixedly bonded

oFubsiaptially rigld dea@hféﬁmé‘?é BAftHalrhls bebyesr 4 relased sigte ﬁi‘fha@tfﬁ the
S ukaﬁmrﬁgﬁ SitsWidifikst the\sBBice Of DABitfiteHald u@mua&atstafasgm@&nahe

ndi n ent, In a specific a at.e
ﬁmﬂ&f ?woa%?wtfm%@e SUbRYERLR. 1 V&*ﬁ%é E‘a}e@ovgng
bﬁébdn;ﬁtfoﬁ&h@ﬂ@:i’ﬁimidussﬂﬁlbtﬂtw theeledwith !ﬁ&fdhdiiﬁxdg;:b)ﬁroaldb ongl gl
area etmevﬂﬁﬁhe def or mab| e

SUYP PR I8P RhSPCTEBE TP i‘sereﬁﬁb 8%"0“?1’8%??1“@?‘%"5 ivAfves and

vahm@.structure. In some enbodi nents, a second
substrate is bonded to the upper surface of the

membr aﬂl ﬁgmblﬁéﬁj e%gﬁm@nt%{])%ﬁ?ﬁﬁc &Qg%fluq@é/ st}’&g\tu}'ﬁl? %hfcﬁ) a

apply pneu tiIc pressure ccor
mevbisioukinlly m@upbls@mmemmw is feedlyshondeld or haninaged doari qmpnally

P Bﬁ%ﬁfg‘dﬁ)lﬂﬁ@ﬁﬁ&ffﬁe With a weak organic solvent acting as a bonding agent. Ina

specific aspect, the substrate includes microfeatures, and the device includes a bond-free
segment surrounded and defined by a bonded area between the deformable membrane and
the essentially planar substrate surface, resulting in a valve structure. In some
embodiments, a second substrate is bonded to the upper surface of the membrane and
includes a chamber than may be used to apply pneumatic pressure to the membrane.
According to methods consistent with the use of the invention, pneumatic pressure or
force is applied through the chamber to deform the membrane, thus actuating the valve. In

some embodiments, a pump comprises a plurality of valve structures interconnected by
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force is applied through the chanber to deformthe
menbrane, thus actuating the valve. In sone

wentrdicment s, a punp conprises a plurality of varws2006/039135

structures interconnected bym crochannel s. Val ves,
punps, and mcrofluidic reservoirs can be

i nterconnected with m crochannels to formcircul ators,
m xers, or other structures with functionality

rel evant to mcrofluidic processing and analysis. In

paidrochtiinals, Vaives, ﬁMﬁﬂsearm A NMBE RAES0IRES b h&%oﬁ&rc@a Rvith
devi ce, having a first

i ncl ude a]ﬁ I/E‘:)rofJ di c "gy
pP’é°§?°'| BEIOFR EECUHARTT RS ﬁé?‘h"a{ﬁ'a“%%e"i“ﬂéﬁ‘ﬂ‘?“ae"é relghgnt to
amadfbiidprocesdiyg dandghdlysy. ast i ¢ nenbrane, contacting and
joined with the upper surface of the first substrate,

and h r [ein

moror 2 e & B B BL SR R s wropuicis
oflevidechabing g first rigid ptasticsubgtetedmaviag tppert and Iotea b faoksesmi n
the menbrane is noved away fromthe upper surface of

t he f |ars§$sta%HQE'trfg% ﬁashI%m%faB@tcoﬁtécﬂhgaﬂl _]ﬁlﬁ&d GitSHoh &J efl €

have njcrofeatures formed in the substrate an

sﬂB’@fﬂa?ft‘heaﬁfffyul?SFr@tP’dnﬁ haying azelgxadisiaterycherein the p@wm@m djes

O¥Bktartfally %@ﬁﬁst tREEppei§ subhR oG ek SdkiiEsd bR %ctuated state wherein
ally rigid plastic nenbrane nay have a

bst ant |
V6 AgE AL aRGi goyed atay Semiberprsutiaceat tys irh ebstse LThefirgypigid
aﬁl&’snb SWtirate iy RO ﬂﬁ&ofe&ﬁrey\fo%éﬂ in %ls@&ﬁﬁg ahPthe Slbk@MaPrigid
formation up pplication of fpro priate nech anlcafl
G e 5 B R VR 55 e Rl et pfuras g pantially
aﬂ@gmblaéltﬁ nieAbeng mal Qavle ah5ﬂn odileh dﬁét@rlegﬁﬁgig{]ﬂaﬁlﬁgga about 4

aba t 15 b 75 mMm
e PR e A e e s AN VATE deba ot vha apsbcasion of
pappioptiste mpehanisal fercd Pk nRhbiae Hhaf RIvas tIEnBR P bR Een about 10
t &A’Qﬁddafﬁy ‘Etﬁ»g subst.rate ang )é be Iagss t han about 50
A e gt 130 g, el spctoall betyfep gl Apmg about 75 .
Alternatively, and optionally additionally, the
mec hadhemechpnied preswratayhivd tie mmgmiemn msm:ﬂ tifa bap positee

t r at
&%Sglﬁ’gl tpgg&e JB%&;&?H}B-L an bgﬁ@@}{m;fﬁcg e sugstr s elagqhan agout
ns&gm fnddeaydre boeeordpsi atsbabout2s psii Aamatatetyunnd]o@nmﬂly

rfag@ﬂé G@Jrllg}r’gl S%ELE.? icel {e%ﬂge rﬁd}?g%&%&% $r£ss§ 43 h&gtt%/%e oy tﬁ/
drenmbags away,gom thetshistrate print base nagd“:ﬁhbsa‘thmsdbosu1b$tlraad fay
ifvéa ﬁxgﬁeﬁmf@a%& ABBh eﬂ glna aBut P4 Jés#.near pol yneric

mat er i and nmay be rom one

Typically, the membrane and the first substrate are made from substantially a same
material, and typically at least one of the membrane and the first substrate is a
thermoplastic material, or a linear polymerié material and may be made from one of

polymethyl methacrylate, polystyrene, polycarbonate, and acrylic.

The substantially rigid plastic membrane typically has an unbonded region being
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pol ymet hyl net hacryl ate, pol ystyrene, pol ycarbonate,
and acrylic. The substantially rigid plastic nmenbrane

woyppi7oakdoy has an unbonded regi on bei ngunat t ached/uSem@n039135

the first substrate. Oten, the unbonded region of the
menbrane at |east partially overlies a first channel
and a second channel disjoint fromthe first channel,
wi th both channel s being disposed in the first
substrate. In the rel axed state the nenbrane forns a

s endttadhed emnhet fitrer shbistrsie. Ofieh, ﬂ@@lﬁﬁﬁﬁdé‘d&@@ﬂ@bf&he membrane at least

RN 5 SPRRTE1 5591002 BT S B vt

f bastk bhzmnéjslbdingtckposéd $cthe ﬁﬂciuﬁch-afe[ @iitha Rdaxad st @i tniealblane
e seat

st. and, s e val
| 18 af bd%“ﬁ“? e g a’é“&ﬁ%‘i’@ﬁ?ﬁﬂ&% g?ﬂé’Pﬂg'n uefogged rggion of
I tilﬁ@embchmmaﬂleaawamaby oteiiGBsfalvalsé-s@nidnﬁ@ldﬁ)ﬂﬁ fiedh absedts -

F f.the nenbrane at
B 0 SO SR & ot REPL e C e s
cmanmelludeja sBjgo |suhstaﬁmadlmptﬂpmdﬁdutas to adbugpitndihal alde bhhefirst sidse

1 h t. subst
e e ar RS aRAS! Aebp it bR atti
upysdie adfirstichansel@hd & kegorid ghgnnebditjsint fednethe GirspeimmetieBeéth of these
Gty it bd Alofed' e it ol o M RINEER b B e Fion e

Seco n
t $epareighiremo the upper erticmof the ﬁnsm smlmaua pcplanvldm éaaayesmfablb e fluid

f v Bet@%%ﬁer Et%n& \Qiecglugl\éﬁr ﬁﬁgna@f ?he(r)efmé/h 0 be a?l'gglfgg-hole

substrat e. e u n
gedareng fromike upper sgvémf thy ﬁmislésttamio el lbwnfsurfm oitie first

deBansk. qﬂ@ﬂnﬂoﬂ@ed% %IHSQ su&%%orh&yca%d al Qomeuy

enbodi nent s circul
syisstedill eficpyrseedependiupernthe amhbmoa athand.| i cengdtt mﬂ@dinwnts the

¥ﬁxfb9nJe@ PR GhaG BE Biftubar, s%staﬁﬁé’ilg%@%ggl rs}ﬂl{)s?a%% ﬁ/‘% arf Rith

he application. In certain
i TIded erimess, Qb REOme gy agprgpriate for ths appdicatione cont act | ng
and joined with an upper surface of the nenbrane, and

opt i oﬁﬂéehyinteﬁﬁocfxﬂnérﬁ§ e GEEd Mi8des b BRoSES; ?@ﬂaﬁfé@%s&%‘:e
ne, are made. of substantia a sane

tactm arr;? oy %w
mSP g Pnd Joed, with anuppetsurface pf the-membeage, and) °I§l96‘§’(yrthﬁ farst
rsalysnmeptlmszbeoxﬂ sabsarai Sind kheinf@nbsdhb §1‘eaﬁ1&ié af sluBstzﬁaﬁQl‘lSﬁa dahi
%fjsuch osn of t1181 wgo e si zed such that
e unpond ¥ S0 18¢ s H@sﬁ‘ﬁﬁe AR inclide p shambgrlyingnay
fsnbstnntlﬁb' abpnmehe wiborfdad egioh of the nfeinbfihe sdasid alcR tRNGe
uﬁ%‘}lldgd l’%glgg E) é ﬁgrlrlinymeecgg lbg g‘l%\ged a%ay g'gm ‘%ﬁ]eaugge? surface of the first

substrate and remain substantially enclosed by the chamber.

The device may have a pump that includes a pair or group of disconnected
unbonded regions, each forming an independently actuatable valve structure that are
connected typically in series by microchannels, or some type of fluid passage. The

microchannels may have varying resistances to fluid flow, and to that end may have
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The device may have a punp that includes a pair or
group of disconnected unbonded regi ons, each form ng

wanoi7vdependent | y actuat abl e val ve structure tRar/uae®6/039135

connected typically in series by mcrochannels, or
sonme type of fluid passage. The m crochannels may have
varying resistances to fluid flow, and to that end may
havedi fferent sizes, geonetries and restrictions.
Further optionally, the device can include features,

s dfhre&tﬁsﬂbh@ﬁﬁﬁétﬁes&hﬁfcsﬁﬁﬁ@s aF l@mamptiqmany RRd devRY 8dnSinclude
o oo o B P & oo sty Pid Bow pnmagiontor

v&hmmmmﬂmmmure and in particular, the punps nay have
a shared val ve structure that includes a nenbrane

di spo Ucuwu;[r"[ OVIde
a pl uflg ngllt ey glu P{gS} Bgrgggpnﬁ%ﬁﬁbéa{]ﬂ%{e valv?] re, and in
vaqm@lar,Ahcrwmswy ha\@amhmd e sirg e tliaatncludas aapmbfaee of
s |
b8 g 8 AT D e

f itk the gharediialye. Adessivairegn hmce/rdeéthat iaapshig I0§$t01mg a ﬂuld

fol il
e R
af#eral Lo raeria.en eraulslpwmmé»ar o floid rrmerdaéwnh parficdes
eubpeaddd thdeih. T rgseWoﬁ'ﬁaWbE EUthaﬁtﬁﬁ?" LEREH Y dan ﬁéugférmﬁleaar

defined vertical |evels. reservolr my a
b fxiraction deydcedonsxirantiog Kauiq froma mithindbe raseevoirah oicarslefined

f verticd! 18vtk. IRE tds&V GPmay': :hﬁ) HWHE, &‘E) HeQ (ﬁ‘a%]lg' JJH% and
reserv0|r SO _as tO circul ate Uld t roug t he eVI ce
i SPREITA AHidhand particlpy dhe pHEP qan eoyperto ithel ressTvbir seraste eirdulatgfluid

athro@igh B dSicedn PRhARFIG privests fhe §§rhMQ§ from Ié?l‘ﬁné ?et(g V&'abottom
%Couglge between a first and a second one o

Fit 1he rgRar{pificam puplp detweens firgkand psecondhenexf the

' phdupa{deﬁtw RfuataBlé QAIVtfusuRBndG I E bERRRRE Gy blr ough

can_i nclude or connect to a shar ed

\}Bﬁ"vgmlsn?%&f%ﬁgﬂ‘ﬁ SUHP| TR PUFE cLifudesr sarpsctity o sharet velie

tsirectire t Alowwttle Simp't6 p&ss VIRidItom thdplarafitylol REEvERPOdI ment
the device may have a punp haV|ng one unbonded region

form et uat a |l e dia m st ruct ur e,
i nter g%n%glé? )é%ggdjl%?ﬁi% ct)f(%c hannel 448 pf‘\ﬂg% ‘g%?’f‘& gpbonded region
reglingan exogehousin otisebly diaptabgrestsit e inttr@andced by aﬁ@ochannels

A6 LAY Riiohd Wiln] LGB L R OHOR e
anot her hent ol B Vglvg %?\7 t ﬁreﬁf’tg%)t%ﬁl? '? ‘B
flowing through the pump. In yet another embodlment the pump may have a plurality of
disconnected unbonded regions, each forming an independently actuatable diaphragm

structure, with each diaphragm structure partially overlapping at least one other diaphragm
Structure.

Optionally, the device may include a stopping mechanism, such as a mechanical

stop, disposed above the membrane sized, and shaped and positioned to prevent the
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di sconnect ed unbonded regi ons, each form ng an
i ndependent |y actuat abl e di aphragm structure, with

weacdt/odsmphr agm structure partially overl appi ngCatUs2006/039135

| east one ot her diaphragm structure. Optionally, the
devi ce may include a stopping nechanism such as a
nmechani cal stop, disposed above the nenbrane sized,
and shaped and positioned to prevent thenenbrane from
novi ng beyond a distance fromthe first substrate. In

apRmBaLe ASH Goling biond ¥ 3GHR MAFhIBishQUsndescri bed

hereirn may be uhderstood as a mcrofluidic device that

has a first polystyrene s er. an
e 2aeiie: Bt AR ERS AL TS SrOrId RO b inderod a5
p Q hﬁ&bﬂ’tﬁ@l@ Gevite it Baza f&ﬁt|pb@ﬂyreﬁﬂﬁdﬁﬁtetlﬁwhil®pdpﬂﬂﬂower surfaces

ace of the first . subst and having a r
SRR RIS S04 IR BEEEHT Rt bondst S the
S it amfac@dﬂﬂ)e f&gaumhte,tdae haumgarreﬁwdfsmmem the pblystgtne

subst r at ct uat st at e whe

SO fon s eRE it i i sl St Bl s g on acunted
Sktate a.(hereﬁnfthd fotystyirens inembbmt fsalicved Wy fobenthe eppeBgurfacegiitte first
tolﬁ.éontroller capabl e of sequentially activating the
vatEE®t o operate the punps forned on the substrate.

This can allow for mxing nmaterials within the device.
For exBiepedse mayecouplp ta atontreller capaldp el saquentially ectivating the valves
P %f&{é%%ﬁﬁnng@ Rftmbdehn Bt e ! TRVCR 60 ti*é?%an WARKADWithin

eria drawn 1nto the reservoir

c hg¥pdee. Bmxméh thpsgonireller ganddperain a raseryoir Elme@la e apf g two

bgthEJ’b%nIpWarP&é@wﬁQ%&ex@a‘i‘ th t@drw IntcAthd eéséil&(ﬁmmp chamber

material i n one of punp chanber's

s eisstbepsitally diewn inte, @ap%vem§ of é@éwv oump ﬁmmberé n@dﬂbe partially

ThewiRlfkihBh ofBOf 168 'i)hﬁs cIBberd tal 8D Llﬁseﬂiﬁérﬁlﬁl r@hmePdhe
in sone praCtlceS and app |Cat|0ns it inclOdes

bTeSTTHRT RUED Ghambri Zhesmaterial pay compise yeBirblegpterial. oad ipFsome

epdyireSandRpRIcRidAS, a1t 19619&@ %)OIOEM mdadiAis, fh & A&Gueous solution of
bi ol ogi cal ;materials. e fo 80|ng and ot her objects,

f@&@@?égmﬁﬁﬁdnﬁﬁﬁdﬁﬂ elpgieal mateEtlst he present
invention wll be apparent fron]the foll owi ng detail ed
descr i Theif@rogoarfy ank emp;r@ﬁ@fsr feshuesandiddvenigss ofdriboliniet of the

EQret hﬁééee\{lgr{ v%'{ll be'a pare St fromFi!leEfFllowm Cgétalleé gjélcnptlon oFthe preferred

embodlments, which refer to the several figures.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1A illustrates a microfluidic structure comprising a substantially rigid

membrane bonded to a rigid plastic substrate. The membrane is in a relaxed state.
Figures 1B-1C show alternate views of the device of Figure 1A.

Figure 2A illustrates a microfluidic structure comprising a substantially rigid plastic
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Figure TAillustrates a mcrofluidic structure
conprising a substantially rigid nenbrane bonded to a

state. Figures IB- 1C show alternate views of the
device of Figure IA Figure 2A illustrates a

m crofluidic structure conprising a substantially
rigid plasticnenbrane bonded to a rigid plastic
substrate. The nenbrane is in an actuated state.

Fi gur egengiBarR@onded o atigié plasticgubsireters Tief ménktRard €3/ 68 addlated
Fi gur . Figures 3A and 3Cillustrate two views of a
m crofluidic valve, including a substantially rigid
plastic menbrane and a rigid plastic substrate with

m cr of guenR3C shpwylicmag Biestsofithe dbrdcedd Vigne 2. Fi gur e
3A5wi th the nenbrane in an actuated state. Figures 4A

and 4FgsiOIA and 3T BestdiciRO iRt a ﬁ‘{ﬂ}o‘ﬂﬁrdlc%f% QEﬁlﬁfufEJa
substr te JﬂC| ugPE} a val ve seat and hrou

Fi gur® %ﬁ’“g e qpRpbzaze grd W@aphstmubw Mith picrofeatures.
menbrane in an actuated state. Figure 5 shows a

m cr ofigere 3B choral thesdevive bilRiiune3 4, withohelefbilagd i af Stotel Btate,
an interdi sposed chanber that can be used to apply

Pr esspigged A0 Iuﬂl@d@ﬁgp 5%@& dlﬁerﬁfoqg ﬂ%’ \ﬁm%}eynaﬁle su‘i:ﬂrate includes a

val ve. Figure 6A-6 hows a m¢c
correr"é‘ieﬁ@atf’Wr?efémﬁgltb@ﬂ ui di c vaI ve structures. Figure
7A-7F illustrates one manner in which the punp of

Fi gurEige AByhodReticdeBict 6F FgupdA, Sifdl thd Rerhbrk® i erzlcﬁ.‘ated state.
Figure 8 shows three purrps arranged | n a par al |

fi Fi f
conti }Q 1‘9 g E}%Q/S a rdlg‘gﬁ\flgl %ﬁﬂ? 18(; u@{,%{ﬁ éowu gﬁﬁgvetggr?s

that share a valve
pl ur dhtexdispesed phamber thdtain whaedyo apyly pré@uréad e mefb@HE B oddbr

shom??clﬁgéé:ﬁigulw dic punp interconnected with a

mcro ICc reservoir. Figure 12 shows mcrofluidic
punps_.i nterconnected with a plurality of

mi cr JF8UE e-6B shewspaniewfluific pump cargprisingtigte micesluidivevalya np
and rsgesupi r of Figure 11, with the reservoir

Figure 7A-7F illustrates one manner in which the pump of Figure 6 may operate in
a peristaltic-like cycle.

Figure 8 shows three pumps arranged in a parallel configuration.

Figure 9 shows a plurality of pumps that share a valve structure.

Figure 10 shows a plurality of pumps that share a drive valve.

Figure 11 shows a microfluidic pump interconnected with a microfluidic IESErvoir.

Figure 12 shows microfluidic pumps interconnected with a plurality of microfluidic

The menbrane i s i n aPCEUSX®E/039135
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arranged to be vertical and havi ng non- honbgenous
contents. Figure 14 shows a punp connected with two

Fi gures 15A-D show a m crofluidic m xing device, and
illustrates a nethod of operating the mcrofluidic

m xi ng device. Figure 16 shows one arrangenent of

val ves and reservoirs interconnected by m crochannels.
Fi gures 17A-C show a punp structure including passive
checkre¢avdigss. Figure 18 shows microchannel s that may
serve as valves, with | owresistance and

hi gh- resi directionsg of fluid flow .Figure 19
Shows PRI (PR sftrvot et SRR,
novi ngrrpied to be Fergeal agl HAPiAg Rori-hdmogtmoas eonvmtsi ous val ve
and val ve seat enbodi nents consistent with the

i nven . § L :
nsupi et aq i abuig CoRloUE i SRRl Mt ar inergomected
chanb®ithegchgthee 22 shows a drive chanber sized and
shaped to support the nenbrane upon actuation. Figures
23A- EFighiew 5A-DURPw WinlidtoMAadidnlicdeidf ahs illubaldalneiod of
DESCRI PTI ON. OF - THE | NVENTI é]\l As used herein, the word
"“mi cr BRE3RE fhgmicroffuidis mixipg devicker s to struct ural
features ona mcrofluidic substrate conponent wth

wal | sFiganeilhghomts oheasingomat ofi valyasind mesemvoirdiatercamgpeted by
about (O 1.m croneter to about 1000 micrometers. These
features may be, but are not limted to,

m crochannel s, mcrofluidic pathways, mcroreservoirs,
m cr olfigrwe 57 Ak shave s peinp staptyre ithedingenesgivesbeckvelves "
refers generally to a macronol ecul ar structure or

mat er FighreN 8 ¥hoWg nicrotHafgeld thdt mae kG astvARés, whth low-resistance and
substa)g‘t]i al‘l’% fHH her than the constituent nononers
and, THISHES? dFECtopt ¢ “hot have to be, produced

by a polynerization
Figure 19 shows a pump with valves comprising substantially no moving parts.

Figures 20A-F illustrate various valve and valve seat embodiments consistent with

the invention.

Figure 21 shows a substantially unsupported actuated membrane deformed within a

drive chamber.

Figure 22 shows a drive chamber sized and shaped to support the membrane upon

actuation.
Figures 23A-E show a pump with no microchannels.
DETAILED DESCRIPTION OF THE INVENTION

As used herein, the word "microstructure” generally refers to structural features on

10

which are interconnected w th eachComSe06/039135
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reaction. All materials commonly and herein referred
to as "plastic" materials include polyneric materials.

woher7ioes404 " acryl i c" refers to material s incl udPagus2006/039135

Acrylite(r), Plexiglas(r), PMVA and other trade nanes

of pol ynmet hyl net hacryl ate. "Linear polyneric

materi al s" generally include polyneric materials in

whi ch nol ecul es formlong chains w thout branches or
cross-|inked structures. A "two-dinensional

n BYiggeilvidiel pubstrate qommienent witle wallsthaving afilefistone dhmsxbﬂl ini therange

obs zﬁaEutl Oelaiﬁfcrotn%r tfﬂheﬁalbl?tfl'obb lqic? n?eh?etréq R fge{turg I%&\J But tall:e]aantot

co exi st w nponen
Pﬁﬂ%‘b‘odpmbﬁnbﬂalmlmﬂmdjﬁ pathwlays, weltow@a;rkdlrsr wicervalvesor

f hﬁﬂr&ﬁlf%rsc MORGH FYdiferR? relrs b %g@:ﬁl:l]y & ({J’lﬁﬁromo?ercﬁ)l%1{1 ﬁ#xgmi% or

at ways or channels arr ang
| @a@fwl \ang? mplegulqrpyyeight ntinmbbiantioly jgler @fanﬂw@oxpsnmna of

t RBndnRAPARAERhich hi¥ebd, Bt Ab&fnot l‘&'@?‘% b%?ﬂr&ﬁf%dblr ?ﬁfeglzahon

herej n refers to ‘an organi ¢ solvent capa
areptivBe Ollimstesials seramprly arddisreinustomed torig “gleﬁtrp’émetsna]mdude

aﬁmﬁﬂ&fchﬁt&mtse MREteh YR/ TiC* refors 0 lﬁﬁ i?ls h‘ﬁ:ﬂltdin)g%lel f.er ce

pressure, vacuum an or dﬁ tions

ue
UFX*&IA%‘ESHWA #1d qthes frade mgmesefmplmey lmsthaermildien SLiaéHr polymeric
OfnftefiaM " penerflGHc e _Fbﬁm%ﬁ@ﬂhtgﬁzﬁpﬁ %ﬁ&lrnﬁ)léwﬁs A 'lcﬁ'lgtcrxams

force con itions. he term"inert solvent” gener

r Bithoptbranches or grassslinked pigictures. i “gwq- @n@nwxahmtcr@ummr ”

Sl@fe\/ﬁﬂ tfluidietcohmeétiig of & 1&@% Rl ARER ?ﬁth\tvé/ys 3k Qﬁﬁnels tnz?t co-
term "sol vent bondi ng" generally refers to a bond In?kd

P §Lkin the Rlane ofthe cappopents A;"tirgsdimensigng) mieroBuidic petiye
t referso ﬂﬁﬂmnﬁee@@tym Bt lea¥{tBreb BAAOANBA atiRlyY Sﬁ%a&{aﬁ% ed
eneé ‘g%tﬁﬁi ars to a.sql vent bondi ng grocess In whicC
VIR W TR it easkong Qb e thegsrbansiks iSiupefiTheplane of fhe component.
i Theeerini of ﬁw@dk&;obé\ﬁ%‘ﬁb el ﬁeP@n W6 bS bx%@m@l ko?&‘eﬁyﬁb%lpéf f&lﬂﬁng
a%vegg mt rfc ﬁ: when a weak sol ve bond;] ng agent 1s
s Eg A g AR IETT B masns Bgces Bm}lb FRPIOPSHALe ff%f%mecdue to
dehty ﬂmirfBrce Geh da‘stoﬁb@dss(sd, yita ancﬂﬁﬂ YR9cBRNAIHS butdalikg lidle or

PO e 48k B Rty i Pt ey aontfor

acdncbncsel Thatém‘cnadsolv‘émr’ gerdiatlQ @af&ﬁ 16 a80RBhtEEat RMASBIE Hlth the

fabri atlo fp pe gs wel| as
pro | on ?’%r c?ﬁ Wffzi%a{? Qﬁ%t‘:ﬁﬁll )??llt‘é‘?"ith"“dmg
@@qrqj]‘yl refeditea bctndmgtpmcexs in whitlug sdhvent is b Itcilﬂiyblazﬂfl,y bboid two
d heri ,SUuC
tsFl?ﬁatc? é%t%lr pTFys y rvgeﬁlgsa olyen ebol’nég% o%?ﬁ?ff’@y ‘F?’&] g2 B‘Bh’ ent honding
PEcesgiimwhiphh vealt sobes,is wedvi de a def or mabl e

Some embodiments of the invention are based on the surprising discovery by the
inventors that when a weak solvent bonding agent is used as a lamination solvent to join
non-elastomeric polymers such as polystyrene, polycarbonate, acrylic or other linear
polymers under mild conditions, microstructures disposed on the substrate are not |

adversely affected. This discovery enables practical and economical fabrication of

11
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15

di aphragm that may be enployed in a fluidic conponent,
such as a punp or valve. According to an aspect, the

worak/selovent bondi ng agent may be chemical |y #etiuseme/039135

as: where, RR = H OHor R where R = alkyl, or is
absent, R2 = H OHor R where R = alkyl, or is
absent, and R2 = H OHor R where R = alkyl, or is
absent. Alternatively, the weak sol vent nay have a
chem cal fornmula of: where R =H, OH or R where R =
Fkﬁﬂtype Q¢ whibasPRsdRbhon fabHdatida oFlaHuQEldoﬂolﬁen%ﬁérSﬂlﬁﬁw

kyl is absent. Alternatively, weak solv

nefoRRse Afugies fliation, o el pepait pastid méeeﬂﬁ Shehtie PR Tl it o

Hpolﬂryréﬂ’e, &fe reabvahily Reid bad diMér.cer@din ApplicdES @) providBa Beformable
rtlculgr as ect, the weak sol vent bopding agent_ is

- Slaplspi (e e Og Samplgwed in e omPORER P RSa BUTRAITEL hat
|s wi dely used in analytical chem stry and ot her
appl i céxtcoming to 4nt dspect, #3Meak sadvelnt tonding hgentwh ey beathemically defined

1ibits excellent optical properties. Acetonitrile
has a favorable dielectric constant, solubility
paraneters and | ow hydrogen bonding ability, which
make Bt a useful solvent for protein and DNA
seauanecng Acetonitrile, however, is not typically a
sol velnt of choice for organic synthesis due to its
[imt d solubility to many organi c nol ecul es. Conpared
to many ket ones, hal ogenated hydrocarbons, ether or
awbergtR1cc HoO® ouR,esher@R: etatkyi, tok islabsents RRFARICH QY vikerelrav e

<l iR ke 6 5 SR Fha N e PR vk

solvent. Since it is used as a bondi ng agent in the
var i oudteenstivsdhi thnvenksplvert may havenchamical égmmlaméd i n
detail below, it represents an exenplary weak sol vent
bondi ng agent for | am nating polyneric mcrofluidic
structurgé , the weak ability of acetonitrile to
di ssol ve ic surface nmakes it highly suitable
for Ian1natng polyneric materials such as

pol ystyrene, polycarbonate, acrylic and ot her linear

p\ghéfgﬁ[ Sy, B?Iror(:fe( G/HPJe ®= zm(ﬁ F2%s a'i)yen L FR2 d h? B?lsoerq{, where R =

alkyl, or is absent.

Altematively, the weak solvent may have a chemical formula of:

I
R1 ——(ll—CN
H

where R1 =H, OH or R, where R = alkyl, or is absent.

In a particular aspect, the weak solvent bonding agent is acetonitrile. Acetonitrile

is a versatile solvent that is widely used in analytical chemistry and other applications. It

12
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on a polystyrene substrate that was treated with
acetonitrile at roomtenperature for at | east severa

wononroessodi d not exhi bit any noticeabl e feat ur eClasaye/039135

Acrylic and pol ycarbonate have been observed to be
nore suscepti ble than pol ystyrene to acetonitrile, but
this increased susceptibility can be controll ed by
applying the acetonitrile at a | ower tenperature or,
alternatively, by using a conbination of acetonitrile
aisd 086 mescitilevwith wated and axlsbitsArcediap aptiz:alﬂr&ypeﬁiés OueetbitpileHaga

| t hat
LT NER L e
dwhitlemeke it & mfné savent 5 pivirand HRTA sequanahgtAcemnihﬂe, however, is
f . f dj .
RYBRAI o FEPRERRbiRe 8 ol ShipisbE ihaitehiutigio meny
i @gm mOlkmlcQﬂmtedtth@amemned hztlggeozfted’ﬂl)@tocatbm‘sgal‘nér@r or
OfAR AR ARG EAIS LERRESA Al {'ford RERET ALY & Qhont N

app vent rises, ut| I'ZI ' ng
v%ﬂlﬁlaﬁtricmtmahdﬁ fuglp, @Pﬂtomlelvpem&md ® lewin as@nteabbdlenit. Since it

ms%eefah Hbdid%}g%% e &@g& SR n{eﬁ@omz th/Pnt{gg%' 63 i detail

fine operatl e su rate nus
vhelays dtgpRiesepfs erememp}aé/avﬁnb selveat bandingageahfoe laatmﬂtleg pdiyrhenc

' ﬂﬁf&lﬁﬁl‘ld'@m};t{n%s SPudRhd Wda¥ aﬁlﬂé; deGdefti ‘11'11\4 t@ﬁlssgiv%\é%ﬁagtgc surface

enper ature and £r essure tonitr e use
| Ia?heﬁawélywpk&afb@f Upgingting olyserie malgtialeisush asppdystyrene,

pﬁo@éhr@@&t@ Q&ylfceﬂﬂ bﬁl@lqnﬁgﬁ)g%eﬁg FBxangrﬁ Ik r}nl%l%g[%l{] ﬁxt%s diosed

current known str organi c SO vents
g‘é’rfé’ro bistygeng sibitrsie haiswis Esied WinicaRiina Aode fsprphiad for at

a&&?éétlerﬁ’lfmlﬁﬁtﬁg A hdtlekhibit Q@%ﬁ&aﬁl@@aﬂﬁtdagﬁg{ %)é flanf N

ags according to an énbodi ment ntion
aﬁ 6

onaipdieys baed obyervghivdismorayusespiihicther palyseisereds pretogitrile,
rgut ﬂliS‘lﬁ@éﬁBémﬁUeptﬁ‘rﬁYt? Edh BérCOIﬁt‘l'Olﬂb JTB%BWgI‘EEe &%ﬁHl%&taq er

utilizin cover, plate an base plate

JOPRAA e gha ergac%ﬁgbngéﬁ?mlmwafchetﬁmtrmr@wmeems to
poreits.at e the pol yneric substrate surface aggressively
and create a tacky bonding surface wthin seconds of

o bioh SPRRT Gty BE L RRbtts Bpdiiohs et evrest sohen
Ueoremarkpbly dd‘ferenhsoldﬂiﬁmsﬁehghm thfamnt temp&atues FhESRBd in
R ph R B PR Rl s PRI gpnents of
[theninyention. Althdugh it Ew&llﬂchmvlalﬂytalmnmbmmmtcﬁmhagalﬁwéﬁoag‘aﬂﬁ:
bsBihéed ?nci'crageg laé/ th@%ﬂ{per%ure of the applle% solvent rises, utlhzmg this solubility
variation at different temperature for controlled microfluidic structure solvent lamination
requires a fine operating window. The substrate must be able to withstand solvent
treatment at room temperature while increasing its solubility sufficiently at elevated
temperature and pressure. Acetonitrile used as a laminated microfluidic structure bonding
agent provides the required operating range in contrast to all currently known strong

organic solvents that are generally used for solvent lamination.

13
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Upon thermal activation of the acetonitrile and
application of pressure, the mated surfaces forma

weubwtoanoial |y irreversi bl e bond. Formation of PCT/US2006/039135

t hree-di nensi onal fluid networks is inportant for many
m crofluidic applications. Simlar to the

two- di nensi onal printed circuit board (PCB) case in
whi ch the "printed" wi res cannot cross each other

wi t hout electric connectivity, fluidic channels or

pat hway perdkigigl asgter$tacdtdiifet dniedhiRiastiod @scthat%eqﬁﬁcess according
W t hout fluidic connectivity. To bwldasnrgjﬁfié
contaipigg

c fosgRbadimentof the inventiqn aljoyws %\beﬂaremhwn&fw

C RN &dnspoidnelaystPbClid Yetl SkédRsnRied dﬂllfzfr%rb%ﬂlta éoaéf%[a‘ie 4 a
oi ned_by vertical flu

g c er sect, on and j
ozl Unliks compmeons! e silifntmirelion Rhchgmgespenctuate the
b@ﬂl@lmag: qnmmedasaca a@aEeivelg hiP@td Neckly BYRTISy dubfade VOGS
uid egress t hthe verti cal
C B iyt P e e ARG e ARis 2 very weak
rT‘pﬁW«ﬁSd fofiei the e.(bsﬁ'atdt fpod aﬁﬂﬁ@tﬁb’ﬂlﬁ Wheh ﬂle&%dlmleﬁs Present between
r? gﬁ o0 tthe or der &bouf anm or E‘ess, and
T AnToch BhIR et erPH‘Fé““H%P‘E“&‘?] pranaf agfiyationdt gynetionggimgr to
rm ﬂl&ncalndldﬁnoﬂdlde hdjméntlyhﬁnﬁéted ﬁsmgg t&dhﬂ%géw I:IgainSt edch other.
thin fi vin t qut mmaor |es
¢ e L R0 ook e R dnd e ERAEOT. o RSO dhegated Sty
c frme stibs@antiglyenevesihiobvadt t o i npi nge upon and bond to
the | ower conponent causi ng bl ockage of the pathway.
One t I
or es\gﬁi\é)ghég}oﬂ fﬁ%@ r?é&l%“gs@rﬁ "ﬂﬁl% ri%{?&]r&nl%: I I?zﬂ] ?maé)( croqufdlc
t PrRpligghiony. édmibes haithe qua@ennsmrsl misted piragtchotrdi(PCB)vese in which the
\Iﬁrlm% ?ﬂ%’s{) dra]l ttgllatg‘s{]égm tﬁﬁ%%@&t fel%ff'}ﬂ E({}lﬁectﬁgf?)? Eluﬁi%rgﬁgr{}x%ﬂ or
TraShwRyp alpo esonqs dmiatly 9ﬂ0$SI ea¢hy Cfther yathdut ﬂmdmcgnnemvetmd Fdbuilda
pg%bfe'c%somﬁu&a@ ﬂ?‘a?‘ﬁﬂ%ﬁﬁlcﬁceé w V\Eé ﬂhfa ch%@i‘s L Gr‘craﬁ? F) Sted at

There are a nunb e aceto
beifgientdaysahthe eraﬁﬁow SPﬁélﬁn gmﬂ Jam@hbyt vortighl fiwid paghwaniaitoi complete

Ofhe VWA B VTR0 BNt bohdiROMbvid& Yol Bidwdel @heq%l'scﬁ?a(? Boes not

m crostructure(s). Wen the base conponent” contal ni ng
t Fepeds futidegresy rqigh the)vertisalisprnseing siryptisescont act wi th t he
cover conponent, the space between the two conponents

may t ypthe aasleyvhbxe tlﬁbrmi:iwm&hﬂé(ﬁ) 04 ccﬁnﬁﬁﬂém RQmh, o ORhg a

ess. t ha
fepftbelhe S PE%‘”“ g °rq%f& g Bl i o e s e ..
Kk hronvor mbm arkleaddétfon thecnylodiny @@pOientis a thin film having a thickness of

about 2004m or less, the lamination force applied to the component pair may cause the

upper component to impinge upon and bond to the lower component causing blockage of
the pathway. One way to prevent this problem is to control the presence of bonding agent
in the microstructure(s). If the applied bonding agent is not present in the pathway during
thermal activation, the upper component will not bond to the pathway of the lower

component. The upper component will lift back to its intended position when the
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liquid is indirectly proportional to the wdth of the
gap the liquid is filling. Thus there will be a higher

woapi7idcasy force in the area to be bonded thanpcmush®me/ 039135

m crostructure(s). This phenonenon can be exploited to
contain the weak solvent only to the areas of the
structure intended for bonding. As previously
nmenti oned, the two substrates can be sprayed with
sol vent and then contacted. The solvent will generally
c essphidy edtynd tolrdont femperatutt. bet ween t he substrat es,
i ncluding the mcrostructures. The sol vent can
subsedgg t crostruc
| eavi ng ?%ty% J%ﬁ@ﬁﬁ Q?ﬂﬂ%&ﬁﬁ%ﬁn%mgheﬁﬁ%ngfé caibe
bEeipdpted focallgy taminatior of twozbmpoments witlmu defornung the ezd:ﬂdsgj
t RicR6sEHEre ). | Whélithd B8 LS
th (13 S ubstrre gé es are Co n%/oa OBeéﬁ &?lfagr?'?%o it H,ﬂﬁrésﬁu ture{e? 18 %w“ght
ek‘fﬁfé’maét withhe epyprremponeat the Ialeaqe brtweéenttheowo cedpdnents ey
RABChMIR: Bler bIUboki0LE ¢

?yF B‘vivl)ec kK" i nteé t hg area \@Ef gﬂ@ﬁg%ﬁfﬁe‘%ﬁh %ggefpgh I}Iﬁhe
COIFFOSHUCYRT: -2 30RuE IHmcar swore: Jtis welk knqveﬁhat thegrapillary fdroead 2
Aﬁquﬁh 5 6ldasQl padpeMNBnal td\@e A5RE Shd éag e 1@9@% Pﬂg@gﬁﬁg HIBwill

ui.re thermal activation to cre

{6 1B A1 otsALeesto by hendhd tien mgh@awrmuqm(v) s
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tenperature source, the assenbled conponent pair is
exposed to m crowave energy. The microwaves energy is
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area needs to be surdf ace res
This method, while simple, may not be amenable for applications where the substrate is

bulky or there are fine structures sensitive to the solvent treatment under thermally
activated conditions. Another method that provides the necessary energy at the bonding
interface without significantly heating the substrate components is referred to herein as

solvent-assisted microwave bonding. In this method the substrate components are
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Al ternatively, the structure to be bonded or | am nated
by the weak sol vent bondi ng agent may be cool ed prior

woaovmaksosol vent application. Specifically, PCT/US2006/039135

acetonitrile solvent |am nation and bondi ng can be
used to fabricate di aphragns that can be used as val ve
and punp structures. Turning now to Figures 1-2, there
is an illustration of structures and fabrication

met hods that may be enployed in making mcrofluidic
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substantially rigid when cool ed. Typically, one or
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pol yc ardnﬁimﬁcm todtighrancir3; tecs, is a illgsnationoad stouaterts amd fabﬁnation
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on the size of nrcrofeatures
embodiment, both the membrane 50 and the substrate 52 are made from polystyrene. The

appeal of polystyrene arises, at least in part, because polystyrene has known properties,

both mechanical properties and properties related to biological interaction.

The membrane 50 may be substantially rigid, in that it is substantially inelastic but
may be deformed under appropriate pressure or force. By way of example, the membrane

may have a Young’s modulus of between about 2 Gpa and about 4 Gpa, although in other
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that exi st under the nmenbrane 50 or other device
properties. The nenbrane 50 nmay have a thickness

weuid7aeke4f or al l owi ng deformati on upon appl i caRCTWS26/039135

a mechanical force or pressure. The nechani cal
pressure/force may be applied by physically contacting
the nmenbrane 50 and pushing it towards the substrate
52 or pulling it away fromthe substrate 52.
Alternately, t he nechani cal pressure may be applied by
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rane hi's selective
aeb@ﬁﬁeummnbmvmn@apw theapemtaarierigardsghpubstiatsn  of
t he menbrane 50 overlying the unbonded region 15
The structure is fabricated by selectively bonding specific areas 20 of an interface

between two sheets of material leaving an unbonded region of the membrane, or
diaphragm, 15, as shown in Figure 1B. The unbonded region 15 is shown to be
substantially circular, but in alternate embodiments may be elliptical, rectangular,
rectangular with rounded corners, or other shapes. The substrate 52 is selectively bonded

in the area 20 to the membrane 50. This selective bonding can be accomplished by

17



10

15

20

25

waonbordeas ar ea 15,

during | am nation, by applying an anti-bonding |ayer
to one or both of the other layers 52 and 50 in the

| ayers 52 and 50 in the unbonded area, 15. Figure 1C
shows an alternate view of the structure 10. As
illustrated in Figure 2, if the diaphragm/ unbonded
region 15 of the nmenbrane 50 is pulled nornmal to the
pl anar substrate 52, it will nove away fromthe
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formed by etching. The microchannels and other microfeatures formed in the substrate 60

are preferably suited for the flow of fluid materials. They may also be suitable for gaseous
materials, solid materials substantially dissolved in a fluid material such as solutions, fluid
materials with particles suspended therein, slurries, or emulsions. A slurry generally refers
to a fluidic mixture of substantially insoluble mater. Substrate 60 may also include other

interdisposed microfeatures, or features formed in the substrate suitable for manipulation,
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to a fluidic mxture of substantially insoluble mater.
Substrate 60 nmay al so include other interdi sposed

woiergbemt ures, or features forned in the subsPCcans2006/039135

suitabl e for manipul ati on, storage, and/or transport of
fluid material, gaseous materials, liquid material,
solid materials substantially dissolved in a fluid
material such as a solution, fluid materials with
particles suspended therein, slurries, and/or
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?@§s68 and thus form ng an open
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first substrate
Jb Bigpeet3Bs the webﬂn@ddeeglprp@fﬂh@uwﬁlaw 68 at least partially overlies a first

channel 62 and a second channel 64 disjoint from the first channel, both channels being
disposed in the first substrate 60, and in the actuated state separates from the upper surface

of the first substrate 60 to provide a cavity within blister 70 suitable for fluid flow between
the first channel 62 and the second channel 64

This valve structure is described as planar because the valve seat area 72 is
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of the first substrate 60 to provide a cavity within
blister 70 suitable for fluid fl ow between the first

woheaoTred1062 and t he second channel 64 Thi s val PeT/US2006/039135

structure is described as planar because the valve
seat area 72 issubstantially coplanar with the bonded
interface 74 that defines the unbonded di aphragm area
68. This process yields a valve structure that is very
sinple to produce and integrate into nore conplex
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valve seat 72 resulting in an inoperable val ve,
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e valve seat 72. Wth an active valve this can be
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I'S case, rovi
prs&drdnembmlmtlm ochannel s 82 and 84 are fornmed in
this substrate 80 along with a valve seat 86. A

throu thﬁ@sl £ R 4BShol @%gmi d@péct@%f & eR&h nelk a&th/e%la\{ﬁlvﬂﬁe
seat 86. A nenbrane |a 90 is then selectively

béfrgeee 1 Ip His ‘é‘ﬁ&aétﬁfséﬁ StB’GF §0rs prpwdedy Discoppester ﬁgcr%hannels 82

d @8 ROBR4d iH Sid HuBste: SOWbﬂQ wtth 8 v¥I¢d 38t 465 A frodgiChddseds
position, the diaphragm contact the area

86
( ph%ed\pép\;éergg )hls valg gqaﬁg £ glgmbrane layer 90 is then selectively bonded
to the substrate 80 in area 92, creating a diaphragm structure 94, When the valve is in a

closed position, the diaphragm 94 may contact the area 86 (the valve seat), and the area
under the diaphragm 94, effectively blocking fluid flow between the microfeatures 82 and
84 as well as the fluid flow through the through hole 88. In other embodiments,
microchannel 84 is not formed in the substrate 80. There are a number of important
features this structure provides. First, the through hole 88 allows communication to

microfeatures that may be provided on a lower side 96 of the substrate 80. Secondly,
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woOheo7ideuiod fl ow t hrough the through hol e 88.

under the di aphragm 94, effectively blocking fluid
fl ow between the m crofeatures 82 and 84 as well as

enbodi nents, m crochannel 84 is not forned in the
substrate 80. There are a nunber of inportant features
this structure provides. First, the through hole 88
all ows communi cation to mcrofeatures that may be
provi ded on a |lower side 96 of the substrate 80.
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nt e sho ousl| [ ha drive
o Py 1 i B8RS R 1 s o ittag oVl sat
P 0% betweoa tldxmm wacrdfepme:s $0h andil 81, affgiurvﬂyl pte@eﬂtlhg aithi tegnbieagfm
;huladtbae egx!i {ﬁﬁe Vavr%at?vlg ga{ afﬁ_gfgi‘é 1%pward npr%sfs]ure fs ngﬂe%%o the drive

ve S
whagubef, datmendsant (088 iltbelditd fremftechlveetay 1 mamderm ﬂmxgwﬂkty:

tri]’rrgrg[e o%nuglcatg ioéc}lvgenqﬁé H&%%}eattlpees E aréc%ﬁ)t%g {eﬁsu © d%a}(/be apghed

ressure 1s
diharﬂ:lelne dnlvh ehané)ﬁbrl@rpae\mﬁh&cauyl dr bba physichlhechbnfacting théimembrane

0T b PR RER PR b el BOET L0 105

Pressure may be applied through the drive chanber 110

pneu nlattbecearhog}lmearo BYeugsy4i B avhey the siembeang HQP is Hexed upward, a

WBIRE 20Eis Hastemruehreeh el nYebea 16 "N Bty b AWhiR GlIdW fIMR

or ressrn own.

commumcatlon getween microchannels 101 and 103, but it also causes some of the fluid
in the microchannels 101 and 103 to move into the volume 114. Th1s transfer of fluid

makes it possible to form a pump from multiple valve structures.

We now discuss microfluidic pump structures consistent with the described system
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In the enbodi nent of Figures 5A-B, when the nenbrane
108 is flexed upward, a volune 114 is created

wanderoaemt h t he nmenbrane 108. Not only does thpeTaiSk@e/039135
fluid communi cati on between m crochannels 101 and 103,

but it also causes sonme of the fluid in the

m crochannel s 101 and 103 to nove into the volune 114.
This transfer of fluid nakes it possible to forma
punp frommultiple valve structures. W now di scuss

Mafd Mbthsdsdi %%ﬁ%@mldgﬂuﬁ?tg%e?ﬁly?% koSn ?@ﬁucﬂr& & é&l\% of structures
descri bed systemand ne mcro

g &#paplg|of ?pp})@lfgd}rgssqrg toaqﬂm@ andierfegilitating t@'fbn‘bof 1d in one or more

Slaedued Bﬁ&ﬁoﬂ‘s@@@%&ofﬁﬁduﬁ&eﬁld' ngmmba%wmalws@c&iee hob can be
and/or, facilitating the flow of fluid in one _or nore

d @%reddn segies @tdtlmewgnqeﬁecbbshwfosbqnmlatoéommtc@ digphragmpsmp

0006 Hehyah MFigikdsWALBY B paip zoaﬁapse me?ace@dn b&sﬁﬁi’c“ﬂ‘c@ cycles.
V\g}‘}l nterc nnected by m crochannels to forma mcr

HF%‘B’FH‘* ifripe BroesT é%qu%‘I‘fﬁvvﬁﬁ“q Villlbe SRrpedhrgpghehe pmp SHH?H!)“”

20ipureon picenkeai et stricrixed 2095,20008, Gnd 2008, that faRSup MR 200
fluid will be farced

t| vated in t e oper Sequence
P‘e%%‘mgrﬁ"%@{ CORTRIN Y QfumeLe ElveipfiEres Ipedivsirative
V ainﬂ&hrﬁérft OEFipire 8, tROider valWe EtrucﬁfhdZOZ@ Basa lixﬁ&tdld@'ﬂllﬁgn Wion

e o R o B e e oML 1 ot
eﬁiﬂbﬁﬂlrﬁaﬂi tH@fpuinp gOhU Raybconipkice \Pawggg%dﬁﬁbhs\/cﬂ' s&fﬁfaﬂgdlly Elfhé st bze,
a ra mreglon t han t he I apnragm
" BEone Ry SRR HAE

of the two outer valve
structures. In other enbodi ments, the punp 200 may
conpr i BguresalAr&F dlustrate ane ewthod fog plyspiag fliid ithirqugh e pmapBtructure

S B@(?hke% ;Ql];n SSH'Q&{H@ %d &lﬂl%xoegé f’f‘h%rn?e%od%&%}?r?sles @a@r#ghtﬁ%%unw

TA-TF [‘'ustrate one net
t praucphihoughsixstatas ¢ha@e a¢tiviied selqeenpeiimo stqdunctamumpﬁl@ @ffczft The

Chots Eonris U8 IRA0Ca ORISR SUE b 6 i Bos.

ture six states thaf are ac

sequential |y to produce a punping effect. The punp
conpr i 1B EBUEGY A fedpletyglvg 302319 opengd %ﬂdl flyid iy drava ﬁsmnleta nd

aﬁhldikb%hlﬁkl 313lime thd ¥6lumk B0Jai g tWebn HilmelnBRint 5Usehd M@lf\‘s@ s@b@@ate

d. fl rawn frominlet nmcrochannel
23Y- q’h? AD g Fﬁhvaéfeég ﬁ@?%@ﬁ%@g ReRbiao fsgumpd

g f)theﬁﬂ S Figrd 6] thainet 3166 3020s &?M (r]I B F?iﬁre vl Qhectfum/t%al\(zélbo’@is
| opene ul nto

SGRepish 7 R, e e VApR D ftelofecd irepes tbont pneh dhsgutlt

| valve 398 tiRo diblet intteochatinélSh 8. VEllevR il @RlvE 306 is then closed. These six

states complete one pump cycle, displacing a volume of fluid through the pump. If the

cycle is reversed, microchannel 318 serves as an inlet microchannel, microchannel 312
serves as an outlet microchannel, and fluid can be drawn from inlet microchannel 318 to
outlet microchannel 312. Thus, the pump is bidirectional. The valve structures 302, 304,

and 306 are independently actuatable, in that any one of the valve structures can be

actuated with little or substantially no effect on the state of the other valve structures.
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opened. In Figure 7E, the drive valve 304 is closed,
forcing fluid out through the outlet valve 306 into

worbd7@b44vit cr ochannel 318. The outl et val ve 306PCT/USh®r/039135

cl osed. These six states conplete one punp cycle,

di spl acing a volunme of fluid through the punp. If the
cycle is reversed, mcrochannel 318 serves as an inlet
m crochannel, m crochannel 312 serves as an outl et

m crochannel, and fluid can be drawn frominl et

m cr ocHmeeskilled 1rBthe art @il leedigning thitadtbman edquadas of BBtes may he
ﬁ i S bldlregllonal The val,ve structures 302, 304,
a

58 PRPRINE SHR e AR AXTRIAY RBTRINS Sefuetce, Somptmes feforred
ofo asla@ensidlticeseguency; istas Etloganinkeevahet302 isaendd] driveivhie 040K

ff t f. .the ot
S UPLTARLN: 08 SRl 08 et kL 0o,
r ewflst)valveed 06 firaflosed. tl@mwafahre s@quereaperel] asqubitagialPihe same time
p&ggggghg3gygghggieffect An al ternate exenplary

punpl ng sequence, sonetinmes referred to as a
peristaltic sequence, is as follows: Inlet valve 302
is opéﬁgﬁe“@P¢V@mV5F¥EW§OW3myﬂvb@nﬁb31%@&4ém6nmﬂvﬁﬂﬁ@ﬁ

| SubSRRRARE simiilRY BnensfinY, eIn%Q&ndt@en?Aoﬁﬁfeﬁﬁ of Bﬁfn}f@ st}ﬁ@{u rgégnt

is closed outl et val ve i s close e va
miiph s 15\@@%% thgichannels may hava varying fimessions, mplnémasarymg kehgths,

wl 1 Vi n TCS1
(R A A 81 SRR S o

¥t PY ey oksxampley inerpasing g1 bpight and/ e widthre§a enicrochannel
emboRuee itk ﬁesi@lfancfélisfﬂuﬁtﬂbwc H'hroﬁl% eﬁg&ﬁﬂn%@ Alicrittalndid Wit

i nventian, the channels may have var I Mensi ons,

i Y ‘Eﬁjﬁeﬂt}af{?a% ifhryl Hosrgenke useddp fsilitate ‘ﬂé %wwam imdesired direction

Gf&]iblweihﬂ/ ¥ préventomuyd NGy Hi aﬂ‘ﬁﬁ‘&kl%%lrga%n ReHEw V%ﬁé‘xﬂﬁple, in the
reS|st ?&P fluid fl ow._ By exa

i ‘H‘E‘}pe% &d phoveytheremgy be acPPﬂ‘%{ thtlﬁledn Walcmrd(rtdelham?ealnd
ndiye wadeuzm akd Bothi ﬁ&hs‘apam‘a@e tFRuid by fovl hﬁ’éMgh hifd RRAR 3022 into
e”E&FL %&i ocha nels wth var% resistances to
e P %m‘{; OFeT [PIERICE the PR pR Ttk g 1hep stpabamme
daez; mietbchbinhet au%I gy o4 fofrhdaMo He}{ifgﬁfugﬂér rgdﬁs%ah%aio fdidhély thu?W
| irection o ow. or exa In the
oA B, (Bt hETaaRt ok e aeicolaytvo
tvalve stlm@mm; mbteddrifete thrad We%ﬁ&h&&ﬁ?xﬁ;ﬁsl déﬁnﬁtéa Ilﬁ’ﬁglﬁ% £#d9. In
ow t ou
5 b B0 A5 ot peuc o oy A s o
tmeroemonﬁh corméctéd tmazﬁrett Ralte fu@us, dnfhiet /r&xﬂét%&@aﬁﬁﬁel SobRected
' 3 be f to h hi ghe
F&eg :éegwng tstruc%trre aa pgwcgmnﬁqnter%onn%gnngathe flirgt and second valve
structures. The inlet / outlet microchannels may be formed to have a higher resistance to
fluid flow than the interconnecting microchannel so that when both valve structures are in
an open position, the amount of fluid flowing into the inlet / outlet microchannels may be
reduced. The sequence of operation for the two valve pump is similar to the sequence

depicted in Figure 7, particularly the sequence depicted for the valve structures 302 and
304.
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m crochannel 314. As discussed above, alternative punp
enbodi nents may enpl oy two val ve structures, instead

wohod7ve4dolr ee val ve structure punps depicted i RCFIUS2N06939135

6 and 7. In this enbodinent, a two val ve bidirectional
punp structure may include an inlet / outlet

m crochannel connected to a first valve structure, an
inlet / outlet mcrochannel connected to a second

val ve structure, and a m crochannel interconnecting

the firigire 8MEhsREUHic)oALMR d8¥iEd MU0 Wi Snultiflepunips QDZa/ c arranged
outl et mcrochannels may be forned to have a hig

r &3 raralisheontigiration; dhis pibpdiment aaYe ophedreibiiem etumf inets

Y6420 4ha ARFlaceSuid ﬂlai ondlget oy, ht eaalk MeheihletdGbathiBSa diffreht
anmount of fl flowng into

an op 0si tiqn,
" A then e g plmnle?/a PsdPae- W ijla@lfeafa.c 2pig! 406, e
S B0idan the ottt CIRANAUOOMayY Vntald Wpridient Fistkiv@tioR e diferent fluid

simlar to the, sequence depicted in Fi ure
> e Bhviers Jore, B RS A, 25" aol, B PPes POFRE of e gttt channe
S #08aGhdyr cef(ijtaiﬁagng‘hﬁﬁhoﬁ&ﬁtrﬁiog of e ﬁlul'kﬂtﬁd ﬂbﬁv&%&'ﬁm?gl;t channel 404a,
ui dic mul t u S a-C
aﬁvé%(ggaf H°FP°§ é’Pﬁ‘ fﬂf‘%a?aatc ogPisBERtieR Af the
alflhidwgpedloeritedroki mbst élfaﬂmal modkct Thisethis l&hlebcﬁmélrﬁ‘ﬂzﬁly ®e aded to
id.,nto o utI ‘{08406 If each of the

di | fl
i h’?’@\.“’%‘z’gﬁ'ﬁlﬁ%ﬂ. dieqts in ?‘\‘8‘} t hen when the

plurality of punps 402a-c punp fluid into outl et
channgfot4l) @f the pemp btoictires neadiehaya irldependdntiy defined 0t walye,

ceme%ne 3un@ AR S0be dhushlel. bHH.uﬁféES %ﬁmﬁm Jhexaﬁ% rﬁdrgbaqves

ypes that were stored Inin npl e
u wbarﬂbmiw refersde a vilee wofigued suttethatd may0Basedey poropitgpmoeases

g&sfe tﬁa%%ﬁgpﬁlﬁ%‘gtfugﬂ f;lgute % i dilafls § YRGor ava Ve lsb@M

et channe | ower portion o e outl et
c PRIPRTSINE 2pREP FEyctwem Qe Rump mugmercommeé AR tnmt valve ¥Ra,tatdgive

fw»éﬂsm Rgd &l awemlJersaan AQéc?x‘(i) O;&E@'E tur%gérﬁpnsguéﬁnle{\tylv%

enbod |rrent mag be used em ca gra ents
i A02bu2 drste valva Qs andos OUtNéYal‘&‘-l §O6o A thirpumpraemprises en imfep valve

need, 4&@%{1% saudenRnn sitet Yarrteob n@ﬂls'tﬂé& né yse%@rohefe‘%

val ve, and outlet valve structures. punps
CSVesioss B ltemEcly, SUR6PU GeTass hpeiniar Bl Iy 20 6 SEVOE 80

Aot VaveS. 08\ ch SHbEAmMSHE inbD &t efﬁ&exﬁ%y REminREge b CWI@ 9
processes by nore than one punp structure. Figure 9

i th8§%“i‘lb%yéf§m§’yﬁ*‘%’f"éf“l‘&f?‘?j’inéanél@W&‘@?SSOO conprising 3
punp structures. One punp structure conprises an inlet
val ve HfiZal0 itlusifatey @ pumping structure 600 comprising reservoirs, or fluid ports,

602, inlet / outlet valves 604, and a shared drive valve 606. Fluid ports generally refer to a
microfluidic structure, such as a reservoir, that may serve as an inlet or an outlet for fluid
that may be pumped by a pump structure, or more generally a reservoir for storing fluid
material. In this embodiment, by selectively operating the six inlet/outlet valves 602 in the
appropriate sequence with the drive valve 606, fluid can be moved from any of one of the

reservoirs 602 to any other one of the reservoirs 602. In this case, there are thirty different
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val ve 504a, and an outl et valve 506. A second punp
structure conprises an inlet valve 502b, a drive valve

woQddy/ocasnd an outlet valve 506. A third punp ceapmsSs®s/039135

an inlet valve 502c, a drive valve 504c, and an outl et
val ve 506. Thus, the three punps share outlet val ve
506. Alternately, 506 could serve as a shared inlet
val ve, with 502a-c serving as outlet val ves. Such
enbodi nents can be an efficient way to m nimze the

C a6w band dviildie tb AR ueste m&dmpﬁyfﬁﬁgetms BametuhdHoR akih@'@tally

redundant structures. gur e | ustrates a punping
s IR LAEV TSRS Wg‘% (fq\" é’fe%qh flerent qumpysystemspor t s,
602, inlet / outlet valves 604, and a shared drive
val ve Ffiies 1FH14| depjzopitnsp sjjmctelreathbt}ard’ @hpled tvith geservoirs. Figure 11

' |y di ruct ur suc oir,. that .
Sufibtes ol Snihi WElaH! oo BHBRuR B PE e s ARy e v
pa rsebibif4a Theippnstanuanere end wplacediug ﬁgmn éieaésblyom 704 in either a
r [
eﬁé%s‘%gg? E {51 a%58§dk@?ﬁegg$*hl? g{rgﬁr ZI% | rﬁ%od rﬁeéxts con51stent with the
i miventibw ihd retenwm Hésardpa ﬂurd sltdlgeaip\omp cezlb;tuﬁumeuaxmc era

V“%eta&lohb X tvﬁe\f&leﬁ('glr 9&91609, é%ﬁe ' (g:eg A p?fﬁﬁlyv %‘9 from any

one o e reservolrs Ps%e of the

reservoirs 602. In this case, there are thirty
di f f er'@Fting o Wigye Rsmaljialeirespivairs can boeoupled with an integrated

ApRpiY oysibrh N 81idrbiSdis 8Rnf mqﬂclu‘a& d&%ﬂ) RSerl&it @2' a}‘nd a bottom

i ndependent val ve structures would require fifteen

TP et Mngysyft@ﬁscomnawe@arﬂdw Vab’éép@ﬁndpalﬁ*ﬁmﬂet

Sfldl\bb@ 808, 850, btP4128628 chEUAE Ald WrduBh 118 3G HQINoH-80T WHHE &libdring
hwgstrates a n1crofIU|d|c system 700 conprising a

togs semayfngdtuig fom the battem reesrYoRdt with a reservoir
704. The punp can renove and replace fluid fromthe
r eser \ixthe regdivoir feateies hre large enbuph kot d@mplhaving AReight, length, and

hel W, S r.ecti nt s.consj st ent
o e TR O B B STt U B B ol ot
sin direcfyéd mevhawies, of z&hecsgdtd:m CF,lgltrel i Billosteared @ microfluidic k@tmt 900Rvith

g%?g@lpxg)Frl 93?@%1%?39% 'ﬁfx? Frreatgrawanﬁg%uz ? %'lm(le gdd aﬁ{%ﬁ%’d mq%n its longitudinal

r axésci0d sibstontizdly vertical. o Dptimechsewoft the systemngmgtyaﬁ@cbup threfluittin the
00 .1 .

Srlééeh%ﬂbo&/lo‘:%g&ldéglddf?% § li' 502, % enalglé: or%’I § Rosawgd?m%channel

reservoir omTeserv
s%ﬂéta@ng the sidp of the regerams?{m thel fluid canebeviad dite n&ﬁﬁ»uht&d)artlcles 908
[ r C |rculate

r DU dely et Bt 6 0D e 0B i G B p
fQr gty @aatpty pémxbstmglafly snlid nfatedah Foeexboplegifiglhadesds@D were

qgégent in the reservoir 902, and the microchannel 906 were connected to the reservoir 902

near the top of the reservoir 902, the fluid could be circulated in an anticlockwise 910
direction by pump 909 to elevate the beads from the bottom of the reservoir 902,
However, because the beads 908 have a tendency to sink, they would not get near enough

to the second microchannel 906 to be removed from the reservoir 902 and circulate
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If the reservoir features are |arge enough, for
exanpl e having a height, length, and wi dth each

wgnemioes408 han about 0.5 mm then the force of BCaWISLON6/039135

may play a substantial role in the fluid nmechanics of
the system Figure 13 illustrates a mcrofluidic
system 900 with a reservoir 902 having a hei ght
greater than about 1nmm and arranged with its

| ongi tudi nal axis 904 substantially vertical. During
Ugough tHeDBmP ¥steroogr avity may pull the fluid in the
reservoir 902 to the bottom of reservoir 902.

Depend] m cr och nnel | on

tho. o HamsRt HETrBER bslp s PR Preg edrpep P Sy fon

tm t}mmqnmuaﬂOé mberfnmd:ineysb&ﬁﬁumeﬂ in axclatkwize DYl diteciv@rbytplimp

t he p d of the rticles may be

a%sgrﬁgﬁ%pr%srs ﬁlr‘?ip% & %({?aéjn e °8f° gle ﬁiﬁg?lﬁg(?% ally solid '

material. For exanple, if glass beads 908 were present

in t hdn plerampgfiments ponsisieat wiieheringention dTeseroD 60Ivmrybe

CUPRE tohtthid &b f

r esgr Voi r l902 E}t ﬁg&fﬁ E{Jf}ipéx&aﬁﬁg ﬂggqg?lifgﬁ?tat eaiﬁ locm&s along

athe loneigiding ads W40 Bu ek ef sxemplsythp g emgh@m@hmm :ecludtaa

addfityfof RHieré AEnreR} f

ggc autge t hé beadg %ggatﬁgb%pﬁnf en Qﬁ%t/lﬁn %QZ% th{RW%ﬁl%{ml axis
dhemicrerbinngls gan coppaghie mieroflpidic sxtragtin mietioie bmtmhon

96¥2ts MBI IARDH@E ral B8tfA8ed. Qﬁﬁ{oﬂaﬁfg eadfd of tﬁ@ﬂlcrocrnannels ay

cl rcul at et hrough the pu stem 9 Al ternate

plaFef‘iOElreé'sW@WWﬂB@uqsa% alh tefhifl gy om ﬂteem@nu:yoz o the
r éxr@ctioh rdst9éits. i1fa ﬁlﬁk@ht& Qf ﬁﬁrﬂlﬁ’dlﬁle ggas ard B¥6refl E)Megr\f‘éﬁ%g%ea

cir ulateg P? tgockvvlse irection by punp
tSUBPHPBL eV F‘ttbeclle&vf’go’sthfq*%w Rencensitiezs of eash of the
rgierality of fluild? diffefenOéci@al 186HAGE AR kR 1&%%&@41 Sk o, t,ob
qufff’f(‘f? E&t on, the reservojr 902 may, be coupled t

i oG PR AR A e ing XisRl !qC?fgmﬁ ¢aypigd ft the reservoir
dhzf)f eoedta &t toGRtradt A6iakimN& RueREd ddnben IR within
%?gﬁ%v%# qgﬁnple the fluid extraction
¥\ A %W%Fg rality of microchannels, each
at a different vertical l|ocation along the
| ongi Figaieridlillussrates Ofidrofliidé systan oedoaimit & thasmbaAnRACs

t | Qn.reservoirs or extrac
pfggrl{RSS (r:ifgm \Aﬂh&eﬁ%h{o ch s&stem ?(ﬁ)é mcgglﬁ,tge FEGIVOIrs foog and
4804 wteadonyected iy h spiflwayhi®0fiwbich ﬁhxd st Buigaty beficacneRng G
vyug,glgog%m fh gg’ﬁwog {] fSaC| litate fluid flow from
the reservorr PR&*&xtraction reservoirs. If a

pluraljity of immscible fluids are stored in reservoir
902, Eigure 15 outlines a four-valve structure that can be used as a microfluidic mixer.

Reservoirs 1100 and 1102 contain first and second fluid samples respectively. According
to a mixing process consistent with this invention, fluid from the reservoirs 1100 and 1102
are moved into a first set of two diagonally opposing valve structures, or reservoir pump
chambers, 1104. These pump chambers are closed while simultaneously opening

diagonally opposing pump chambers 1106. Part of each of the first fluid sample and the

26



10

15

20

25

gradi ent may develop within the reservoir with
different concentrations of each of the plurality of

wohw7ds44as di fferent vertical |ocations al ong PO®US2006/039135

| ongi tudi nal axis 904. A plurality of fluid extraction
means at varying vertical |ocations coupled to the
reservoir may provide a neans to extract fluid sanples
of desired concentration levels fromw thin the
stratified layers in reservoir 902. Figure 14

| Lot fiid @enpfe dXh 66 esrlsfehéa ﬁ.tosme%& s‘d}acmﬂarﬁweve i 1@5 aﬁ@m&a@

enbodi nent _of Fi gures - wever, m crof

spatidinminodhe fed e@etéent%erfaag EW@W@% bagk érgo él'lrSI emf diagonally
i %&Elﬁ?ﬁﬂﬁ;@&fﬁﬂ]b@& 18045R4 kﬂe%\ées@ @Qﬁ)e%ﬂeﬁ@d bl b+ ﬁtud samples

navi e befaore reenterlag np 1008 durlng th

c P SRsantially "ﬂﬂ‘%ﬁ’c digshout fﬂ’@ @ ﬂi% ﬂ’@&?‘l“}eﬁ@g charmgls 4 av%bee“
S képti Gdry Eforitth alinifdde thalebdRMnaSof the¥iredt@t. Sineh s@nﬁlomé fluid is
R%ﬁ?rVOIrS 1100 and 11Q2 contain first and secon

e WRuRe SpRETZRYN of the Asrdortimeg el 4 nmrs(?fﬁ@ent system
PoREAS AlefAtklys b afidrofMidil mixat ﬁlthoﬁt/@ﬁhdcﬁﬂg chahnélsdl 108 pay bre
102 are to .a f| st set 0

reseryoirs 1100 an
¢ Fed stRas Ty TBERULREGRy s e RaA R e re B ging
P oveplagpiey MableStructdiftl 104 BRBIR 0P TRusGhRI EiguraR X tCbadi®dssed
mﬂ i.l e simultaneously opening diagonal ly opposi ng punp
AMers 1106. Part of each of the first fluid sanpl e

and thesecond fluid sanple can be transferred into
t hese '@anam miay bh aerpésr so 4 dodBolken chpabie pidogueptiallyiagfivaging the
rrlre>§ervo ﬂéﬁhﬂb&?ﬂaﬁ\?%g‘ugﬁﬁessﬁ Qldl Noé. rﬁ@%ﬁﬁf&]@ﬁmmﬁhude
into t I rst set agona y Opposi hg punp
chgans & lgdlxlﬁmllyam@ol!ﬂqévqbr agets anyceppcified qombmatierrofiiret fump
t

SPamPH® el lage TR oS i RSN LBkt Mt o biicon, Toe
b eatrolias pray vbysy:aﬂh eantact, be pasitionrdaboveher bd @asitiansd betew dfe mixer
t t

GO, it e Mo SRR ool froh iyl v
nefrREcsare by means aligady dissuseediherein. Al ternately, a
m crofluidic m xer wthout connecting channels 1108

may beFigge 18 showsas ukatm;iregoﬂa Ige@nmvawﬁdmﬁ sEt6m RO IFIES Jan be
no_dead vo ncl udlL ng overl a

subst anti al

v el Som ot gFoBe e T a0 e ehrmont i hereacrvais 1507
Fltlgbi.rgﬁ anyseqléncd6f Wive tischieeh 1069 BVin apprpridtx@fudiBy ofdglve 1203
a 8? '\llyiggﬁ ::.?81 ?’lﬁéi% rclgmr l?el rlu%d ?n% aatgld eor ?Jact% %uo%%tr Iwggfsl c}éﬁned by a

user. Because of its generic nature, this type of arrangement could have uses in the

development of specific-use applications.

The active valves described above have many advantages. The user is able to
independently control the state of each of the valves in a microfluidic system and thus can
easily direct fluids through a network or change the direction of flow in a pump system.

Another possibility is the use of passive valves. Passive valves require a force from the
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reservoir punp chanbers / valve structures 1104 and
1106. The controller may include neans to individually

wonomck4et i vel y actuate any specified conbi napComsei06/039135

the punp chanbers while | eaving the other punp
chanbers in a closed or unactuated position. The
controller may physically contact, be positioned
above, or be positioned bel ow the m xer device. It nay
actuate the punp chanbers / val ve structures by
apiplid fop gotwmion ang‘ﬁed 17eC ams@nesraﬁ efamipledr R padiRa eﬁecabdlﬁ:ady

di scussed her, u @ shows an exanpl e of

G SRRTET\ P 7051 e B5HEp Cab3asdiies o Fhoste ahiak Balverdgkend

f ][mm;] ,any ofactrealvt 6151812’5@12 VI04r S’h&fo’a@s’iv& dhed\M1ved ¥568 af&115306 are

0 e I ryQirs t hr y yence of valve .

otehafhlF BEAL Bav By ity Gt 10 hertimeR eyt £0a i
12Q6geaaislyatiuatalsie, i thet if tanibe actea Byereztuiest, force s;&ptnad @dneans

or a i.n er wa ed by. a C
e AE T o ahipE se Ry BBy uGierh o it 0 e e

h aliaphragm d 304is fllved dpare I Thizrfier tauwsés aSﬁ@nlvé préssu@@hat is transferred to

I
S T .
c dﬁCr dhe lldgalvstpaismréafaueadh valive thhﬂlra@i 348 td filexaip aga%ullst the valve
' idi c. h i. | [ t i ds
[l 342" T Gl SR o, FAR s oded o ps iy
phgnehi3 6@ riherkfoe fiad ﬁpoﬁhe it ch:myxell 1858 daenat Slewaliroyhsle otifice
V albyz?&d eﬁ’t@lstﬁé H& Xﬂn}{eﬁ% 3%6;;‘1’11I&En91‘?t%a1v Of 3;) ggstg glnrQX%%E g{l%luo!gp%sfte

for actuati on. I gur es 'ustr
a myaresi Faiddlests khroughvieand fillp i clagirerzncipsed BY e difiteedigibrggm

1366y, 'Wﬁénqgee(ﬁ g‘lﬂg‘nggﬁﬂs\é &Qf&a‘éliégrh\{tgﬁ% Ogsnﬁ)%gtg% ghlggl?@t

and one activ ra m ass
v &g Bappedpgheghgmbes @@cl@ﬁcébmhp daplatgnel 3¢ céringi fibw baokihngpgh

t QM alve §30keNd s&@@%sslg%le@e%p% }ﬁe(P%ﬁ%X gl%a% 1l1|§§06u "rhis

1304 I's exogehously act uat ab can
aPreaHTcAgtuplps tﬁ? ¥ membrpnef 136¢ endaphics the mombraea h350 away from

eXleQEH @§52ta90\;/ﬂ§ ﬂmd% ﬁ&lv 'tﬂr\élugﬁ 'f‘éee 13%3 %Qd ot o%h%e G0 ch Singl

fromthe inlet

f 1&38edhepatle ch?ﬁkspump éﬁscebasis@as/ havm@g»dtttw@cmcewhnn@pemm
|§Kb&gnsferred to the inlet 1308 and outlet 1306
val ves. A detail of outl et valve 1306 is shown in

Flgur 11C The ative pressure causes the valve

di aph 183%% SP 'iwé’fx%m&ssg“é iVRlXgs vifsubpssamijallyne movingparts.
The scmqufre omglas 13A Waoki%ntddy NldoRITR WS, P3RE: NS 18b®sedne

thrugpure o?Flgure og 18B is a known as a “diffuser” design. In both Figures 18A and
18B, the fluid has a higher flow resistance in a first direction 1400 and a lower flow
resistance in a second direction 1402. This difference in flow direction can be exploited to
produce a net flow. The embodiments of Figures 18A-B can be used as microchannels to

provide substantially one-way fluid connection between microfluidic features.

Figure 19 shows a pump system 1500 with two diffuser valves 1502 and 1504.
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woOhao7fdeuiod channel

channel 1356. Therefore fluid fromthe exit channel
1358 cannot flow through the orifice 1354 and enter

exactly the opposite manner. Fluid flows through it
and fills a chanber encl osed by the drive di aphragm
1304. When the di aphragm 1304 is actuated back from
its flexed position, the fluid that was trapped in the
chanber encl osed by the di aphragm 1304 cannot fl ow
bake istsieoifigant{ wash’ }éawétand/@rthélr ghe pympsbup o 8étiflowef fluid will

PhBFSHER tRSYE! 188§ 1o tﬁe (;ulﬁ@t ish M RnGhAMNELs ??%%ﬁéed CFTJHE% direction

pressure actuates val ve nmenbrane 1
t Fistantinly alens the beitydingl #xisoh#0¢ pldhewystemild8® al | owi ng
fluid to flow through the orifice 1354 and out to the

exit crenagl vmss&les&med melbéeﬁ SIEIWRIGS sW&oﬁﬁﬁﬁJﬂhﬁgﬂls RN

have,very little bagk rati r oper |
foaﬁc} %ag e{sgﬂs é&g\mﬁk Hgmgtgg%fdevgpgie@rw R not so limited.
SPigaieaP0A-Blillugtrite sorvoting veﬂ%dnﬂ)odlmﬁtsshftﬁéhé ﬂg&emaﬁd S3htE Bre

1 was, i nvent.ed . b [ a U. S.  Pat ent
1f§iA © gvee;rﬁgcrg(thla%x@[;l d?@ ad‘fﬂg@g 3? gengfal, pgralve geahrem
agegian od tefsulssante ofleyifegiture fofm&DVikhithg subeSatd Sfwhitklank&Bonded

the,fd did has 2 higher 1 {
G ot sinettonS by PO aharP T TACTeTah U sl i

rec
dtortwaﬂ\&rSea‘MﬂExgurTEBi whichi i kubsiemiatly bopldnhowitidihe apget ﬁmfaé‘eaﬂ the

F&.\Sﬁr;(agés edsE?JO alﬁﬁ grgézyu@ vensgatltﬁ; éo?ig’g HEEW@{ tgbcf g}eg gxres

switlsit &m:tsubash’aty Fhevahe\sedtd ruaythedamned by eboskiag, weithing, molding or

T Pl b B Y e SO Bl B I, v

stegirrionsigaefttwt wabdssedymaionawith 4 Gdgel 6®81whm;g bpgehaurfacinip,

b, ' J let 1
¢Sy RSl eqplelt i b ok e PG LA b oL P Bt Sy
adléquﬁ@@pb&mtlslbbmmndwtéarltg/a hhg)tmgmalhmslmﬁﬂxgmhctdchaaielsalﬁoxand
1

12592 fé‘;dé% h@so Vﬁth%g‘ t&P knt ang A8 ialaﬁ{vge rﬁfc}’o%ﬁan%c‘?lﬁ 95604
vidhapdhesvaliteds infalgsedegr Telv‘l\?é P@}@tleﬁbesandvmhtfwdﬁ;guranons may
ds%ﬁ)% ltd B%ng'ﬁ)rr & ltlEht@Ir fﬁlle%El b%@ve!e n@]c;‘dp%gannglg 9%q4ea%fl %&ﬁ when the

|'ustrate some ot her valve e
f‘fabll?r“e@ a refapedd cbéﬁétpsslmne Passihirosbng coefigneginns consnstent with this

rﬁh%ﬁ&hﬁﬁ‘}n% td %&e%@vai‘v@ Qéat arleag ogf?)rft?é’réaalse th& erﬁt#eY gft‘ cﬁ&:@ette

refers to an reglon on he substr at
f@hseBrghershehveepan @%mdraapeﬂeéﬁf thmvaéw éﬁhc uﬂlwmldedt have to be

round. In some embodiments, they may be substantially oval, substantially square,

substantially rectangular, or any other polygonal shape.

Figure 21 shows a further alternate embodiment of a valve structure. The valve
structure 1700 includes a drive chamber 1702 for applying force or pressure to actuate the
membrane 1704. Figure 21 shows the membrane in an actuated state. The membrane is

substantially unsupported in the areas 1708 and 1710 where it does not contact the
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portion of a nmenbrane may lie on or over. Figure 20A
shows a val ve seat 1606a simlar to the val ve seat of

weigurre4484 which is substantially coplanar w t RCTHS2006/039135

upper surface of the substrate. Figures 20B-20F

i ncl ude val ve seats 1606b-f that may be depressed
structures within the substrate. The val ve seats may
be formed by enbossing, mlling, nolding or etching.
In a preferred enbodi nent of the invention consistent
wiselistrt¢ Hill2 e ThiOBjay tivge w@ltohmgseda/t ordefiosnaibs regiltikigifoom one or

TP AR0BR o 510 W Gal n

surface of the substrate in which it is fornmed and
di spodags B4R HiustEgsy valve pristre LR0A Mith & chanibon tROR sidedwald

amaﬁedlf) phjRRalN SHASNBE Fl%hlgragl]é%‘l ﬁﬂﬁil abfifiébn, B ﬁggaeﬂéég s the

ma to pr event ow between m c channe
B gk | b bash ol orspaer s o ot SubREIGES.
P Whik friaP fesultlin @6i\siswRllY Rpsfible Iﬁéiﬁlfrérﬁ ldét%ﬁha%ﬁ aﬁ’ﬂatﬁusscﬁﬁéfﬁenltﬂg

rowtagﬁ for a tighter fI uid seal between m crochanne
169% “‘PB@E‘f%'éPFet Hdtetpatelyethe driveighgmbep may eagve as g Impslsaical

pﬁtsp,ﬁﬂ thit it iRYSRishb@andahyRa e ithit 4 ﬁ&%ﬁrﬁﬂ&l &ﬂﬂesrhgrpl?rgﬁe in 1ts

vention may serve to reduce the val ve seat

o ushee ity TR R bRl oo e bt RSP A byt ythe valve

citanherSobahMEeeMe perfdrihRt ofRE redilt uhr%tm&é repbiaby2l ve.
The val ves do not have to be roun n sone

enbodi sub
subst Pﬁl a Iﬂ)}lssgr gt\é%\ ﬁ??&{ f?/"n? fﬁﬂéf}f”&r‘m inlgt 1906 to
a#nyougett898. Side pgop aﬂl'ucgill@l}neludeﬁlag upper Rerkbrafetiger 291115 Iob,@f

g V. ure,
ohL ARG ARG sflofe YOLSI8 LTS gt 512
apisipyma gmfcmr@:mcl@despmletsmmodxanml deM6uad eutleti@ichizAANNEING08. In the

; ran
a5, 10 G TSI o 80,851 V855
t $xéend theongh supsigntishy the 2atre Wikiekness jof thel oS mahbraﬁmlhm (] 91 1 and/ or

‘ tﬁﬁﬁtﬂﬂ%&' 8 ffcichdsh %f ué?@f sf%bgfa%, 1R 3SR 4G 00 geétg 23 Vigw Oof

fOTI’THtIOﬂ r esul rom one or nor e 0
oF igures3ih dagne I?Péﬁblﬁ methofl i predigiresioites, 19@0’\@nhlﬁtmtm&ﬂllﬂﬁ’ﬂ

in i r l !
\;%%egﬁdvr\l/: r{i’dr%' a&%&gﬁris?epg gtggg nh ulzg"@béa ﬁfgﬁt?f?]tg 141 t%)/ gppsér LGS

v PRAjorying misseshannelsd 99@4ﬂ§r130$en 1180dlsu11mg) tandiettel dh bltdinate

Ri®bdiferds B&h
" bS{la; e alll yﬁ?‘i@tﬁfgﬂﬁmﬁ{éh&ﬂ&lg ‘ﬂ%dggg? 5@3?1 %dgngt e)%teridh%to substrate

W5 14 &t Ehey gisg be formsd preiyely within upen membeinskpantl P, as illustrated
lie e aitéieh oieWRTRIzARE 38 A RBENRY nRR8 FR YGRS Shh

structure may include forming / cutting microchannels in the upper membrane layer 1911,

and laminating upper membrane layer 1911 to upper substrate 1914 in a subsequent
processing step.

Membrane layer 1910 includes two independent and actuatable diaphragm
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repeat abl e punp performance. Alternately, the drive
chanber may serve as a nechanical stop, in that it may

woeowisem4 and shaped to limt the deformati on 8ETISE006/039135

menbrane in its actuated state. This may help to
control the volune 1802 of fluid contained in the

val ve structure 1800 maki ng the perfornmance of the
resulting punp nore repeatable. Figure 23 illustrates
a punp structure 1900 for punping fluid froman inlet
190Entres 1906 adt 11920, NG aneTlin@r mmmc&tdemﬂepeﬁehmﬂ actesabien

u nenbr ane y rane
1 R s RF 14T Sltpcofinsle mid T CE P & o e
s diapbmgh eirlcay®r Nb@BIP, tha mnpmmmuatnmd:rtou rneludenmicmdbanels

o R0 280 0 By ELSGRATOR 98010,
mand 20z candle sctif@GvianespeoD8 davechamberd@1§ap1H8s,@ndl1920a. In

{ lenoDs 2ubelARLh Ak B 0o it B NGRS, Bloiihvam

t AP lnkdd 8b, of lﬂzﬁ‘pmay glsdloetin alospdsgm\,vhasm ipressnst mattedpplied via
t 'ﬁ‘fé dﬁji% ?rlaln%grs Y%I%XV l@ﬁ 8aF{>1911§5§ 1%%)9%818 gsgglgets I r{)ﬁ"nra\f;&ntalglamst the
t hnporsrng/ arbsﬁraﬁmlamwwrmllat?easﬁm@as:trwéaeoﬁn lezemipieary purgping cycle

1
Y
| apﬁnpdatﬂ@d flyigh framtiget180Ellersivd theentugie 10 mceﬂ)lmhdtgmuﬂl&ms
%e'h@& BAGARS Auid &P&m& E@ nﬂ’beﬁﬁgﬁ %laxﬁ%&&ﬁ‘pfbl Blms %losed and

trate | ayer ent
mplﬁﬂ}r?g"u b8k lwwﬂ,aaliewma 1d n1t9 yolmme 4820¢/ Dulsphnaatl é%llems

t f
e 0 o FIE AR W

‘fQWﬁfHQIWDQH‘¥ﬂ%§ m crochannel s in the upper menbrane

| ayer 1911, and | am nating upper nenbrane |ayer 191 1

t 0 uppRk feregsig (Eio@lpﬁ&icfgf i}gl’préi'erfddkéﬁﬁﬂ?ﬁ@ﬁt o@ﬂl@@xﬁ/&gioﬂt@las begn
yer i ncl udes two i ndependent an

agﬁe%gfegg?nghecﬂuﬁ’ﬁﬁ éigﬂlﬁftfaﬂelt descipiay. Jtgnatdntendediohsr ane

| aghelustlié)drlo limit khedeeniionte fRMECRE ford disdloisd AMARY Rodifications and

VBB RIR RS bl i e ot SR PSER PRt Sopracf the

Nawetibty be lrhisedmotipy this detailedidescriptis Hﬂﬁﬂathleﬂfyl thél€laims appended
'&&ﬁchannels i nterconnecting the three actuatab?e

aphragm structures. Each di aphragm 1916b, 1918b, and
1920b can be actuated via a respective drive chanber
1916a, 1918a, and 1920a. In
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walear/deetoitn cl osed stat e,

Fi gures 23A-B, each di aphragm structure is shown in an
open state. Each di aphragm 1916b, 1918b, or 1920b may

applied via the drive chanbers 1916a, 1918a, or 1920a
respectively to press the di aphragm agai nst the
opposi ng substrate |ayer 1914 or 1912 as the case may
be. An exenplary punping cycle proceeds as foll ows:
Al'l diaphragns are initially in a closed state.

Di aphragm 1916b is opened, and fluid frominlet 1906
flows into the volunme 1916c. D aphragm 1918b is
opened, allowing fluid to flowinto the volunme 1918c.
Di aphrwigemih@16b i s cl osed, and di aphragm 1920b is
opened, allomﬁng fluid into volume 1920c. Di aphragm
1918b l| Cgosﬂ%d ﬁesulctl ng.in fluid flowinto vol une
1920c. ragn 10201 "8 ¢Wesed, resulting in fluid
flom1|nto outlet 1908. The fore90|ng descri ption of

t he prdirgmgiplasiogstranhaviog uptveandiowersimvehasd been
presented for the purposes of illustration and

descr Iamhlbsﬁiﬁnallytngtcﬁplmt: niei%l%ﬁ’éj e&te{cﬂn%’%trdﬁ]&lé?féilmotgg 0&@ to

Q}fjnventlon tg precise
r\fé‘%“rf’é i SUREHE 25 Be g e A&tegrhereiibie plastis membrane lies
| Sughintlefly dgamstrhover RERdR oNe fitst subStrdtd Un@AH SudtdiBtatd \Oﬁereén

% t he |q¥ent|on e limted not by this detal
PR TS SRV O g epHSUE s oA e Spfbeiiee

hereto W claim 1. A mcrofluidic device, conprising
a fir 3t The davitepf elsini I wherbiat r at e havi ng upper and | ower
surfaces, and a substantially rigid plastic nmenbrane,

cont aedeifRd riglahidsRi ﬁx%gra‘ﬁé HaBmichéted lljl]HQsefE) eldrt e éil? Wﬁethte he

first substrate and having a relaxe rei
tSHbstagHially rigid plasils membrane isslisgessd peen theat Ilegst aganmfeaturae
upper surface of the first substrate and an act uated
st at e3wllilks deviee bhchainmEyhhaag i s noved away fromthe
upper surface of the first substrate. 2. The device of

cl ai i n: r st astic bstyate has
m cro eg%%ggﬁ?mrglé&ga %Iél%?rﬁmg‘gﬁﬁ% H;%WT‘?} about
2 Gpragngpleyt 4 Gparenbr ane i s di sposed over the at | east
one m crofeature.

4. The device of claim 2, wherein

the membrane has a thickness selected for allowing deformation upon application
of appropriate mechanical force.

5. The device of claim 4, wherein

the membrane has a thickness of between about 10 pm and about 150 pym.
6. The device of claim 4, wherein

the membrane has a thickness of between about 15 ym and about 75 pm,
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3. The device of claim2, wherein the substantially
rigid plastic nenbrane has a Young's nodul us of

woetvmemoabout 2 Gpa and about 4 Gpa. 4. The dewTas26/039135

claim?2, wherein the nenbrane has a thi ckness sel ect ed
for allow ng deformation upon application of
appropriate nmechanical force. 5. The device of claim
4, wherein the menbrane has a thickness of between
about _10 and Qut 150 nm 6. The device of claim
4, mheieﬁ?mqeﬁlée?@?%‘?’ﬁn@h‘ﬁ%ig a thickness of between
about 15 mm and about 75 mm 7. The devi ce of clai m4,
wher eithe ménbanieat foacei i aipliédbyceposisivagrpdsine € difort tROGbhbR

g%g,%lﬁigﬁ]% Sg&nagglpgigktssztsmg%gbtrl ne, towards the substrate

€ss than apo PS8 The device of claim
4, wherein the nechanical force is applied by a
negat i8 d'hp desicsof elaipd, ddersiom t he menbr ane away from the
substrate and has a magnitude | ess than about 14 psi.

9. Thendiasth&fcaPordeligdppidh byiREAive pltegkﬁrer? adron ﬁ@heﬁlg{aﬁee
eformtnhne

is a Iiﬁd a pQsitive presSure to d r

r&%&g’ﬁbt? affsangd fias ampaytpdetless hamaboyt ensiveen about 3
psi and about 25 psi. 10. The device of claim4,

wher ei9n Thindevire oficlmimcg iwhEéeince i s a negati ve pressure
applied to deformthe nenbrane away fromthe substrate

and hag ' : . L _and abqut
T e AL A Ay ARl A8
neriiatie substrte and i hatweengbrive 8 psined zhoet 25mdie f r om

substantially a sanme material. 12. The device of claim

1, wheo.eTht ®Vicd R%imaNPhedint e nenbrane and the first
substrate is a thernoplastic material.

the mechanical force is a negative pressure applied to deform the membrane away

from the substrate and has a magnitude of between about 3 psi and about 14 psi.
11. The device of claim 1, wherein
the membrane and the first substrate are made from substantially a same material.
12. The de\./ice of claim 1, wherein
at least one of the membrane and the first substrate is a thermoplastic material.
13. The device of claim 1, wherein

at least one of the membrane and the first substrate is a linear polymeric material

14. The device of claim 1, wherein

at least one of the first substrate and the membrane are made from one of

polymethyl methacrylate, polystyrene, polycarbonate, and acrylic.
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13. The device of claim1l, wherein at |east one of the
menbrane and the first substrate is a linear polyneric

worb@ricado4 14. The device of claim1l, wherei n aPCrasst06/039135

one of the first substrate and the nmenbrane are nade
fromone of polynmethyl nethacryl ate, polystyrene,

pol ycarbonate, and acrylic.15. The device of claim 2,
wherein the substantially rigid plastic nmenbrane

i ncl udes an unbonded regi on being unattached fromthe
first1sulstdeaiteof chbiin 2, Mierdglevi ce of claim 15, wherein

t he unbonded regi on of the nenbrane at |east partially

over | | i nt
Y om bt gl AR e Bl e i RANA il g

junattapleedffiomsthe §isbsybstidtee, and in the rel axed state forns
a seal between the first and second channels. 17. The

devi c . Ofhe@eRtdBfLRim M &Rleth t he unbonded tegi on of the
menbrane at |east partially overlies a val ve seat

£ oo FS wpfornCregint S HpR R e pR DR ENE 1 s Mgl enda
S&ond biﬁnﬂh& disfoént ﬁbm(ﬂhegﬁrfn ;ﬁ?fielm eiieaﬂneﬂsﬁemgalisgfse{d eﬂt;e first
SRRH e i 7RG SHORERNY el kucR R R ERS nftbeing kfoflo.

19. The device of claim 15, wherein the unbonded
r egi oh’-cfhetdadicqefihinah® whereineast partially overlies a
first channel and a second channel disjoint fromthe

firstmehmngdd reod & e YASARAR abRhdD ParBAIBRAEMES 4 VhlvelBat

first, substrate, and i actyated state separates
o inbe fshbstets ?*afe&neefeg ?fﬁ@ apd pubstantigljx petypen the,first and

RéMd Slanelgsavity suitable for fluid flow between the
first and second channels. 20. The device of claim1l5,

wher ej h sthate i ncl udes a through-hol e
extengélq'nrlthefedF‘gFﬁ' %ﬁguﬂpper Strface of the

the valve seat comprises a ridge substantially perpendicular to a longitudinal axis

of the first and second channels,
19. The device of claim 15, wherein

the unbonded region of the membrane at least partially overlies a first channel and
a second channel disjoint from the first channel, both channels being disposed in the first
substrate, and in the actuated state separates from the upper surface of the first substrate to

provide a cavity suitable for fluid flow between the first and second channels.
20. The device of claim 15, wherein

the first substrate includes a through-hole extending from the upper surface of the

first substrate to the lower surface of the first substrate.
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first substrate to the | ower surface of the first
substrate. 21. The device of claim15, wherein the

wanbrdem4 r egi on of the nmenbrane is substanti abPCy/US2006/039135

circular. 22. The device of claim15, wherein the
unbonded regi on of the nenbrane is substantially
elliptical. 23. The device of claim15, wherein the
unbonded region of the nenbrane is substantially
rectangul ar, with rounded corners. 24. The device of
cl ai m11She flemidelfclagwipwhsieing a second rigid plastic
substrate contacting and joined with an upper surface
of the. IRIRIADGorfoF thelEmIAENiCEbnasiAlifugd Wher ei n
the first substtate, the second substrate, and the
menbr ane_are made of substantially a sanme materi al

26. Tie Thedevdes ASrlam IpWS%N wherein the second
substrate includes a chanber |ying substantially above
t he uthbomdededregiomnosf tif mérteamdndobangialiynaligicaled such
that the unbonded region of the nmenbrane can be noved

away 44 W HRBm S5 Mgkt Of the first substrate and
remai n g%st a??ti aFIn;/ encl osed by the chanber. 27. The

device of claim15, further conprising a pu havi n

pl ur afff Heboaqle%d?@@bﬁﬁ%w B %@hﬁ‘&gﬁwﬁf@?ﬁg%ﬁ' rouitded
feomek.Ng an i ndependently actuatabl e val ve structure

and being connected in series by mcrochannels.28. The
devi c | ai m.27 rein the .njcro-channel s have
varyi%bqﬁg ?@?ﬁﬁ%lgn?%q? Ui @ FFOW 29. The device of
claim 27, further conprising a supporting structure
abov e a s¢sendmgit phaptis sybsaig conspiipeand jgipe WPsIntypaeeyriscs of the
Slerdbghslr al Iy support the nenbrane when the nenbrane is
in an actuated state.

25. The device of claim 24 wherein

the first substrate, the second substrate, and the membrane are made of

substantially a same material.
26. The device of claim 24, wherein

the second substrate includes a chamber lying substantially above the unbonded
region of the membrane and sized such that the unbonded region of the membrane can be
moved away from the upper surface of the first substrate and remain substantially enclosed

by the chamber.
27. The device of claim 15, further comprising

a pump having a plurality of disconnected unbonded regions, each forming an

independently actuatable valve structure and being connected in series by microchannels.
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30. The device of claim 27, further conprising a stop
di sposed above the nenbrane sized, shaped, and

woasiTiocened to prevent the nenbrane from novi ngChbagemd039135

a distance fromthe first substrate. 31. The device of
claim 27, conprising a plurality of punps having a
shared val ve structure. 32. The device of claim 31,
wherein the shared val ve structure includes a nenbrane
di sposed above three or nore mcrochannels to provide
a pl uz&al Theylewite dflclaiml 2phovtesincoupl ed with the shared
valve. 33. The device of claim27, further conprising
a feSﬁl%\eﬁérschgﬁra@%@e Rbyid Rl AB guRacRr € of a fluid
material, a gaseous ndterial, a solid material that is
substantlall dissolved in a fluid material, a slurr
mat er £ Th %‘é‘?ﬁﬁ?ﬂ’ﬁﬁ M‘?F?Qﬂpns‘ﬁﬁd a fluid materi al d
with partlcles suspended therein. 34. The device of

cl ai m pporihgsteicturd dbeve thsmemianne s'ized,ashmd,gmdi positioped to

el ofeortu BepbiRn R flE AR iy

reservoir at or near defined veyylcal | evel s. 35. The
devi c80.cFhegledirgwizRim dhdndliencampgisingser voir i s arranged
to be substantially vertical and contains a fluid

mat er j glop aidsbstPdbolethememBiafk iRe8, sRAHED, dnd p6siitpbew praverit e
reservoir so as to cirgul atﬁ f1.ui rough the device

iTRerabrang AFoEy me ing beyondpdligiancs figm ,f{1'§té11 Ea% om settling

at either of a top and a bottom of the reservoir. 36.
The davi Tie deficcdfalaim 27, combesigy n t he reservoir coupl es
between a first and a second one of the independently

At uak il e koSl HEL Y AR sTRngevi e of ol aim

Isin ura ity of reservoirs

|nterconnect ed throu%h a purrp mechani sm
32, The device of claim 31, wherein

the shared valve structure includes a membrane disposed above three or more

microchannels to provide a plurality of fluid ports coupled with the shared valve.
33. The device of claim 27, further comprising

a reservoir capable of storing one or more of a fluid material, a gaseous material, a
solid material that is substantially dissolved in a fluid material, a slurry material, an

emulsion material, and a fluid material with particles suspended therein.
34. The device of claim 33, wherein

the reservoir is arranged to be substantially vertical, and can be coupled with liquid
extraction means for extracting liquid from within the reservoir at or near defined vertical

levels.
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38. The device of claim 37, wherein the punp nmechani sm
i ncl udes a shared val ve structure for passing fluid

wonomoshe4pl urality of reservoirs. 39. The devPC®&US2006/039135

claim 27, wherein at |east one mcrofeature conprises
a channel having a geonetry for favoring one direction
of flow 40. The device of claim 15, further
conprising a punp having one unbonded region form ng
an externally actuatabl e di aphragm structure,

I nt er c33NIThE iBhkeldy claincINGMasinel s to two unbonded

regi ons form ng passive val ve structures actuatabl e by

fluid i thro h ' f .
el ai m R BB R SRy koo Mol & atera
ohndiagctesred thegump ixonedpled todigi reses/oir eaadto tinguldterfjuid through the
ani Lo di : :
SRATPERRRL b FORNEUR TR BAEARIL B obk o oft b Botom
| ebibe resareoint her di aphragm structure. 42. A

m crofluidic device, conprising a first polystyrene

subst rggt enbaidedr HRRES7, déteinoner surfaces and
m crof eatures formed .therein, and a pol ystyrene

menbr ape sol vent banded t he upper surface,of th
firot BRRPYol@uPIS RTOFRED f Al SO aPeRRR arat e aRenEny
t bugebdlepatvg sewvauretenbr ane | i es substanti al |y agai nst
t he upper surface of the first substrate and an

act uat3e7q TR rgcew?ﬁgﬁ{ﬁ me&g#lé%téy%ene menbrane is

noved ‘away m't he upper sur f the first
substrate. 43. The device of claim42 wherein the

sol veritPl¥alify of sseresinsiderpapnested dhrougiva pyEpiEghanisnt. | e or
substantially no bondi ng ef fect under room tenperature
and ardsi ané ddvive ©€claigdl, vhasia, but capable of formng a
bonded interface between two mati ng surfaces under

appro Hﬁé ﬁIrrﬁJ rh&;ﬂ&%n‘?&gﬁlges%rshirgd’ \%ﬁe%%c%rg i‘ocr) gg's'sing fluid from the

plurality of reservoirs.
39. The device of claim 27, wherein

at least one microfeature comprises a channel having a geometry for favoring one

direction of flow.
40. The device of claim 15, further comprising

a pump having one unbonded region forming an externally actuatable diaphragm
structure, interconnected by microchannels to two unbonded regions forming passive

valve structures actuatable by fluid flowing through the pump.
41. The device of claim 15, further comprising

a pump having a plurality of disconnected unbonded regions, each forming an
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44, A mcrofluidic system conprising a reservoir of

the type capable of storing at | east one of a fluid
worb@rocado4 a gaseous material, a solid materiaPCT/US2006/039135

substantially dissolved in a liquid material, an

ermul sion material, a slurry material, and a fluid

material with particles suspended therein, a reservoir

punp chamber coupled to the reservoir and being

connected to at |east two other punp chanbers, and a

CiaddpERIchi® acﬁﬁaaiéldﬁapﬂﬁgrﬁ aelidfnd, Wath bach aphri@h sm@uiréwﬁamany
reserv0|r &ﬁgp c anber and the two ot her punp

Fiapeing at (gpst prafhen digghiragn sipuctiee. gy awn into t he
reserv0|r punp chanber and then partially drawn into
r espede.i Xeniciofisidivfdetitvg cdnvppisipgnp chanbers and t he
partially drawn material in one of the two punp

chambgres. ng@l% &E%eséd Qlﬁ%ﬁé l%gpgl%tnﬂ F(ﬂ&%g srBcdsRRd AR5 Rirks

punp cha e syst of claim44, wherein the
nfarread; tharein.andr i ses bi ol ogi cal material .

a polystyrene membrane solvent bonded to the upper surface of the first substrate,
and having a relaxed state wherein the polystyrene membrane lies substantially against the
upper surface of the first substrate and an actuated state wherein the polystyrene

membrane is moved away from the upper surface of the first substrate.
43, The device of claim 42 wherein

the solvent bond is formed by a solvent having little or substantially no bonding
effect under room temperature and ambient force conditions, but capable of forming a
bonded interface between two mating surfaces under appropriate temperature or force

conditions,
44. A microfluidic system, comprising

a reservoir of the type capable of storing at least one of a fluid material, a gaseous
material, a solid material substantially dissolved in a liquid material, an emulsion material,

a slurry material, and a fluid material with particles suspended therein,

a reservoir pump chamber coupled to the reservoir and being connected to at least

two other pump chambers, and

a controller capable of sequentially activating the reservoir pump chamber and the
two other pump chambers, whereby a material is drawn into the reservoir pump chamber
and then partially drawn into respective ones of the two pump chambers and the partially

drawn material in one of the two pump chambers may be subsequently returned to the
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reservoir pump chamber.
45. The system of claim 44, wherein

the material comprises biological material.
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