WO 2009/126826PCT/US2009/040104 MULTILEVEL MICROFLUIDIC SYSTEMS AND METHODS
CROSS-REFERENCES TO RELATED APPLICATIONS [00011 This application is a nonprovisional of,
and claims W@ Beera68Iqriority to, U.S. Patent Application No. 61/044,417P€IEHS2MWMO1B008. This
application is also related to 5U.S. Patent Application No. 11/043,895 filed January 25, 2005 (Attorney
Docket No. 020174-012800US). The entire content of each of the above-referenced filings is

incorporated herein by reference. BACKGROUND OF THE INVENTION [00021 Embodiments of the
present inventionYk EMVEMMHQB@M&DI@&%‘@M& LN Reactions

("PCR"), biochemical analysis, protein crystallization and screening for protein crystallization

conditions, microfabricatio %%%3 ICSl , biological screening
and analysis, among other%.'% ?é?fz%(i%ro ul ]licsd[}]egi‘gé?“ ?Ziﬁbﬁe%%ﬁqﬁgg%ﬂgﬁigces having one or

more fluidic 15pathways, often called channels, microchannels, trenches, lines, or recesses, having a
cross-secti994lldimEnsioppbisksinn Beonpnprandiaithl offul demesitbesbriefbdhprengedantbbighput and
reduction gf feaction yOlHMESoRelAIEAl) ST B FONINIRg tand douRidincieasing fheygmber of

reactions that can%%e performgd Wﬁ] a midrofltﬁdi?ﬁﬁeviée. For exam }Xey, It s oflten esirabfe&%o provide

devices haliitg Reteigh’dunisitfiof Macticbrichithided. Romespite 9Aifidtiarrer Ehckdtdices in
m'CfOf'U"’"E)ﬁ%‘f'?@ﬂi‘i’@ﬁ’@@(’%‘g“W@Qﬁk%?'%%&%%‘&%ﬂﬁ@ a%r&%@wﬁl%ﬁt%?i?ﬁiﬂgy%‘ preclude the

development of even more fficient devices. [0004] Hence, there remains a continuing need for
improved risatpatatadiipreathy deffsemoducing microfluidic devices having a higher density of reaction
or detection zones per unit 25area of the microfluidic device. At least some of these objectives will be

met by
BACKGROUND OF THE INVENTION

[0002] Embodiments of the present invention relate to the fields of microfluidics,

10  lab-on-a-chip, Polymerase Chain Reactions ("PCR"), biochemical analysis, protein
crystallization and screening for protein crystallization conditions, microfabrication,
laboratory robotics, immunoassays, and automated biological screening and analysis, among

others.

[0003] Microfluidic devices can be defined as devices having one or more fluidic

15  pathways, often called channels, microchannels, trenches, lines, or recesses, having a
cross-sectional dimension below 1000 um, and which offer benefits such as increased
throughput and reduction of reaction volumes. Relatedly, there is a continuing trend toward
increasing the number of reactions that can be performed with a microfluidic device. For
example, it is often desirable to provide devices having a high density of reaction chambers.

20  Despite significant recent advances in microfluidic technology, existing fabrication
techniques often present obstacles which preclude the development of even more efficient

devices.

[0004] Hence, there remains a continuing need for improved manufacturing methods for
producing microfluidic devices having a higher density of reaction or detection zones per unit
25  area of the microfluidic device. At least some of these objectives will be met by

embodiments of the present invention.



embodiments of the present invention. WO 2009/126826PCT/US2009/040104 BRIEF SUMMARY OF
THE INVENTION [0005] Embodiments of the present invention provide microfluidic devices having a
high density"d? 98 thambers or zones per unit area, as well as method§ 1o¥ $AP/H Hnd
manufacture. Such devices can be made smaller than existing devices, and often provide 5improved
performance characteristics. The BBHera DR & ¥f QEidGI I SRNESYstems include a substantial
reduction in time, cost, and space requirements for the devices utilized to conduct the analysis or

synthesis. fapSKansaleo ey GOMe e RAPAVR AEBHI R IR LUSERS BXRENSNER A HS «aNgHt may be
difficult or expensive to obtain large testing samples. Devices which can utilize smaller amounts of

reagent antFasiYNE SRS SRS @6 FABFE NAREA PeM e At Bvestheds fexdirisiusg #fbodiments

arc well sujigd fercuae. ik grysial fasmatian andasmpliicatian SRAGHRNR R EOMHR 6aaravwefluidic
devices may have a control line that can simultaneously actuate valves for both sample and reagent

lines RelatBBRFONSE RSARGRAEY S aHSY Bis tohhie greaTe betnlin of Hrstganiserflwdic mete®amber and
a second rgaget ingsesendchambeinwvirerecsiheh@shrihefthedirstand arcand-toiragents are

contained at a desired or selected pressure. In some cases, operation of the microfluidic device

includes tr&hEARSGEe CBA TS LG evtthsiis thECs SR ienaiube A iRehostif e XA rsdhsiss RS or
contact withkfhe fitet keageit-dMiciafluidic davies featnamsNenASHENANARIS (N SasliAERbErS, can be

at least partially contained, embedded, or formed l% or within one or more layers or levels of an

elastomeriDBYESS Phiehew] Hibiresuallsceuptsrhesiecst td ueknpinobitioPenddripass

microftuidigigle\ieasshavinevwafieskilonk shpMi9l cmsesansilane shannatcamsragomt@yshannel. The first
flow channel can be formed in a first layer of an elastomeric substrate, the control channel can be

formed in dXBSIRG RREFBPLH dRISHESu S afaC St thEsEe R AT e R AY Y bR formed in a

third layer ebaroelasianetssipsifiaiRoieacthasedons taysitissagdipranidecdpthelfitss. layer, and the
third layer is adjacent to the second_ layer. A chanﬁe in pressure within the first control channel can

modulate TS viRHFP (HEFHACP S BBHRE fOW/ EEFhEcontain a first reagent in a first chamber

and a second reagent in a second chamber, where either or both of the first and second

15  reagents are contained at a desired or selected pressure. In some cases, operation of the
microfluidic device includes transmitting second reagent from the second chamber to the first
chamber, for mixing or contact with the first reagent. Microfluidic device features such as
channels, valves, chambers, can be at least partially contained, embedded, or formed by or

within one or more layers or levels of an elastomeric block.

20  [0006] In one aspect, embodiments of the present invention encompass microfluidic
devices having a first flow channel, a second flow channel, and a control channel. The first
flow channel can be formed in a first layer of an elastomeric substrate, the control channel
can be formed in a second layer of an elastomeric substrate, and the second flow channel can
be formed in a third layer of an elastomeric substrate. Often, the second layer is adjacent to

25  the first layer, and the third layer is adjacent to the second layer. A change in pressure within
the first control channel can modulate fluid flow within the first and second flow channels.
Microfluidic devices can also include a first isolation valve disposed along the first flow
channel, where the first control channel controls operation of the first isolation valve. The
first isolation valve may include a deflectable membrane. Microfluidic devices can also

30 include a second isolation valve disposed along the second flow channel, where the first
control channel controls operation of the second isolation valve. The second isolation valve
may include a deflectable membrane. Microfluidic devices may also include a first chamber

disposed at least partially within the first layer, and a second chamber disposed at least



Microfluidic devices can also include a first isolation valve disposed along the first flow channel, where
the first control channel controls operation of the first isolation valve. The first isolation valve may
include a deNeaMd ¥ Mmbrane. Microfluidic devices can also 30include a 86daWtr8dietidttvalve
disposed along the second flow channel, where the first control channel controls operation of the
second isopatioal lyatughiT tee desbladdsolBhioirsahamizny taolbdendldediecrabienmembrartb. tiMicrsfluidic

devices may, alsq inalyde p st hambsr disposed,ah sastparialawilhin heylrstaygiapd a second
chamber disposed at least WO 2009/126826PCT/US2009/040104 partially within the first layer. The

first chambhagael b&nisoigcathedineicatioshengs meormmw@maﬁhelﬁrsheogér@cbﬁha@mtnber can be in
fluid commﬁgf aionwith thersee s fewstannsh tﬂe S8R0 t5@Lhange in pressure within

f
the first contr chann li?smultaneously modulates qu flow within E] ?rst and second flow channels.

010007 In gffier aspashamaadImeniz ahilg presRILIvERtRN sRceRAsS AMIGHalig device
havmg an elastomeric su stratg with multip e ayers r example the elast Maric substrate can have
a first layedeyisedonthipye clavtonzcthirch tayats Wmférmuhfepsemdslal?er isatiggostd bletalmmmhe first and

third lavers, e devige,sep plaaingluds a fistsnambsiorged atleasharialuiiyn s firstlayer o

the eIastomerlc substrate an ormed at east partially within thefirst layer of
the elastordenosddstratenfhetfieyt the tdievhéeymayTrln@Iddaeamest dontmotloHandekfematdn the second

ayer of the SRRIPMAICHABITRIS, RlIFD TR RGP dP fURURL R0 U1gla £hangs navgpoure witin

the first control channe tes a first passing thr yer and into the first

chamier, ahdrabsy fereiedatels s tserstadyfwidhilo th sty thrdubh Qh@tmlmy@bm&mf@llﬂhersecond
15chamber, Inysome i ?ﬁﬁ?&&e e devaadnelidssianater ﬁ?ﬁebié%gﬂ&’ hiDat o ‘Eﬁ’é U ric

communication betweeh the first chamber and the second cham For example, the interface
channel maybseafiernididcin the dhw@dayeont&ggmdeq:asée ahanirstenfaesssoiiamndiiisthe g control

communicafionihhesecanddanshanpshThe deviaaiRvAlza Ny AR interiase Nalis disposed

along the interface channel. The inter ay modulate flow through 20the interface channel
between tHadidsampdeletisctcheenddisid rﬂswmesem)timﬂelmthetﬁerdﬂerﬁa@ed/metbeﬁmﬂeés a

deflegtable mambrane (JA08LIA QReRSBEG SMRFUNSNIROLlE HKQ&?&RH&Y?%‘%&%@MHE a

microfluidic device. The device can include a first flow channel formed in a first layer of an elastomeric
substrate, eofirstukeatibaroeiiedd Sunivistaheasiest withthees drend shrethennEprargmamiesthsolation valve

interface channel may be formed in the third layer. In some cases, the interface channel is in

fluid communication with the second flow channel. The device may also include an interface

valve disposed along the interface channel. The interface valve may modulate flow through
20  the interface channel between the first and second chambers. In some embodiments, the

interface valve comprises a deflectable membrane.

[0008] In one aspect, embodiments of the present invention provide a microfluidic device.
The device can include a first flow channel formed in a first layer of an elastomeric substrate,
a first chamber in fluid communication with the first flow channel, and a first isolation valve

25  disposed along the first flow channel. The first isolation valve can include a first portion of a
control channel formed in a second layer of the elastomeric substrate adjacent to the first
layer. The first isolation valve can be configured to control flow through the first flow
channel into the first chamber. The device may also include a second flow channel formed in
a third layer of the elastomeric substrate adjacent to the second layer, a second chamber in

30  fluid communication with the second flow channel, and a second isolation valve disposed
along the second flow channel. The second isolation valve can include a second portion of
the control channel formed in a second layer of the elastomeric substrate. The second

isolation valve can be configured to control flow through the second flow channel into the



25disposed along the first flow channel. The first isolation valve can include a first portion of a control
channel formed in a second layer of the elastomeric substrate adjacent to the first layer. The first
isolation vaWIGRAMIE@E3Mfigured to control flow through the first flow channf HESIAHY Mded ¢hamber.
The device may also include a second flow channel formed in a third layer of the elastomeric substrate

adjacent tothendedumebkiy ekha ddondaorvdsnbeelini o ftaid ttoneirmmidaivomeditn the t@é@blﬁdemﬁ/ _
channel, apgl 3566004 sqlglienvaly ﬁﬂ@@&’&%ﬁ %W%?ﬁﬁ?@ﬂr@%ﬂﬁ%@ﬁﬁlﬂﬂ@ ?,‘8885"’ isolation

valve can include a second portion of the control ¢ annel formed In a second layer of the elastomeric

substrate. Trendscomd isolatiofroave ol e sorflgugdtasceoneror lowehbstigee thid sEesriadlow
channel int Ih WA ARER2ERCT (R QANRANA4 Soca0H SharmberrERe aGesaRalsP

include a reaction channel formed in the third layer of the elastomeric substrate, in fluid communication

with the f|r@tf@hﬁﬂ‘nb@ﬁaﬂﬁtm@ém@f@mhﬂﬁ@nteédtﬁ@niﬁ@eﬂiaé]ew’al%'}éedl@pd)%d bioreg filgaiesketion
channel befyeen Hb%vfﬁﬁfoﬂgs t%%%@é’u‘c‘sﬁac%%ﬂﬁ‘ﬁéHﬁ%f@[ﬁ%S’cﬁlﬁSn%‘QHQﬁkb‘??s@l&?&ﬁ%l% an

interface channel formed in5a fourth layer of the elastomeric substraté adjacent to the third layer, and

can be corifiglnéss fodebsttebiowamiaaih thespeeaawediarmiés. thosrmempletitnanisctnelfidss
isolation valyeaclues A8 LarIa pIEBRMBIBRERROME SRbedimenis ihsuaesand ikelatipn valve

includes a deflectable membrane. In some embodiments, the interface valve includes a deflectable

membranelERdRg. chheivst eaimnbefi ﬁénadﬁfgt@cﬁﬁfﬁb@b&?@‘ﬂ?m‘@lﬂiﬂ@esﬁmmﬁhmb%ﬁaﬂmeflne a
secong chamirr valsma- dhsne 6asas: Taesdrst chambes MAlLMmE R8s ihar Ihe.sesandchamber

volume. In some cases, the first chamber volume is greater than the second chamber volume. In some

cases, the &ﬂ@%@hﬁ@é’ﬁ%ﬂlﬁ@@els@@@m%%@ dBedtist chambervobinrgas poaon themHstsesoadpect,
embodimepis, af tRe RIERENTARITION &N RIS SHINRHRP IS 18I TGN & dRAGIREalERRls in a

microfluidic device. An exemplary mixing technique includes flowing a first material through a first flow
channel foMP&&@M a first layer of an elastomeric substrate, and flowing the first material through a first

isolation valve. The first isolation valve can be disposed along the first flow channel, can include a first
portion of 4ol bhamikerfesimst Rmbedivomdsiaydrcaiisers msteitienicrassapastenedifisisrtito the first

20laygey, 3'191%’% BE ontigurad N AORroLioN Mrana e MR ilaw Shapnal i &.ifsh gamber. The

technique can also include flowing the first material from the first flow channel |nto the first chamber.

Further, thenphidergflsrotese Gam indidd floaual a et deav rpkaeriell fvnoed ina sesoladtiolathannel
formed in athirshiaverseb e ateRsiG SHRsHAG Adace i Lhe SRSPRAIBNET vaRd flewing.the

second material through a second isolatién
isolation valve can be disposed along the first flow channel, can include a first portion of a

control channel formed in a second layer of the elastomeric substrate adjacent to the first

20  layer, and can be configured to control flow through the first flow channel into a first
chamber. The technique can also include flowing the first material from the first flow
channel into the first chamber. Further, the mixing process can include flowing a second
material through a second flow channel formed in a third layer of the elastomeric substrate
adjacent to the second layer, and flowing the second material through a second isolation

25  wvalve. The second isolation valve can be disposed along the second flow channel, can
include a second portion of the control channel formed in a second layer of the elastomeric
substrate, and can be configured to control flow through the second flow channel into the
second chamber. The mixing procedure can also include flowing the second material from
the second flow channel into the second chamber, actuating the control channel so as to

30  inhibit flow through the first and second isolation valves, and flowing the first material from
the first chamber through an interface valve into the second chamber, so as to mix the first
material with the second material. The interface valve can include a portion of an interface

channel formed in a fourth layer of the elastomeric substrate adjacent to the third layer, and



25valve. The second isolation valve can be disposed along the second flow channel, can include a
second portion of the control channel formed in a second layer of the elastomeric substrate, and can
be configurd¥Qad¥3gei2%ow through the second flow channel into the secoRECHEMIEER40MAE mixing
procedure can also include flowing the second material from the second flow channel into the second
chamber, aetubtingnhigucehtrotettselriérsdesvesBhnhibitchemttbirend ththsefiost mhdrsbenni isolation

valves, and Ui 0 SPIRUPLIRRL e, VSt FREIRET UPHGR BRUIUSHRGRARLYE (g e second

chamber, SO as to mix the first material with the secon ilal. The interface valve can include a
portion of asplateriacevehanhdefornsdrid defhanttblayenaine cladtiheericsisstestodidjadent to the

thirdlayer, g Y, AP0 ARRSEGTASANINOARICA,5A0 BereanftiactiBeRntal gbeteen the

first chamber ano_l the secqn_d chamber. I some embodim'ents, a first isolation valve mg:ludes_ a first
deflecfablecmbedibnents, msepenechivlatiorrvmivelints adestingaromdctetie chabke hie piorade fland the

process of Actalng e sl hanRRt OEHARs Hﬁf&‘ﬂﬁ‘éi g4 Uflﬁh?&g. sgaandasliectablean

membranes. In some 5 embodiments, mixing techniques can include actuating an interface channel to

provide fluid@odsrapoitiod! e tnefiehsirrdHamrsr iandenels s @ ctharplasiomerin taksces/alve
can include gerion At A palace chanel m%gr@i B HLINES A iBE RIS IMRHIC AU ate

adjacent to the third layer, and can be configured to control flow through a reaction channel formed in
the third laj@impd sothe basktlayan ilteeaecwivaBantoricRisadydsfisdiabldcodeéletirbite, and the

procass of acaling hirimerArShATRELAAR AYvde:ruakng e defleqiable mampriape. Exemplary

mixing techniques may also include holding the first material in the first chamber at first pressure and
holding thedsBeeiabl priaganiaaie thBxsanaty chamBdedinddses oy sressirads hotdm g dbgihgsthe first

material intg e S6RQRC GRATIRILIR SOTRE FRISSRIISIRIESHIS IS isAtasHhan the sesrad

pressure. In some cases, the first 15pressure can be about 10 psi and the second pressure can be

about 0 psEITODRE) dhasacana tpissaspaitios ieFderieniediny engredannfavaatereit Rivebamidrofluidic
device havigg,a plwalihe offirstfQur chaprels-iarmestinadiehlavaref anslastomeariasybsirate, and a

plurality of first chambers. Each one of the plurality of first chambers can be in fluid communication
with dTorrBEpSHMEiSafiPstARow éﬂﬁhéﬂ@ﬁ@ﬁéeﬁm&ﬁ?wwaﬂ&? 2bR¥idhpgls. A microfluidic device
can also include a plurality of control channels formed in a second layer of the elastomeric substrate
adjacent td 98&0irstlnyer aneidier pineatitprabdidsmigtieeioh e arveentmachmber bf hde plmetigfloidiest

isolation vajues can he ispaser IPRerRaresRansing firsh flow shangel g the plrality;of first flow

channels, can include a first portion of a corresponding control channel of the plurality of control

channels, anestatebadsadnridiired fodoheoibiow Frduerethbtie respiyonhdiftstmorw ahgandrinto a
corresponding, fifst SHAMBR LGS IRGRYraie P b5ss- Sdharo ARIGIOIHIHIG ARYiee GaNn have a

plurality of second flow channels formed in a third [ayer of the elastomeric substrate adjacent to the

secorf layetaniidsa pluraigfloidedsitbesamberdnetnén opleustith® brordiey droasbn@ehedibers can
be in fluid commpRicatignit.aEAESRORdIE sarRd o channel of e IGaib pigscond flow

channels. A microfluidic device can also have a plurality of second '
isolation valves. Each one of the plurality of first isolation valves can be disposed along a

corresponding first flow channel of the plurality of first flow channels, can include a first
portion of a corresponding control channel of the plurality of control channels, and can be

25  configured to control flow through the corresponding first flow channel into a corresponding
first chamber of the plurality of first chambers. Further, a microfluidic device can have a
plurality of second flow channels formed in a third layer of the elastomeric substrate adjacent
to the second layer, and a plurality of second chambers. Each one of the plurality of second
chambers can be in fluid communication with a corresponding second flow channel of the

30 plurality of second flow channels. A microfluidic device can also have a plurality of second
isolation valves. Each one of the plurality of second isolation valves can be disposed along a
corresponding second flow channel of the plurality of second flow channels, can include a

second portion of the corresponding control channel of the plurality of control channels, and



isolation valves. Each one of the plurality of second isolation valves can be disposed along a
corresponding second flow channel of the plurality of second flow channels, can include a second
portion of th&/@3f¥6BHing control channel of the plurality of control chanP&I3/&R8030¢9104
2009/126826PCT/US2009/040104 can be configured to control flow through the corresponding
second flogroHwmeasiligtocd toeespddtingtkeoghdisheorivepaiding ghovalitylol sbeoned ohiambers. Still

further, a ’Ebgt%ﬁé%ﬁ?@é%n‘i%h%ﬁ%&ﬂﬁér ﬁwraﬁyé‘féié’d&&&‘@ﬂﬂ%%@r & H}r{ﬂ ;fyird layer of the

elastomeric rate. Each one of the plurality of reaction channels'can be in fluid 5 communication

with a corréﬁpmfhih’gjc_fi(ﬂst’iﬂframbb@\@f qﬁmlnﬁ@ﬁﬁmmiméimh@ﬁp&@m Qéd@'ud
chamber of the, RUFRIIGRESECORANAOBLIR. MGG AR MAM AR ICIHGfR.f plurality of

interface valves. Each one of the plurality of interface valves can be disposed along a corresponding

reaction cmmm@nofqﬁé)pIWriéhi@/Q@ﬁm@dﬁlg@ﬁh@g@b@mﬁmﬂﬁ%@mgﬁ&ﬁm@&matmdt?er and the
corresponding SEERMA SOATREENSABPCHAR HRAPURLQIA FRRRIRINAIRG INRFRG G ChARRE! of a

plurality of interface channels formed in a fourth layér of the elastomeric substrate adjacent to the third

layer, and &y Bseairigdeadtorebived] méwiaseowrdyethLeokrespohthagreabtionfdhtattast JOOKE] In a
still further @gpgCl; SHRAIBR t§&H%%ﬁﬁ%‘&immia{hﬁﬁ&%ﬁ%@&JH{SJQM%M‘?&&%M ing a

first flow channel formed in a %]rst layer of an elastomeric 15substrate, a first control channel formed in

a second |Ayeresndhetastoipetiing Bt shansbad anddbesamierncidanatdorchelpinbeniag iaghidst an
elastgmerig SURRIFASE a TORSSEARh PXRLSAR REAdiAcent IR, ARG RGHeE R RE AihIaY &5.A04 fhe, third

layer. The microfluidic device can be configured so that a change in pressure within the first control

channel sifsuiEnaseissf e glastensaigguhsivaiedineaat ieshanbisbléort Aodcendereriigopbir] For a
fuller U”deE%EﬂP&i?Pl%\thfRGu@ﬁtH{@&%@%ﬁﬁﬂ{@gg&%%ﬁﬁé@”t invention, reference should be had to

the ensuing detailed description taken in conjunction with the accompanying drawings. BRIEF

DESCRIPTIAN OF THERRMINGS.. AAHEIR deIRpifis apRisBsgie iam At cell of am

crofluidic device according to 25embodiments of the present invention. [0014] FIG. |A shows an

exploded pareysebtidic \ﬁ@oi»cgmfdtxg@ﬁmhﬂm Jdraanphifseirdfia mﬁmbmrrtﬂ @_ﬂ_é\/ﬁiésmming_ to
embqdimeigof-the preserhinyedieRe[90mb F P2 LBHQ 1 Shammitiqitdic RRld.accorfing to

embodiments of the present invention.
second flow channel formed in a third layer of an elastomeric substrate. The second layer

can be adjacent to and between the first layer and the third layer. The microfluidic device can
be configured so that a change in pressure within the first control channel simultancously

modulates fluid flow within the first and second flow channels.

20 [0012] For a fuller understanding of the nature and advantages of the present invention,
reference should be had to the ensuing detailed description taken in conjunction with the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 depicts a perspective view of a unit cell of a microfluidic device according to

25  embodiments of the present invention.

[0014] FIG. 1A shows an exploded perspective view of individual layers of a unit cell of a

microfluidic device according to embodiments of the present invention.

[0015] FIGS. 1B to 1E show microfluidic molds according to embodiments of the present

invention.



WO 2009/126826PCT/US2009/040104 [0016] FIG. 2 illustrates a perspective view of unit cell of a
microfluidic device according to embodiments of the present invention. [0017] FIG. 3 illustrates a
perspective Widi08¥ 2e8#¢rofluidic device matrix having multiple unit cells ackerfigo9/8#itddiments of
the present invention. 5[0018] FIG. 4 illustrates a perspective view of a microfluidic device matrix
having mult§9Eolinitdeils aldessrdinyap@mbodimerts of thet pedsel inleotlordi{oB18jcRIGs dingto 5C
show crosgzseatio;vigys ﬁtﬁéﬁ%@%ﬂﬂﬂ%ﬂ%ffe unit cell according to embodiments of the present
invention.  [0020] FIGS. 6A and 6B show a microfluidic device according to embodiments of the
10present io FIG, 7 illustrates a microfldidic. dewjce,acearding to embodiments of the
orosent i ORLoh, o521 I it SR S e SR e e S RO e
present inventiorl]slB{@Hd BlgRiGibilidsiatea thhptesitrogragttonwith scale bar, of an exemplary
microfluidic device according to embodiments of the present invention. [0024] FIG. 10 illustrates a
readesimai® H]an dxe rmpl arytmatesr o faidie déxdcecac o6 edimig riaflaid noditmen tsanfi thiea pnes entliiptention
[0025] FIG. 11 illystrates.a reader.image of an exemplary. microfluidic device according to

20embodiments of ?hcgoﬁ?ié%%ﬁ? ?r%l/té% fone.nfﬁ iV ﬁ?l}]sef}g?éls' a reader image of an exemplary

microfluidi ice rding to bodiments of .the present invention [0027].FIG. 13 iJlustrates an
ol Vit e Aol ottt il el o A G R
elastomeriadeladin@asondboditncarmbédimprisof e miesent 25invention. [0028] FIG. 14 illustrates

aspects of a microfluidic system and method according to embodiments of the present invention.
[0020] FIGS. 6A and 6B show a microfluidic device according to embodiments of the

10 present invention.

[0021] FIG. 7 illustrates a microfluidic device according to embodiments of the present

invention.

[0022] FIG. 8 illustrates a microfluidic device according to embodiments of the present

invention.

15  [0023] FIG. 9 illustrates a photomicrograph, with scale bar, of an exemplary microfluidic

device according to embodiments of the present invention.

[0024] FIG. 10 illustrates a reader image of an exemplary microfluidic device according to

embodiments of the present invention.

[0025] FIG. 11 illustrates a reader image of an exemplary microfluidic device according to

20  embodiments of the present invention.

[0026] FIG. 12 illustrates a reader image of an exemplary microfluidic device according to

embodiments of the present invention.

[0027] FIG. 13 illustrates an exemplary microfluidic device, showing channel connections
between input wells and an elastomeric block, according to embodiments of the present

25  invention.

[0028] FIG. 14 illustrates aspects of a microfluidic system and method according to

embodiments of the present invention.



WO 2009/126826PCT/US2009/040104 DETAILED DESCRIPTION OF THE INVENTION [0029] It is
understood that the invention is not limited to the particular methodology, protocols, and reagents, etc.,
described hBRi#045 &% may vary as the skilled artisan will recognize. It REARS160pE0HHerstood
that the terminology used herein is used for the purpose 5of describing particular embodiments only,
and is not intended to limit thé$dopE-BDAERCEARGHON IORIEH LI HdtdtNat as used herein and in
the appended claims, the singular forms "a," "an," and "the" include the plural reference unless the

context clegigpgiictates piigRtisg TAuRe ial SXAMREn A IRIRKENERIRR paraelliSArERNABES, to one or
more cells and equivalents thereof known to those skilled in the art. f0[0030 Unless defined

otherwise, BPiRetmicaldptrseierific ferritbaddeRBrath Hate iy ¥ameavtisaitlpd agisamibnly

understoogyang.ofierdinaryoskihindheiest i ichdhaiHovsHHias-RekAinS:s TReembadi ©of the
invention and the various features and advantageous details thereof are explained mare fully with

referefice O REGTEHDERRIHG EASISERAEH SR Bk SRie dehHttsRddesdimédinternsfidhiated in the
accompanyiRgrtorravinasand sletaiasinthe J@é@ﬁ@%ﬁﬁﬁﬁmmpf;eﬁmw@191%1@9a%ismgame

features illustrated in the drawings are not necessarily drawn to scale, and features of one

embodimefiHity e Shp R dNtHIIHEE thamdurhErrsassimlernidy senie Wetily dieidtitize, even if

not explicithiiiatee harrin. fOeserRprRNE RIFWEHKRIEWR CIMRONRITES-ARE Brose s Mg ecaNigras may be
omitted so as to not unnecessarily obscure the embaodiments of the invention. The 20examples used

herein are §HENHERHBrER tsTaRMiadhaserkdlsd iatlimgrof ways in which the invention may be

practiced and to further enable those of skill in the art to practice the embodiments of the invention.

Accotfingl{P4R8] exEimiste slefierd wihsitentd] frslarahmd dsiontic dematriesd AswitiAgetHE scope of
the inventign,whighhis gefineshsalsly n ke RBRRASHE JeinsARd appicarielaw MeEgeNer. it is noted

that like reference numerals 25reference similar parts throughout the several views of the drawings.

[0031] AccBitRRtRR PrEtiaed Thfsathatiyme ok theanysatiafisnd decripunherscsfarh terms related to
the inventign\arsLefined-snecifisaldr ok slayittaRiERYOR NS WRfiniions & aansiste Mt how a

skilled artisan would understand these terms. Particular methods, devices, and materials are
described, ErPRiigeainwRcraR enthahate Aatsihsiandpr illustrated in the accompanying

15  drawings and detailed in the following description. It should be noted that the features
illustrated in the drawings are not necessarily drawn to scale, and features of one embodiment
may be employed with other embodiments as the skilled artisan would recognize, even if not
explicitly stated herein. Descriptions of well-known components and processing techniques
may be omitted so as to not unnecessarily obscure the embodiments of the invention. The

20  examples used herein are intended merely to facilitate an understanding of ways in which the
invention may be practiced and to further enable those of skill in the art to practice the
embodiments of the invention. Accordingly, the examples and embodiments herein should
not be construed as limiting the scope of the invention, which is defined solely by the
appended claims and applicable law. Moreover, it is noted that like reference numerals

25  reference similar parts throughout the several views of the drawings.

[0031] Accordingly, provided immediately below is a “Definition” section, where certain
terms related to the invention are defined specifically for clarity, but all of the definitions are
consistent with how a skilled artisan would understand these terms. Particular methods,
devices, and materials are described, although any methods and materials similar or

30 equivalent to those described herein can be used in the practice or testing of the invention.

All references referred to herein are incorporated by reference herein in their entirety.



30equivalent to those described herein can be used in the practice or testing of the invention. All
references referred to herein arc incorporated by reference herein in their entirety. WO
2009/126828PCT1YB98%¥9/040104 Definitions [00321 PNA is peptide nucleRCAGFIEOA31PNA is
locked nucleic acid [00341 DA is dynamic array 5[0035] PCR is polymerase chain reaction [0036] BSA
is bovine serum albumin [0037] FRET is fluoresdé¢fteitiespnance energy transfer [0038] GT is
genotyping  [00391 PEG is polyethylene glycol 10[00401 PLP is padlock probe [0041] The term
‘adjacent” §0323¢d Rdlaim gamelatiydefersid the positioning of the primer with respect to the probe on
its complementary strand of the target nucleic acid analyte. The primer and probe may be separated in
a range of pieda] 1 iabaulo2Raduaieliidesidmore specifically, in a range of about 1 to about 10
nucleotides, or may directly abut one another. 15[00421 The term "analyte" as used herein, generally
refers to a feecigjc aoidl i@aaue aimiixture of nucleic acid molecules, defined infra, that is to be
detected or quantified using the methods of the invention. The terms "target nucleic acid analyte" and

"nuclec acjgoasplyteC IR PeRaRkchiangeakiiaith the term "analyte” for the purposes of this
invention. [00431 The terms “complementary” or complementarity” as used herein, may include the

20natural e obRAYIUslaAtidesHNdBLRG MIssive salt and temperature conditions by base-

[0037] FRET is fluorescence resonance energy transfer
[0038] GT is genotyping
[0039] PEG is polyethylene glycol

10 [0040] PLP is padlock probe

[0041] The term “adjacent” as used herein, generally refers to the positioning of the primer
with respect to the probe on its complementary strand of the target nucleic acid analyte. The
primer and probe may be separated in a range of about 1 to about 20 nucleotides, more

specifically, in a range of about 1 to about 10 nucleotides, or may directly abut one another.

15 [0042] The term “analyte” as used herein, generally refers to a nucleic acid molecule or
mixture of nucleic acid molecules, defined infra, that is to be detected or quantified using the
methods of the invention. The terms “target nucleic acid analyte” and “nucleic acid analyte”

are used interchangeably with the term “analyte” for the purposes of this invention.

[0043] The terms “complementary” or “complementarity” as used herein, may include the
20  natural binding of polynucleotides under permissive salt and temperature conditions by base-
pairing. For example, the sequence “A-G-T” binds to the complementary sequence “T-C-A.”
Complementarity between two single-stranded molecules may be "partial,”" in which only
some of the nucleic acids bind, or it may be complete when total complementarity exists
between the single stranded molecules. The degree of complementarity between nucleic acid
25  strands has significant effects on the efficiency and strength of hybridization between nucleic
acid strands. This is of particular importance in amplification reactions, which depend upon

binding between nucleic acids strands and in the design and use of molecules.

[0044] The term “covalently attached” as used herein, generally refers to an attachment of

one molecular moiety to another molecular moiety through covalent chemical bonds.



pairing. For example, the sequence "A-G-T" binds to the complementary sequence "T-C-A."
Complementarity between two single-stranded molecules may be "partial," in which only some of the
nucleic acid¥ QiA¢962{t8A¢ay be complete when total complementarity existPEdtNERYAE Ligle
stranded molecules. The degree of complementarity between nucleic acid 25 strands has significant
effects on 1884&tFicidiheytant diyengshvesidriydirioizacivmablotvedens touigiorgeidostraindeganis is of particular

'mportanc‘?ﬂglé‘éyf%' ifh%?%%?%@‘%%%@.?ﬂ%ﬁ%‘%h@?Q&Qﬁo&ﬁp&% Q}QQ ?t SRl %&e{% ghgnds and

in the design use of molecules. [00441 The term covalent ed as used herein, generally
refers to am@ttachment of one molecular moiety to another molecular moiety through covalent
chemical bonds. WO 2009/126826PCT/US2009/040104 [0045] The term "dye" as used herein,
generally réd@4dlo ding mgaﬁﬂwrdmngatyc”melmcdledtm gmerbﬁﬂe@@magmd@c thaliatiots at a
el GLERIEL AR LB AT OOMELING [P Ierestertnen uRed berginueneraly
refersto any dyet &t emits belectromagnetic radiatio gfalonger wave eng uorescent
mechan|smwp@numamﬁ@ﬂ@ntMgmee@iaemms@nha@ﬁetmmzpﬂnomcquh asealbaﬁmp, a photodiode, or
a laser. [00471 The term "GT sample buffer,” as used herein generally refers to a buffer that is capable
of blocking[mlztdhg “s?lte$ecnn théTsmﬁqﬂe i fifee, T @aciiod lchanngts amldycleéembiers tudddhahip. The
buffer protects ct| Pnen gsfro %1’ ftlcon Fﬁlrlnl%agt e chi |°aff§”a% (t rocess .or reaction.

It may also rgauce e usa Bél ona?nr aBs ymerase y ess har about 80% for reagent
costs. A meffﬂumaﬁm@lmﬂecm dmmbm&bnmmﬁpeﬂame fieltv depFetibn, BBAg SueparipldekdRng 20 (in

BS) Therma SC|ent|f|c Rockford, | erb ckO (i The Rockford, IL
Super%locl?(r 0) in ?IBT§§ (t]%errﬁo é% ii ?olrléa % fBl?%}ar% ockg %}8‘?{? g‘ﬁggﬁefaﬁﬁ%ﬁfﬂl%g
Scientific, Rraoldbodt HOfyo1foglyaemat ; cE’ﬁG AOZO@@}PEﬁfM MED5CIREG dME B ahbieTareen 20.
[0048] The {&fm '%30%@9‘@ A% Lﬁﬁg %@ @‘% aeralk Lt {ﬁ 1O2, TR thg%‘iﬁr‘} detect or

IOOS ay €

guantify a uclelc analyte atrequires n processing fo recor sult of the assay.
The homogeipetdassnys MRS IE kemried aanirficlddedk faisb 1ok Supmiﬁllmk@a(ma?B WHdteemaofurther

addition Ofég%ﬁﬁﬁs RLSMBRERS ”‘33 ePDWS'%@aJI%“@ i FBSYP PR F%V%C? (e ROLRRIS qRge the assay

is started. omogehous assays a reco ation o e assay i rea time, m€aning that
the rdsult ofljlverab N, o) BRGNSy 3@ dVETeM MEH0Assay Pregred@es in time. [00491 The term
"hydrolysis probes" as used herein are generally described in U.S. Patent No. 5,210,015 incorporated
herein by rE!IMBhceTilneitsrentﬂletyogb]nbrmﬂy\skaﬁhabesetiikera'ﬁagmrbdgereifetbe@-nwdlma% detideity

presentin the ﬁg%{%og’ tna{lbcll%l-g 2% 1¥ Tﬁéa%ﬁgt ?ch 8§ no post-assay processing to record the result of
the assay. The homogenous assays may be carried out in closed tubes or microfluidic arrays
where no further addition of reagents or supplementary chemicals are necessary to record the
20  result once the assay is started. Homogenous assays allow recordation of the result of the
assay in real time, meaning that the result of the assay can be continuously recorded as the

assay progresses in time.

[0049] The term “hydrolysis probes” as used herein are generally described in U.S. Patent
No. 5,210,015 incorporated herein by reference in its entirety. Hydrolysis probes take

25  advantage of the 5’-nuclease activity present in the thermostable Taq polymerase enzyme
used in the PCR reaction (TagMan® probe technology, Applied Biosystems, Foster City CA).
The hydrolysis probe is labeled with a fluorescent detector dye such as fluorescin, and an
acceptor dye or quencher. In general, the fluorescent dye is covalently attached to the 5’ end
of the probe and the quencher is attached to the 3’ end of the probe, and when the probe is

30  intact, the fluorescence of the detector dye is quenched by fluorescence resonance energy
transfer (FRET). The probe may anneal downstream of one of the primers that defines one

end of the amplification target site on the nucleic acid target analyte in the PCR reaction.
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used in the PCR reaction (TagMae probe technology, Applied Biosystems, Foster City CA). The
hydrolysis probe is labeled with a fluorescent detector dye such as fluorescin, and an acceptor dye or
guencher. INVEEHWPAI2¢B fluorescent dye is covalently attached to the 5' enRICA7H0pIEHR18hd the
guencher is attached to the 3' end of the probe, and when the probe is 30intact, the fluorescence of
the detectddsye theqpedyises byctivdrestdrcEapsunancemmdifgsatiamofah (RRETNIthe prolse may

e byt . RETREk ROl may
Puclc aci o A e Ao T L0 e RSB g e

polymgrasé%mﬁmﬁ;ﬂm @Iﬁé@m@ni&ﬁwm@ﬂ@I'iﬁéh@i@nmﬁit@tm@b@ﬁmm%tmla}@éﬂﬁ@ids disdbted by
one p”merut}g@e'as,rﬁ'BﬁﬁFe?rﬁ ol iR AroRe #R9 2 REGORYRIREE AL EﬁQMV@/‘ﬁ%Feaﬂﬁb%ﬁQF‘e&’ﬁgﬁebUt

anneals to the opposite strand of the target hucleic acid. As the upstream primer is extended, the Taq

polyr_n(‘?éras(la‘S @m@h@ﬂxh@@@gimﬁh@m@h@e&&ﬁéﬁé@pi’@b@@i@ sutrezatedand dogniteecshe probe-template
hybrid as a,5HRSHR . APHINAIPRE IB'BQ.S%%%98%8[3@%@%&%&9%@%9%1?'}919%‘350[%3'5 reaction

irrevocably releases the quenching effect of the quencher dye on the reporter dye, thus resulting in

increasing @a@&tmﬁf&@%@%‘@@e‘lmml@m SQBCESIROPT IQY@@@.S IW%)&M&P%@W@@W%@@WO bes
of the invenfign. may.capable.af driesing %@?@E%ﬂfl@"ﬂl RS NAE AR ORI fityman and 10

other transcriptomes and may have a high T1, of about 70C enabled by LNA analogs. [0050] The term
"label" as uBEeNHerdimbfapstls ahyutstnsBrtieenmtiickotinthe aseeprorpeovidthe erastanie

and/qpquagifiable. signab-espariayleIve Jaheh eandes rtached 1o Anyalsis Reid Arpggtein. Labels

may provide signals detectable by fluorescence, radioactivity, colorimetric,”X-ray diffraction or

20sorption) A6 T SRR activilys SRS, talffia dNBdRMIREICATH: Atted

herein generally refers to cDNA, DNA, RNA, single-stranded or double-stranded and any chemical
modificatiopreveteefdeigetals mMdmnmeLiRbINEaleldaxetibeldrithy B gmmbNutach s, 499,

6’670’461’n@l\ﬁ@%’é@lﬁ’(ﬁr'bqOQGYIZOLZI%QI,?%%%Q’?&QQ{?&?{% Y LEIERNGE AP GRUTENYi Y UglsIg acids

may be of any size. Nucleic acid modifications may include addition 6¢f chemical groups that

incorporate@losduitionaf chn i Eradien zasiigriidrogegnbosbirmgzeietioseattyn mrd diohkand
functionality to the individual nucleic acid bases or to the nucleic acid as a whole. Such modifications
may iHcludddddifidthdbases suckemsaidiositiosd hegeinpodifidGtioris;s3poddn PNnIAING,

modificatio -ROSItI rj odificati odifications.at & ' xocycic amings, substitutions
o1 5-broma e B e e R atT cuch
as the isoblabés isdtiidiralasudilsdgodnitifetanidNhe MKEATH ntidiéicdadic cH3 A80dended from a

CompIeteIyﬁﬁﬂﬁg@l@y&&bﬁ%g&@&%ﬁ%f*&&g&e in their entirety. Nucleic acids may be of any

size. Nucleic acid modifications may include addition of chemical groups that incorporate

20  additional charge, polarizability, hydrogen bonding, electrostatic interaction, and
functionality to the individual nucleic acid bases or to the nucleic acid as a whole. Such
modifications may include modified bases such as 2’-position sugar modifications, 5-position
pyrimidine modifications, 8-position purine modifications, modifications at cytosine
exocylcic amines, substitutions of 5-bromo-uracil, backbone modifications, methylations,

25  unusual base pairing combinations such as the isobases isocytidine and isoguanidine and the
like. The nucleic acid can be derived from a completely chemical synthesis process, such as
a solid phase mediated chemical synthesis, or from a biological origin, such as through
isolation from almost any species that can provide nucleic acid, or from processes that
involve the manipulation of nucleic acids by molecular biology tools, such as DNA

30  replication, PCR amplification, reverse transcription, or from a combination of those

ProcCssces.
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a solid phase mediated chemical synthesis, or from a biological origin, such as through isolation from
almost any species that can provide nucleic acid, or from processes that involve the manipulation of
nucleic acid¥S\2#iEesar biology tools, such as DNA 30replication, PCR RfpIcH#8(49&kkrse
transcription, or from a combination of those processes. WO 2009/126826PCT/US2009/040104
[0052] Thel69a2]"nddieicaichpebbieaeid peelkhesaiscibhwtsitisie moitb thacidatrie camtdesaxtlorse

covalently gitached dyg. a%‘cé%ﬂe%%g?ré!%Béﬁs&ea[‘hﬁé{%slé&ﬂadg@“ﬁrpﬁ?&cﬁfﬁ’l"??@%%ﬁb%oc{o%%@” a

sequence complementary to sequenices used to prime the PCRreaction. [0053] The term "padlock
probe" or "furting spivsredmplemerdiyy rieféequoniseasBbligpnusidutileR headtigna length of about
100 base pairs. The sequences at the 3' and 5 ends of the PLP are complementary to adjacent
sequenced d038¢ taFgeterucigieddaill prdiytenrIPhE centsat] horooreplermintalfyrsagibneef the PLP there

is a "tag seguence; that may be u identify, t ific. PLR, The tag sequence maybe flanked
oy nisers g B e T R R R S e
tag sequendehd CUBemchsrdmmiplioratiotaty tthedjarget stye Gland3henagcsithd &¢ Roareratpteghnitito close
proximity i [ rodyct i [reul I
Carenated s T D R e B B HS e and
quantified ataftolydbtested fisHPTAQMAd{g)uRea MigndeTRkédrlyxamysisal pemeesiercerand amount
of amplico rel I . 1y rqge ' sample. For
description% 0 @ggé’é@%ﬁgﬁ‘gﬁﬁﬁg}%ﬁezﬁg‘?ﬁ %W%%%ﬁgéﬁg %%x(}rﬁ%%%%gg% é?lgh situ and
arraylBasedrmalydeititobim for thetpgst, gendmindst as Clorohhal® arcbFergltiontl dessomics
4:525-30; Nj t.als [ p i ' icating. cir ndy
Biotechnollﬂg%?:i%-tg;a%l srﬁg}ggé%@%%%%t%éﬂ g[gés p%ge%?{ggc riélar{\?gg%%é%%ﬁg%g?éé%%for localized
DNA detectiotccRStitnete? 65208881 The abovel relddacdbaredneomuratet GylavteddcBsherein in

their entireﬁfay be amplified and quantified and/or detected using TAQMAN® Real Time PCR, for

example. The presence and amount of amplicon may be correlated with the presence and

15  quantity of target sequence in the sample. For descriptions of PLPs see, e.g., Landegren et
al., 2003, Padlock and proximity probes for in situ and array-based analyses: tools for the
post-genomic era, Comparative and Functional Genomics 4:525-30; Nilsson et al., 2006,
Analyzing genes using closing and replicating circles Trends Biotechnol. 24:83-8; Nilsson et
al., 1994, Padlock probes: circularizing oligonucleotides for localized DNA detection,

20 Science 265:2085-8. The above references are incorporated by reference herein in their

entirety.

[0054] The term “PCR,” as used herein, generally refers to a method for amplifying,
detecting, or quantifying a specific region of an analyte. One skilled in the art appreciates
that there are several variations on the basic PCR technique such as allele-specific PCR,

25  assembly PCR or polymerase cycling assembly (PCA), colony PCR, helicase-dependent
amplification, hot start PCR, intersequence-specific (ISSR) PCR, inverse PCR, ligation-
mediated PCR, methylation-specific PCR, multiplex ligation dependent probe amplification,
multiplex PCR, nested PCR, overlap-extension PCR, quantitative PCR, quantitative real-time
PCR, RT-PCR, thermal asymmetric interlaces (TAIL) PCR, touchdown PCR, and PAN-AC.

30  Additionally, one skilled in the art would understand how to practice these variations on the

basic PCR technique.
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[00541 The term "PCR," as used herein, generally refers to a method for amplifying, detecting, or
guantifying a specific region of an analyte. One skilled in the art appreciates that there are several
variations oWVh2BYEERECR technique such as allele-specific PCR, 25 assdtaBiy RO WP lymerase
cycling assembly (PCA), colony PCR, helicase-dependent amplification, hot start PCR,

interseque iB8pediic OSSR PGRIINvEe mepbGRhgatestinrdiates PICRimetyrativrelpesdific PCR,
multiplex ligatj ificati ' o] - sion PCR,
uantiat O g e R B oot [T AL PCR.
touchdowrePOR eshsd RPN ABY JoAdeitioteiiiaagralyiledhiththphzsevoutdioneiabstardifiestien practice

these varie}%'gggogln e ‘?glﬁ?%gg IeShnIUE W Q,Z009/126826PCT/US2009/040104 [0055] The
icatio ' i

phase "preliminary ampli n reaction” as used herein, generally refers to processes for preparing

the sample grior to xunning the hemogenous assay. The term ipre-amplified sampley. may.be used
intercrgngle(g{)%]wit the p rase. ﬁﬁ?ﬁlgrﬁing?yugﬁélgﬁ%glﬁ% reerg%:1 |oleﬁﬁ% grFg ?h%%%tﬁfggsse%bgfvﬁgﬁlnvention
herein. 5[0p&&¢iThepedynepudificationcias ugdsl dreresimrgeddratly otiferslemanis pravessobydsioich

proteins, pg{g%%&t%doe%sch%&g%%il% c"’h% sﬁi%e Osre%o E%ﬁ;%rlrg other elements or compounds on the basis

of charge, molecular size, ot binding affinity. [ e term "quencher" as used herein, generally

refers to djrﬁe S t reﬂyec S the emi%siqn of flu&)[lescence of a}pothfeer d%_ 101[19(%58 The ferm "querying"

Tm quencner  as usc crein,, gencr TCICTS c Teauces .
as used h , generally refés 16 (fetermlnlng whether a aP@et-spem i proabe ISassociated with (e.g.,

bound to ocroastenafeldunrtsy thecrmiclrichacidiyanalyte, and optionally quantifying the amount of
target-specific probe in the sample. [0059] A "sample" as used herein, generally refers to a sample of
tissue @r flddI8Im Atteeran guarimel! isalsetirgrbiut peidiailiectforptasiv@raring wapithal uid, lymph
fluid, the 1§ext<=f=_rnal sfectioq;s of the skip, respiratory, inte %inal ancj[ e?i url[ﬂj% tractﬁ,. tears, saliva,
blood cells,atrl%%osl%e,%rﬁapﬁg, fid3 AN %Fﬁlp e 81g|‘htiﬂ{]f% cQIPESRUTE &Shstituen se.rfﬁcpgﬁi%ﬂ r, the
sample manhigtsinglé gsailsa P brgiitmefningdtledrtissnecsampdespatifl npedieibitpsiesipMoreover, a
sample may include environmental samples such as lake water, and food samples. 20[00601 The
phrase "sufgssitially ruaiifise’” Qrissdisaitialohisel atedicasousethtigeaintissuc or fluid from a

human or animal including, but not limited to plasma, serum, spinal fluid, lymph fluid, the
15  external sections of the skin, respiratory, intestinal and genitourinary tracts, tears, saliva,
blood cells, tumors, organs, tissue and sample of in vitro cell culture constituents. In
particular, the sample may be single cells, paraffin embedded tissue samples, and needle
biopsies. Moreover, a sample may include environmental samples such as lake water, and

food samples.

20  [0060] The phrase “substantially purified,” or “substantially isolated,” as used herein
generally includes nucleic or amino acid sequences that are removed from their natural
environment, isolated or separated, and are at least about 60% free, specifically at least about
75% free, and most specifically at least about 90% free from other components with which
they may be associated with, and includes recombinant or cloned nucleic acid isolates and

25  chemically synthesized analogs or analogs biologically synthesized by systems.

[0061] Given the tremendous diversity of polymer chemistries, precursors, synthetic
methods, reaction conditions, and potential additives, there are a huge number of possible
clastomer systems that could be used to make elastomeric blocks, layers, membranes,
microvalves, pumps, and the like. Variations in the materials used may in some cases be
30  driven by the need for particular material properties, i.c. solvent resistance, stiffness, gas

permeability, or temperature stability. There are many, many types of elastomeric polymers.
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generally includes nucleic or amino acid sequences that arc removed from their natural environment,
isolated or separated, and are at least about 60% free, specifically at least about 75% free, and most
specifically 30804836 90% free from other components with which they RedyU§208%8dti8ted with,
and includes recombinant or cloned nucleic acid isolates and 25chemically synthesized analogs or
analogs bididyicailyg symhesizeddineyistemmdio 0B} vl astermemsmeten il besityvotibtiymer
chemistries, Qe SRrs Y HREHE MEHIPRS AR BR AR ABR, RO RRIRDYRL BN Suthere are a
huge number of possible elastomer systems that could be used to make élastomeric blocks, layers,
membraneboidiogvalived, gumes chastbtheritkeolvadetioabite thel yisatsaads Rejsbutadicis.some cases be

30driven b%ﬁ H%lﬁS@og;éf%tég?EH&ﬁ'@ﬁ;ﬁiﬁ‘é‘ﬁ@%&g&&&%@ﬁéﬂu‘%cﬁ%‘é@&&fQﬁéjt%ﬁoRﬂg&%ﬁeﬁaa%d

permeability, Oor tem e stability. The many, many types of efastometic polymeérs.” WO
2009/526896P@THISPONSIBAERCY A brief description of the most common classes of elastomers is
presented here, with the intent of showing that even with relatively "standard" polymers, many
possibilitie 062 onBig ristin € poipiortad|asto andri holylorens include b plgizoisrerd, fpatyditacliene,
polychloro lyi rene: iene-st sand 5silicones
or polysiIo%%%i@%%éﬁ%ﬁé%c%r@%g 1%(%'%1[%%%%%&?%2&% gé%%%o%%@%{%%%%ggolﬁ%rized from
diene mondoudis band shleresdhe halyenoretelbalsienbentet pe clnsomare by velepostnerica cTitis, double

bond all jzat Ifur dt
form cross e b B R i e
multiier sdriithograshydyy mubiploteoiulthnizanibn bf thetapbrs wilsertioritedithotepssiso
encapsu'a%%rbx‘ﬁ?fé'i?hEﬁo‘?&%ﬁl?ﬂ%&%ﬁﬁﬁﬂ'@%ﬁ%‘y@%ﬁﬁs‘ng%§]a'°s‘ IQP}X%%%?H yigne has no double

|
bonds, but is crosslinked to use as an elastomer ing a’small amount (.about.1%) of isoprene

in the polymerizatiof. The isoprene monomers give pendant double bonds on the polyisobutylene
packbone, WHVaN o T R e v do A RO Bt TReE s S e
produced by livihgdaricnimpl lymariz dtibothat s ftremrdsaio thetpdy oleairstemmihatingpptenpein the
reaction). AiYRcRUTFLSAS SAEX(EHD0F ALred PSR LN makes Laneig! gandgare for a
photoresist encapsul%tlo system (where there will Be fenty unreacted mionomer |r¥tthel1|qU|d layer
pouréd on voprafi20dhe ebord. layer). Incomplete curing would allow homogeneous multilayer soft
lithography

[0064] Poly(styrene-butadiene-styrene) is produced by living anionic polymerization (that

is, there is no natural chain-terminating step in the reaction), so "live" polymer ends can exist
in the cured polymer. This makes it a natural candidate for a photoresist encapsulation
system (where there will be plenty of unreacted monomer in the liquid layer poured on top of
20  the cured layer). Incomplete curing would allow homogeneous multilayer soft lithography
(A to A bonding). The chemistry also facilitates making one layer with extra butadiene ("A")
and coupling agent and the other layer ("B") with a butadiene deficit (for heterogencous
multilayer soft lithography). SBS is a "thermoset elastomer", meaning that above a certain
temperature it melts and becomes plastic (as opposed to elastic); reducing the temperature

25  yields the elastomer again. Thus, layers can be bonded together by heating.

[0065] Polyurethanes are produced from di-isocyanates (A--A) and di-alcohols or di-
amines (B--B); since there are a large variety of di-isocyanates and di-alcohols/amines, the
number of different types of polyurethanes is huge. The A vs. B nature of the polymers,
however, make them useful for heterogeneous multilayer soft lithography just as RTV 615 is:

30 by using excess A--A in one layer and excess B--B in the other layer.

[0066] Silicone polymers have great structural variety, and provide a great number of

commercially available formulations. The vinyl-to-(Si--H) crosslinking of RTV 615 (which
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(A to A bonding). The chemistry also facilitates making one layer with extra butadiene ("K) and
coupling agent and the other layer ("B") with a butadiene deficit (for heterogeneous multilayer soft
lithography)WORP80K 1368 ermoset elastomer”, meaning that above a certainReMpBE3 PGt thelts and
becomes plastic (as opposed to elastic); reducing the temperature 25yields the elastomer again. Thus,
layers can dbhyehodulteigebenrdophealingy f0068] Pautgmrphyandsphotoproduced fromtdinsbeyanates
(A-A) and galfpbols ardamings B Ruineh hareoce AR afebahdiispeuanaifaand
di-alcohols/amines, the number of different types of polyurethanes is hiuge. The A vs. B nature of the
polymers, holyevachemisrshem useful for heterogeneous multilayer soft lithography just as RTV 615
is: 30by using excess A--A in one layer and excess B--B in the other layer. [0066] Silicone polymers
have great|8ft6itkurdh werstyn smthproeioé thgseapledmbel pdlyommdistaliycd\aitatslecfosshukatigns. The
ViY@ (Sighl iRk gl RIY§18 01 1 WO 2005/ RRERE T R0R IOARM Rlgws both
heterogenecus mu glayer soft lithogra ﬁya photoresist encapSIﬂ fion %as alrea y%een discussed,
but this is onlganstdspaersiicrbksfivikiigwmegHoasogsacbirs $tidon®) poliharcethishrogfante7pin
addition to .of ' "pyure” RO i S b (ki ay be
maded. ol e e e R e BB el
for allowinglhgtamogelagouss (Rmapk)renttitapeesoitilithogr apimomephotomesispentap doldiloboimdsuch an
approach t IS | d int I nsagents (i.e. one
NESANEA9RN alrf% g%%@;&[g@ 1 gﬁéﬁ'&%ﬁ@%ﬁ i%}’%e%er%%%’ %@‘@%‘% uﬁg’;

monomer bearing a pen ond, a earing a pendant are suitable for
hetertgeneousigxaossit 10mgttlliyer kothistherneashycomphinepprpaghnte apleddehtarydiagents are
added to a%gnt layers. [0068] The following is a non-exclusive list of elastomeric materials which
may be utilized in connection with the present invention: polyisoprene, polybutadiene, polychloroprene,
polyisobut poly(styrene-butadiene-styrene),,the palyurethanes, and silicone polymers;. 150r
iy UL (e R T S et R R O

in connection with the present invention: polyisoprene, polybutadiene, polychloroprene,

polyisobutylene, poly(styrene-butadiene-styrene), the polyurethanes, and silicone polymers;
15 or poly(bis(fluoroalLkoxy)phosphazene) (PNF, Eypel-F), poly(carborane-siloxanes) (Dexsil),

poly(acrylonitrile-butadiene) (nitrile rubber), poly(1-butene), poly(chlorotrifluoroethylene-

vinylidene fluoride) copolymers (Kel-F), poly(ethyl vinyl ether), poly(vinylidene fluoride),

poly(vinylidene fluoride-hexafluoropropylene) copolymer (Viton), elastomeric compositions

of polyvinylchloride (PVC), polysulfone, polycarbonate, polymethylmethacrylate (PMMA),
20  and polytertrafluorocthylene (Teflon).

[0069] Allcock et al, Contemporary Polymer Chemistry, 2nd Ed. describes elastomers in
general as polymers existing at a temperature between their glass transition temperature and
liquefaction temperature. Elastomeric materials exhibit elastic properties because the
polymer chains readily undergo torsional motion to permit uncoiling of the backbone chains

25  inresponse to a force, with the backbone chains recoiling to assume the prior shape in the
absence of the force. In general, elastomers deform when force is applied, but then return to
their original shape when the force is removed. The elasticity exhibited by elastomeric
materials may be characterized by a Young's modulus. Materials having a Young's modulus
of between about 1 Pa to about 1 TPa, or between about 10 Pa to about 100 GPa, or between

30 about 20 Pa to about 1 GPa, or between about 50 Pa to about 10 MPa, or between about 100
Pa to about 1 MPa are useful in accordance with embodiments of the present invention,

although materials having a Young's modulus outside of these ranges could also be utilized
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poly(acrylonitrile-butadiene) (nitrile rubber), poly(1-butene), poly(chlorotrifluoroethylenevinylidene
fluoride) copolymers (Kel-F), poly(ethyl vinyl ether), poly(vinylidene fluoride), poly(vinylidene
fluoride-hex@fugttptdedHene) copolymer (Viton), elastomeric compositions BEBAIFHAYRAIHde (PVC),
polysulfone, polycarbonate, polymethylmethacrylate (PMMA), 20and polytertrafluoroethylene (Teflon).
[0069] Allcdepeat alg Cpendhspuedy Holpmtc@icanigtoptiand Bootdaserisesnedtasiolners vgemeral as

polymers e%'bﬁlﬂgg s%@&&l%%ﬂ‘%%‘iﬁ ?S%Vﬁﬁﬂlg?é‘?tc}%%l%éafﬁj‘%ﬁ%?& tﬁ%ﬁé@%&‘ﬁﬁoﬁﬂ%lﬂk‘ﬁ@eﬂio”

temperature. Elastomeric materials exhibit e roperties because the polymer chains readily
undergo to¥stonalsmstibriunopehminaavellinglsiuhéStddibonteshahmPsiheepursestie oo e, with the

backbone ghiains iECOUNG, 10 SABIE: HIEPAR A RN AITHINERDARIES IPASHIULCE- JP3B0E3pa

elastomers deform when force is applied, but then return to their original shape when the force is
removad. Phidestasticity exhibited by elastomeric materials may be characterized by a Young's
modulus. Materials having a Young's modulus of between about 1 Pa to about 1 TPa, or between
about 10 P@93HbotitodiGPats of Hetwesendhabainprado atmeuril@ia dovibethaenchintast 50 Pa to

about 10 Mg, o1 BEGeD ARYL100 Ra 19 2Rt AMPA A5 4ell i aseaidange uith embodiments

of the present invention, although materials having a Young's mo esé ranges could
also be utikzeb WS 20001EEBRGPCTiItIB 2009/01010 ey endingl sipbanthk siewds obmgartioular
application efial ' I 00, MPA. %%pascals)
or less. In S)t{?g?%ﬁo ?rﬁozlrﬂ@ %h%%%ﬁﬁgsg ?rr\égg% Eg%o%%éé%aggﬁgf%%%gﬁ%%%ﬂ%%@é%ss about 50
MPa Ht leskyaboliti2slatPamer. [dds, iebgutt TV Peondbas; it @MBareiess!valrndtbchiPebor less,

or about 2 Mpg, 0 rfﬁé%i@%ﬁi‘%ﬁr&?ﬂgé%%l% HS-PEEISAINYEIHN BIVHE A fluidic device

that includes features such as channels, valves, and chambers, that are at least partially contained,
embedded{amiestimetispgondasisinod tlec sl astoreckydips ant lovidis ofsalvetastoméec tlookicrnlexenplary

microfluidigdevic éoﬁtﬁ?ﬁg%ghl%‘?{/_fﬁ?@@ﬂﬁlngﬂ B‘%%,Qﬁ;%ﬁé‘ﬂﬁef%%? ing ﬁ{ﬁtﬁt ySEgfan
elastomer. The reagent flow channel includes a containment valve and a chamber conduit. The
microfluidi@ldmrrﬁéyﬁgbthmsacmdtt@mh%@?@&ﬂm@mql@afdmeirf_@ aosewionttayer of
the efastomer adiaghiogie Boakiay e Wingh B Mg efitic feyics May COntaB AR flow

channel, or sample line, formed in a third layer of the elastomer adjacent to the second layer. The
sample flothereansat fray dhehnkd ecoetmaian eatvesyulvecaample fgvwisbpeasldginthaasnebiehannel

can be in opgrafive atsacialion i ot dhs reagentiguishannek seBiRRMEDk A VG ARfhe sample

flow channel containment valve. The microfluidic device can include a reagent chamber in fluid
communicagrasniitiehancbagenplmehambrn sl enambpiseiion iidlc draniaritation. Witk tisegsaimple

line. The reagafkFOAMRE AN NG SAMAIS G DIV REA MY RS- fiuid GOMMHACA LMD e ACBofher by

way of a
20  reaction flow channel or reaction line, formed in the third layer of the elastomer. The

reaction line may include an interface valve. The microfluidic device may also include an
interface channel formed in a fourth layer of the elastomer adjacent to the third layer. The
interface channel can be in operative association with the reaction flow channel interface

valve.

25 [0071] Embodiments of the present invention also encompass methods of making and using
the microfluidic devices disclosed herein. For example, operation of a microfluidic device
can involve opening one or more isolation valves, closing one or more interface valves, and
flowing material past the isolation valves and into one or more chambers, optionally under
pressure. Techniques may also include changing the pressure in a containment line to close

30  the isolation valves, so as to seal off the individual chambers, and changing the pressure in an
interface line, so as to open an interface valve. A first material in a first chamber can flow
past an open interface valve and into a second chamber, where the first material mixes or

reacts with a second material contained therein.
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20reaction flow channel or reaction line, formed in the third layer of the elastomer. The reaction line
may include an interface valve. The microfluidic device may also include an interface channel formed
in a fourth |3y€r289%Heo8%stomer adjacent to the third layer. The interface cR&EAHEI VAN HE1H operative
association with the reaction flow channel interface valve. 25100711 Embodiments of the present
invention al8878hcohwsaiss methodbodmakigs Hhe-ukidapitie amersifigidic devicekadistiostd Herdin. For

example, Oaf’&ri@}&ih?&ié‘{@%E‘Bf‘bﬂé{?lﬁﬂﬁ%@&e‘f%‘om}@é}{% QPRINIONG AIIRIS.ISPIRHR Y]lySS: closing
one or more Interface valves, and tflowing material past the isolation valves and into one or more

champers,iomi@naﬂfmﬁdéﬂmesé&@egﬁéiﬂiﬁﬁxh@r@mdyfalﬁdmcﬁw&te:hmhgﬁdé@hé soesssliebamagl
containmeni §ng 10, CIOFR A0HhG HRRANPHVANEINIQ AfiBSS30H JGaeMdka chMbEiSeARd.

changing the pressure in an interface line, so as to open an interface valve. A first material in a first

chamiBer celeflogl pabtaanispdacinetiectiiahnd ardastiomcbenoeld! ¢Rarhpeicalicificshéctifstanaterial
mixes or f%%%ﬁs\ﬁ'{}!&ﬁ'aﬁ§z°éaﬁ‘?am@&?Qﬂib%aaég['lﬁ%ﬂ%%ﬂ By \WQARAPA <8R ERGH %{1%8199%(??42}04

[0072] Turning now to the drawings, FIG. 1 depicts a perSpective view of a unit cell 100 of a

microfluidichevickeracbevoigneck hdifodithisass pittvd lyrdispesadvethion Uniler 1680 Mcludes a first
channel 130, q firstsgiatien ¥ veohddt anfiiiitnamRer 18R fsaeepdishaasl i fsesrpd isolation

valve 112, a second chamber 120, a control channel 150, an interface 5channel 160, an interface

valve 162, lapier d ¥é afwdisiomaaiteb ozl 1B)piehie throsecondtlies sradidenidoghetiansy astained,
embegdedg o foaraeeh b ‘?'iWi&@ﬁl@%@ﬁ%ﬁﬁ%@%ﬁﬂﬂ%&%ﬁ%ﬁ?@m e Jrsh shanrat hidis at

least partially disposed within a first layer 181 of elastomeric block 180. Control channel 150 is at least

partially didsdsadeirihs Hisddarer laydiarsnt ¢ 1 sesorditimockmatrcrisbranpel §8dsnt lRayer is
adjacent topalﬂﬁafliry%ﬁ%y@gedl%ﬁﬁ%%ﬁ%ﬂ@%lilélti%@élb%ﬁﬁh&%ﬂﬁﬂ%l@i%@%%ﬂé’%ﬂé@&ﬁﬂ%éyef 183

of elastomeric block 180, where the third layer is adjacent to the second layer. Interface channel 160 is
at least pattiahjaersp s Witkddarourth layer 184 of elastomeric block 180, where the fourth layer is
adjacent to the third layer. [0073] With reference to the "A" arrows, a first material, such as an assay
reagent, cdA0T3l 18Yitkotaderiree endmedL8oopast first iwetatioh suhasi@passay ieradiviscendlaber 140,

15  through first channel 130, past first isolation valve 132, and into first chamber 140.
Similarly, with reference to the "B" arrows, a second material, such as an assay sample, can
flow through second channel 110, past second isolation valve 112, through via 111, and into
second chamber 120. To allow flow into the reaction chambers 140, 120, first and second
isolation valves 132, 112, respectively, are both in an open valve state. To prevent or inhibit

20  flow between first reaction chamber 140 and second reaction chamber 120 through reaction
channel 170, interface valve 162 is in a closed valve state. Under such conditions, first
channel 130 is in open fluid communication with first reaction chamber 140, and second
channel 110 is in fluid communication with second reaction chamber 120, whereas fluid
communication between the first and second chambers is interrupted or inhibited. Reaction

25  chamber sizes may vary. In some embodiments, the volume of second reaction chamber 120
is different or greater than the volume of first reaction chamber 140. For example, the
volume of second reaction chamber 120 can be ten times greater than the volume of first
reaction chamber 140. Materials can be loaded into their respective chambers under pressure.
Relatedly, materials can be loaded into chambers at certain concentrations. In some cases, a

30  reagent solution is loaded into a chamber at a 10x concentration, and is then diluted when

reacted with a sample solution contained in another chamber.

[0074] After the first and second materials have been loaded into first and second reaction

chambers 140, 120 respectively, the control channel 150 can be activated so as to transform
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Similarly, with reference to the "B" arrows, a second material, such as an assay sample, can flow
through second channel 110, past second isolation valve 112, through via 111, and into second
chamber 1200TW&UBSAGW into the reaction chambers 140, 120, first and REBRGIEWABWValves 132,
112, respectively, are both in an open valve state. To prevent or inhibit 20flow between first reaction
chamber 1@ hnd sestond secanibinadiaenbatviksd 33sdughieractiorpehanhe! 76, tintertosssl valve 162 is

in 2 closed yglver gt \IOARE SHE ARNCHIANS. IFSHANRIAT (Hifkopen I commypication with

first reaction ¢ 'amber 140, and secqn‘d channel 110 1S i ' ommunication with second reaction
chamber 1z@ctigecbambienit ddenequiicatistebiaaktntheifiede aputsdsbatnchdaisaniglineenupted or

inhibited. Reagtion 25 CHAMRRETIAGS, DAY NADMIASAME 6 RedimEnisy e ¥alume, 8 seGend reaction

chamber 120 is different or greater than the volume of first reaction chamber _140. For example, the
volumé of seetabiflescichscheirdastenal cate beaemdnsastpreabembemn (Pecrasiomef ofsingleeaction

chamber 140, Materials cam hR.loadss iR dhe e SRealie, PRamPEIS HRSIRHBRESRHIE dReiaedly.

materials can be loaded into chambers at certain concentrations. In some cases, a 30reagent solution

is loaded istabdtantbmtenton ok bedushisaticlonandvis tharead vatalsndspleigctseonith @ Bumesié
solution coptingd i HIHIGCIRAM AR S04 LAMRE NG IR ARG SeEMd AT RIS IRy RERN loaded

into first and second reaction chambers 140, 120 respectively, the control channel 150 can be
activated sblds Retrtaiionnontrrode/12eB2ePeT)dspocoran 0aey edunt skfietand sedupd isolation

valvegy1324i112i50m AROARSANGIE R 30 41058 NaYERIAIEn I NS WAY diedhaieralkGan be

confined, optionally under pressure, within the reaction chambers. Hence, it is understood that a single

control chafpletigavakaniple vhsteoiietidiisetionds epppstintrotsrondadischifsmEm arinmica st reaction
chamber, apd GaR AIFORCART A JIMRTAISECOND MAIBH IR AERLPRY reRFHR e RRPRBR inQReration

of a single control channel can thus act to isolate a first volume of material or solution within the first

chamber vig@ad dpdetionthid vir sesbraioh s/ anenr3ed dHgctamn alkecisiagly sersplriarrselenmaterial
or solution yithi the, GARAShANBRE Mid) RAHALLRRK! %yggﬁ@%&'ﬁo@tﬂﬁ@ sYﬁéY@ bhtroRalatedly.

operation of a single control channel can cause a first defléction in a first 10direction at first isolation

valvel 232, Miatrrade e amBeadsrshwvit s Broisd s hsmbesasited 160 sadrblanreorabolyhere first
direction is,ppRARIteIISREONAUIABAIAR; R RXAMRIG: the ffieclionintheirtise Riaryualecan be

in the upward direction, and the deflection in the second isolation valve can be in the downward

direction. /AEediIiHEY o RtrsPEr bk rsashecasERtiohrvEIve 128 Fererastale siritittanaistialy by
operation qfthe,singlecantigl shanpelckalaterialzaan bespefingd withinsthedQartiancambers

under any suitable amount of pressure. In some embodiments, the pressure in the first reaction

chamber 1%¢héndifrapgaitrg Lo tnshiorbpvedsurd - ifelaredizonacrondidatenanitet a2, For
example, afiisiinaignal s asia ieagrnkaaihe tisnased infirsidaartion GiambariL 4Rmhafirst
pressure that is within a range from about 0 psi to about 15 psi. Relatedly, a second material such as a

range from about 0 psi to about 10 psi. In some instances, material can be contained in the

first reaction chamber 140 at about 10 psi, and material can be contained in the second

reaction chamber 120 at about 0 psi. Often, loading of the microfluidic device involves

introducing material into first channel 130 or second channel 110, or both, under pressure. A

25  pressurizing mechanism can be used to drive materials into the chambers.

[0075] In some cases, embodiments are directed to systems and methods for conducting
one or more reactions at one or more selected temperatures or ranges of temperatures over
time. A microfluidic system may include a plurality of separate reaction chambers formed in
a multi-layer elastomeric block. The system may also include a thermal transfer device

30 proximal to or near at least one of the reaction chambers. The thermal transfer device can be
formed to contact a thermal control source. Reagents for carrying out a desired reaction can
be introduced into a microfluidic array device or matrix. The array device or matrix can be

contacted with the thermal control device such that the thermal control device is in thermal
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20sample can be disposed in second reaction chamber 120 at a second pressure that is within a
range from about O psi to about 10 psi. In some instances, material can be contained in the first
reaction chaM{h&024a682@bout 10 psi, and material can be contained in theP$&ZERPRAENIM chamber
120 at about 0 psi. Often, loading of the microfluidic device involves introducing material into first
channel 13®orssvoritbaheitihgid thermalbathirohwer¢ressheba Ac@pprevsantihg raeghanisrt can be

used to d”Ye%éPS‘ﬁ%%%'ﬁM@a%?r?@ﬁ'%%ﬁsrs@%%%d%ﬁ%ﬂﬁo‘i?e%?és £RBAAIRENIS, ALe girected to

systems and methods for conducting one or more reactions at one or more selectéd temperatures or

ranges of t‘@lﬁpemwm@f @%twlm%mbm-sﬁémmyhnm@ﬁ@l&ﬁﬁb@ﬁmme reaction
chambers fprmed Ina meltplayer SIBRIAMSTIR £'9667 MO GV Pavals e 0GRS & MG FpR dgnster

device 30 proximal to or near at least one of the reaction chambers. The thermal transfer device can
be fored hereonbaccictheemaincemborsbarislcREag et dOrshergivicour shipsiedesaonitnd can be

inroduced inip & MRS AURLARHISH AT, T0E AURKIRUES: P13 YRR gntacted with

the thermal control device such that the thermal control device Is in therma
2009/126826F@T S0 91040704 indrmn Maleatidie Wit ihelthehnspesntrel sdigkdsspaprozted
temperaturﬁelcghth%,rl%qx&%%ei'n at least one of the reaction chamber is changed or controlled as a result
of a change in teniperature of the thermal control source. Exemplary thermal cycling techniques arc

discussediﬁdfﬁ' PREN R '&%igﬁ‘éﬁ&oﬁggy% ?c%%’%%%%’]ﬁ?f%i‘dh%ﬁ%@fd;?ﬁq{ﬁ?rc%i?‘?@er?in
by reference. In'some émbodiments, a microfiuidic device or chip can be coupled with or in operative
assodfatiorrivithmizrofmel cadevi ¢ecar@ptawderoThis) nBoshohdatipkg seriohaensions drediisexsgsed in U.S.

Patent No. /301,807 2. caNER ShYSh.  REQIRAGRIGH021eln DrcLelerens J007 GhEIG |4 shows

an exploded perspective view of individual layers of a unit cell 100 10of a microfluidic device,

according émllid&dinfe&ﬂsrdﬁ%l}@resﬁrﬂt ilayenti8h of anh mﬂe}wmm@ﬁmlg@m@héﬁ@meﬂc
membranegy WC%%RM@ B SART 36 CORINES (o PRSI Fayd: 16 lIKE, ﬁ%lﬂﬁ@é%%%c@ﬁf , first layer

181 of unit cell 100 includes a first channel 130 in fluid communication with a first chamber 140. First

layer 181 alBenihelubls &eweuhid shidhberclaBs Secotialisherd chuties vedhircinshaserandso, a
first g 111, apgha seeand Loyigs tid, d0Urd Javs 43 Ancludes.a Se rond ahamiald 19@nd @ reaction

channel 170. As further discussed elsewhere herein, unit cell 100 can be configured so that second

channel 11@1@11@( ﬁéﬁ@ﬁ&dm&rimmﬁé Wftmdb&ﬂmﬁ@aﬁmﬁﬁnﬂq%@tﬁm sisantbedrannel optionally
by way of vigyL 1l Eor PRt Feaing & tHifiRessaeriBab RIS ERm RaRMY! hpnnel 110 to

reaction channel 170 can involve removing a portion of second layer 182 that 20is disposed below
second chattiseellzbycransbiieflthls figiocpaspieyereating sofinidopesage that extends from second

channel 110 to reaction channel 170 can involve removing a portion of second layer 182 that

20  is disposed below second chamber 120. Creation of this fluid passage can also involve
removing a corresponding portion of third layer 183 that is disposed below second chamber
120. Similarly, unit cell 100 can be configured so that reaction channel 170 is in fluid
communication with first chamber 140, optionally by way of via 131. For example, creating
a fluid passage that extends from first channel 130 to reaction channel 170 can involve

25  removing a portion of second layer 182 that is disposed below first chamber 140. Creation of
this fluid passage can also involve removing a corresponding portion of third layer 183 that is

disposed below first chamber 140. Fourth layer 184 includes an interface channel 160.

[0077] Hence, as shown here, first channel 130 is at least partially contained within a first
layer 181. Control channel 150, via 111, and via 131 are ecach at least partially contained

30  within a second layer 182, where the second layer is adjacent to the first layer. Second
channel 110 and reaction channel 170 are at least partially contained within a third layer 183,
where the third layer is adjacent to the second layer. As shown here, vias 131, 111 are

disposed in second layer 182. It is understood that corresponding vias can be formed in third
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removing a corresponding portion of third layer 183 that is disposed below second chamber 120.
Similarly, unit cell 100 can be configured so that reaction channel 170 is in fluid communication with
first chambeV@200%RAe82ally by way of via 131. For example, creating a fluiB(iE8248/tHat0dxtends
from first channel 130 to reaction channel 170 can involve 25 removing a portion of second layer 182
that is displeset I¥dlow fisso chiavidbefludioSreationodtHiofuitiapazgalytd careetbo/invidiVerdmbving a

corresponding, pOrion ohi '&&%‘?ﬁ#ﬁﬁi&i&%ﬁf?’éﬁ%ﬁ&@&?'iﬁ%fiﬁ?#%\?@l?% Midu i Javer 184

includes an interface channel 160. [007 7] Hence, as shown here, first channel 130 is at least partially
contained wittriseetifirsefapennds 1tdandll ¢Aannier ks chirnna 1 68nd sideas pateabnconieieedt partially

contained 30withine, seeRd-/ayer JB2whers. the sesond davahis adiacent ta e fisstlaysrpcond

channel 110 and reaction channel 170 are at least partially contained within a third layer 183, where

the thitd layé? is adieasé perbathe cadoinddayehingrshiower h8te Ristchambe 14 endiepysasdtanesscond

layer 182. |fis Mg@ﬁéﬁféﬁg%d-ﬁlfﬁ%ﬁgréSﬁ&%%{'%t}ﬁii%so‘P%‘ BeIRURR: Bt W Qages located in
2009/126826PCT/US2009/040104 layer 183, so as to provide fluid communication from chamber 140

through viga®nd kg shiceleadrkird Tayardd Jitkieorevidiiedtion eeonmehzaniber 1o/ earolish via 111 and
into the intgfSEAloN £) cRAMEISH-hAANd d 4! Blerase ARAnNEhEa0 i ahieasikrttialiynenigiped

within a fourth layer 184, where the fourth layer is adjacent to the third layer. First chamber 5140 is at
least partia¥gcenseinaduitAh ifiet kpyepagallFieentaed yethin difat dayae lidbtamcwsmedn ¥assde least

partiglly coniaingd Nuiiie-anh SAEMNICRIBAWII RBSEARES \ARAIEG I S6RAREHIRYALA §4:ANd third

layer 183, thus providing fluid communication between first chamber 140 and first channel 130, and
between fiftssigansatdompreonaderat eRAnnethrd laseddd, chanweyidoe Ewd leasnpavgation

contained withinfirstdayeh8inde same instancestds8597@ chamber 120 can be at least partially

contained within or in communication with passages located in second layer 182 and third layer 183,

thus prowcfg%ﬁ]“d &E?EBPaH{%%WHQ JEBESILFESRRchGhamesh 13 and Egﬁﬁﬂ&”l%aa%’ﬁ]ﬁhﬂe@c@()78]

According e embodimerit shown in FIG. 1, reaction channel 170 and interface valve 162 are not

located witkitvehEodaatrengldaeatnd evidiagiir sealsananerot 40y el Susiopigmber 140 and second

15  chamber 120. For example, reaction channel 170 is disposed in third layer 183, interface
valve 162 operates at or near the boundary or junction between fourth layer 184 and third
layer 183, and first and second chambers 140, 120 are disposed in first layer 181. As the
routing passage or reaction channel 170 passes in a lower or different layer than that of the
chambers, this allows the chambers to be located in close proximity with one another. In

20  some embodiments, a sidewall of first chamber 140 and a facing sidewall of second chamber
120 are separated by a distance of about 120 microns. In related embodiments, a distance
between facing sidewalls of first and second chambers is within a range from about 40
microns to about 225 microns. For example, a first chamber sidewall and a facing second
chamber sidewall can be separated by a distance of about 50 microns, about 60 microns,

25  about 70 microns, or about 80 microns. Often, interface valve 162 is about 50 microns in
width. Hence, the distance between facing sidewalls of first and second chambers can be less
than, about the same as, or more than the diameter or width of the interface valve which
controls or modulates flow between the chambers. Accordingly, microfluidic devices
employing such architecture can present extremely large numbers of chambers within a given

30 area. Such high densities may be difficult to achieve in situations where a valve that controls

flow between two chambers is disposed in the same layer as the chambers.

[0079] First chamber 140 can have a width within a range from about 25 microns to about

75 microns, a length within a range from about 80 microns to about 240 microns, and a

20



15 chamber 120. For example, reaction channel 170 is disposed in third layer 183, interface valve 162
operates at or near the boundary or junction between fourth layer 184 and third layer 183, and first and
second chaMBa¥9a%58290 are disposed in first layer 181. As the routing pX§Jd4g&20#¥eHdddn channel
170 passes in a lower or different layer than that of the chambers, this allows the chambers to be
located in blogbtprakimiyranith Gom ahotéf) in@onsomebentSifdimentss, Rsideaghll Sfsirchashbenber 140

and a fad”ﬁté@’ﬁ’("t?alb@“a}%‘iﬁ&% %‘xﬁ}ﬁﬁﬁbﬂa%g ﬁB%%g%%ﬁfﬁ%Q}{oﬁ‘i{%ﬁt%‘%oﬁi R ANigEgns. In

related embodiments, a distance between facing si s of first and second chambers Is within a

range fromeéi@mm%(ﬁilﬁiﬁéif@ﬁ@ﬁﬁ h‘&fbg@rzlz@vmﬁcvdd@} FHor(escaengie, Ealﬁnglﬂ_@:héﬁnﬁ?ei Bideoe] and a facing
second chamber S4eWall6an BESEPBIARIPY A IRANGR S REMPOTIHANE RLALE AR TIFIARS:

25about 70 microns, or about 80 microns. Often, interface \(alve 162 is abogt 50 microns in width.
Hence) thevdibiarcengswesnazsihgbemiisiobbiest 3h0 secons, eHangbers ban hengssmpran, about

the same a0 BAMEINAN e lamalekeLidt of s raas AR GNP I Maglates

flow between the chambers. Accordingly, microfluidic devices employing such architecture can present
extremely fargeontfd9arscadehakbetesyitsipoadihambenatdd caubhveighy elansitdhinag eggifficult to

achieve in gIUALIGNS WHERS IAA SNALSPRIRIGHRW PEIUEERNWA ERANBRIR R AISRPSRAHL e same

layer as the chambers. [0079] First chamber 140 can have a width within a range from about 25

microns toisbiye? 3 NiemrEoasienisiethiedid 2 angerdisnh sttt 90 PR rossoes atislie 2abmgctbns, and
a W@y2009A g6R3REC TAIRRIOR(R4R MM Peighbwitin AdaBga ffems ARkl R BitranstaARaut 90

microns. Relatedly, first chamber 140 can have a volume within a range from about 0.1 nanoliters to

about 10 nBFevlitsrs CRefeesemapls! fistaakantiacan bshabrmbetal dlcnadotosons idiamscaababetitof 162.5
microns, a{iRjgh{-Af,R0 MICEANS. ARE MiOLMmE 96 A4R-PaneliersseaaAd shnhenl 2haapdtave a

width 5 within a range from about 70 microns to about 210 microns, a length within a range from about

80 microndisEme e 2houinicfbmicand LnsighllyitHie ecragige-Fercabitantsbefaohtheo Etout 450
microns. Rglatgglly »58%004-chaMBEN 2P Sadava 2 yalumeg within a range from about 1 nanoliter to

about 20 nanoliters. For example, second chamber 120 can have a width of 137.5 microns, a length of

162.5 ?‘icrﬁih%rg?oh%igmrﬁé NRsaicrens, anddoralimedrl H26:h RANRULEsTc O HEITHILIS dRyice

according to embodiments of the present invention can
have been prepared according to spin or pour fabrication protocols. For example, a spin

protocol can involve placing a polymeric material on a patterned disc or mold, and spinning
the disc to create a layer of polymer across the disc. Exemplary polymers include
polymethylmethacrylate, polystyrene, polypropylene, polyester, fluoropolymers,

20  polytetrafluoroethylene, polycarbonate, polysilicon, and polydimethylsiloxane (PDMS). A
pour protocol can involve pouring a PDMS material, for example, on a patterned template or
mold, which can result in a layer of PDMS which can be peeled or pulled off the mold intact.
Often, a layer prepared by a pour fabrication technique is thicker than a layer prepared by a
spin fabrication technique. Elastomeric blocks can include one or more pour or spin layers,

25  in any desired combination. In some embodiments, first layer 181 can be fabricated
according to a pour protocol. For example, PDMS can be poured onto a mold that has raised
portions corresponding to the various desired fluid flow channels and chambers. FIG. 1B
shows an exemplary mold 190b which can be used to fabricate first layer 181 of FIG. 1A.
After curing, the first layer can be peeled away from the mold. First layer 181 can include

30 openings, recesses, or other voids that at least partially form or define first channel 130, first
chamber 140, and second chamber 120. To create second layer 182, PDMS can be placed
onto a mold that has raised portions corresponding to the various desired containment or

control channels. FIG. 1C shows an exemplary mold 190c which can be used to fabricate
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provide a center-to-center distance between first chamber 120 and second chamber of about 300
microns. In some cases, this center-to-center distance is within a range from about 250 microns to
about 350 NYWEP3ALY/ BptRsnally, the center-to-center distance between the fiRE ERRAWBEPEMHthe second
chamber is about 312.5 microns. 15[0080] In some embodiments, a microfluidic device can include
one or morsdtaydreybai $hvé Henl pre plobt [Q0caaindstoisglindor fooaxdaipicauepostovtEdr

example, 3,5pi Rrotcah AR INY LS. BIRINg ARGNMENS Materl R 2 PRTLeIad disg,or,meldy and
lude

spinning the disc to create a layer of polymer across the disc. Exemplary polymers inclu

polymethyiinethaerphatsselipstprenedyolyidpieibs polyicgitatioordpolyrderyard the marks
20p°'ytetracﬂﬂﬁ{é’%%'ﬁ'aﬁoﬂpNﬁﬁ&b@&t‘émﬁ’%@'ﬂﬁﬂ@o ag%q&b«qw@%tﬁwyg@%% PORM 50

protocol can involve pouring a PDMS material, for example, on a patterned template or mold, which
can re$ult inddaymconrd s Whietndasliée peeaagsr gatissd ofiththenoleidathet. Ofeast, pattigdy

prepared by, a,pQUiJARKICAHAR GERHNGUSE tHkEana é@XSﬁ&’f%%?r?é&%@b%pé%%&%t%{%

technique. Elastomeric blocks can include one or more pour or spin layers, 25in any desire

combinatio?t. lipsolesiethlsvgitne A8, stifeg wsadicuardbectaprie sesaraclordihdteaa four piastocol. For
example, RRM$:Gange. pQIIsH oo a éﬁqusﬂ?ﬁ&f%ﬁﬁ#%ﬁ%ﬁ,Hﬁ’é@%ﬁelc?éfﬁéﬁﬁ’ﬂgmgg&d*h%d’arious

desired fluid flow channels and chambers. FIG. 1B shows an exeniplary mold 190b which can be used

to fabricatefiréidiggew it thefsreand Aayarte e fing, Laverfiran kesrcamtlbehp seteadalaiesy feoeh b mold.

First igyer {81 ,cadnyude 3P0ReRINGS oG RRARNbRRET Yo IdediahfhiRRRE RATIPNR LA, define
first channel”130, first chamber 140, and second chamber 120. To create Second layer 182, PDMS

can be plat&ssshedta moleldrbeties Faisedinestivnn susereepainginy the traionsideyad svathevrtinment

or control chanRals: ffAnks SRS AY SoeURIE PR LAR6IWhEH can decksed IRJARSIHAMNO
2009/126826PCT/US2009/040104 second layer 182 of FIG. IA. Mold 190c can also include, for

example, riigddacedRtoelrEd@otthonEhrgne! thearfGrsnitrree o fRIME iserkshil secsmd FIYMS182. These
marks can he sk dwing Hagarakiaion pracsdureptahihatthedasproaniatignisiresiedtoward

the marks durin? the ablation. Mold 190c can be spun, so as to provide a thin layer of PDMS across

the 5hold.IBERShtRyEP dfiagsipRnddd gpwhihs anddeasiben shamnel Mld S ieitthirb lsicpdffally form
or define conirohehanpellaD-the SOMSHEREAR ISFRANK Byl IR .LANRRE exPesrdi AR QLMROre laser

ablations. An ablative laser beam directed to second layer 182 can form vias 111, 131. After second

layer 182 i§ulifsEsd et thirtdeysyed g thisddaysgrinetheisae Bntae tsaonstihesrs. sedothaser. The
first layer qgp.adbare it ihecteanid @yarsiandiatb iRlaverscan bsupgalsd ofkmeie 0% be

simultaneously. To create third layer 183, PDMS can be placed onto a mold that has raised portions

correspondiii§ah e vanslistbridirsddehtt RPNt errEsRaslingdaibesyaries deskedeoaRiarsblary
mold(P0dyvbish68BHRRH4se dRAFaPHGRIRMNIN dayel k83 pb i GodA white Mel b £ a%ReoShiBRicaR as to

provide a thin layer of PDMS across the mold. Third layer 183 can include openings, recesses, or
other voidd9HEhdpysEd 4 of FIG. 1A. The mold can be spun, so as to provide a thin layer of PDMS

across the mold. Fourth layer 184 can include openings, recesses, or other voids that at least
partially form or define interface channel 160. After fourth layer 184 is sufficiently cured,
the combined first layer 181, second layer 182, and third layer 183 can be aligned and

25  contacted with the fourth layer. The fourth layer can adhere with the third layer, and all four
layers can be peeled off mold 190¢ simultaneously. Optionally, the four layers can be placed
on or contacted with a fifth layer 186 as shown in FIG. 1A. The fifth layer can include a
laminate or tape, or a similarly suitable material, which operates to seal a recess in the fourth
layer, so as to form or seal interface channel 160. In this way, the combined first, second,

30  third, and fourth layers can then be placed on or contacted with the fifth layer, which may be
a solid spin layer. The fifth layer can act as a sealing layer. According to some
embodiments, the fifth layer may include an elastomeric material, such as PDMS. In some
cases, the fifth layer can include a rigid or hard material such as glass, silicon, or a plastic

such as polystyrene. The fifth layer may, for example, seal recesses formed in bottom of the
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15partially form or define second channel 110 and reaction channel 170. After third layer 183 is
sufficiently cured, the combined first layer 181 and second layer 182 can be aligned and contacted
with the thirtV e TH82ird layer can adhere with the second layer, and aR¢HY&E2HPAHIEHN be
peeled off mold 190d simultaneously. To create fourth layer 184, PDMS can be placed onto a mold
that has rafeetitpbtinsocsr te sponidinghtmuiels va tliou dekiledcohhsineabing 2y or conimoluslsznnels. FIG.
IE shows %&Wm&%ﬁé%&%d’%ﬂ'ﬁ{% %Hr&el%i@?%i@aﬁ?%'ﬁé’sﬁevé?%‘Jﬁé@yﬁ{e]s%élﬁf%'jé o Byn! NE

mold can be spun, so as to provide a thin layer of PDMS across the mold. Fourth layér 184 can

include opérrﬁﬂg@}a@tésm(#m$ mh@ﬂmm@wmﬂm%m@trldeﬁmeﬂh@@q&lé@dhamel 160.
After fourth. Jayer 184.1s,sHfiCigay quise e%&ﬁ%&ﬁs&ﬁ%ﬁ&'%Xgﬁéﬁggﬁ%&%‘éﬁggoﬁ%n@nd third

layer 183 can be aligned and 25contacted wit layer. here with the
third |a@er,&fﬂ@l@dﬂfoﬁﬁlag@isg:m%@g}abwaeéfbmﬂ@lcm%@sﬁﬁh@ﬂ@m@m@@mbﬁwﬂ@l@fmiayers
can be plagad A o GAREHRANME A BIAYRL ABO A ANAINBI0FIEh A LhR T NRh SRR Iude a
laminate or tape, or a similarly suitable material, which operates to seal a recess in the fourth'layer, so
as to form ditasbarlirtehfacdnamnerssBn. IR s, wajcrials sopdiinEbrieste sewcskiag 3athirercand fourth
layers can thep hePlassrhPMAICRIACIeRvLBHRS Blthaver, Which i ayaRecR SRIidRRImRYer- The fifth
layer can act as a sealing layer. According to some embodiments, the fifth layer may include an
elastomeritcpagsrial stdiaspmmsy frseenbccagwertpe Fin ageitieaslipamae tayryidhet Katgidnaterial

such gs glqﬁ& g&l(l)%?] %%ﬁ?&éﬁ‘s@s“%‘%@ﬁiﬁ%bﬁ?&‘{% ;fhe fifth layer may, for example, seal recesses
formed in bottom of the WO 2009/126826PCT USZOO%/O40104 fourth layer, so as to provide channels

in the fourtp g TheoeRUARaXRLERE, BEliteca i whil Bay b6, aiaahaddp dhg U gyer via an
adhesive. Hence, the sealing layer can torm channels from recesses molded or machined into an
adjacent layger Thé dwalinets Ialy@ha@abﬁmeaamﬂmémm rﬁatefﬁ@mtdﬁ,eik;ﬁhm@,ihi@ ligseyeatsen via |
po'ycafbonﬁ?’ttﬂroﬁg!wéf’o%d%‘?erﬁ@ﬁ'?&‘??M&Q%lﬁﬁ?@@& S SRhRRARIR Br P UAR A PRARESIVE

tape, and may be stiitable for attachment to a substrate by bonding, such as with adhesive or heat
sealing, orfiddazeriddllyeat et gbhnas!by/ @onfbretbiver Blerdimdadials i podsiblfatorizaséca sealing

layer gyc copy HH%”[H&IQHEE@M(fa%f"IPSW@?@9@&%&%&%&%@&&8@%%@%%@dﬂﬂiﬁ@l

leakage. A sealing layer may further be supported by an additional support layer that is rigid 10(not

shown). in Eime Gestdaya $8himng feyendschgiac[ddQxnh rsaptioakennahdI9-gdbiest Mivey d8A. bl formed
between chygnnelsar CHAmPSES,ALPRR Jay eI 234 &ﬁ%@ﬁe@o@ﬂﬁ%‘@ﬁﬁe%@&%ﬂ ChidyeLrsTqp example,
it is possible to create a via 131 through second layer 182 to provide fluid communication between first
chamber 1301ip fhetsidhervigicamba éxatohbhanne r1zeihunel layeness oSl poitiznpessible to
create a 19M@ohidthrauahsRCORY La¥em iR FIGPIVIg6: INd M FAMCAUIGRRELNEE) SE4 Beh

chamber 120 in first layer 181 and second channel 110 and reaction channel 170 in third layer 183. In

somethstateesicielgtion argrdbetdssedrbalergelans defiraé bf the trpaetibrscelamtdrs3tn some
cases, the ¥j3s iGaiBe SRR LY {SiRe - AJaBET LY PEthICETHAY 6 YRkl S PRI AL Glapiameric

membrane. As shown in FIG. 1A, for example, reaction chambers 120, 140 can 20have an interior

space that@tehescabpiaadsfes dufthe opyiieagipprhasnehanfreHesge, during loading of the

unit cell, fluid can flow through first channel 130 and upward into the interior of first

chamber 140. Similarly, during loading, fluid can flow through second channel 110 and

25  upward into the interior of second chamber 120, optionally through a via formed in the
second layer. Relatedly, during a mixing operation, fluid can flow from the interior of first
chamber 140 and downward into reaction channel 170, optionally through a via 131 formed
in the second layer. Similarly, during a mixing operation fluid can flow from reaction
channel 170 and upward into the interior of second chamber 120, optionally through a via

30 111 formed in the second layer.

[0082] According to embodiments of the present invention, the second, third, fourth, and
fifth layers can be processed or laser punched as part of a procedure that forms a loading

passage to first channel 130 in first layer 181. Relatedly, the fourth and fifth layers can be
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This interior space can also extend above a plane defined by the top of second channel 110, and
above a plane defined by the top of reaction channel 170. Hence, during loading of the unit cell, fluid
can flow thr®(YRIPE26BHNNnel 130 and upward into the interior of first chamBET A3 MMy, during
loading, fluid can flow through second channel 110 and 25upward into the interior of second chamber
120, optiormatiyasswsuerhlassriadoehescrirptve cdecpradddyesy (iRefatotiy, Idading nassedadooisepadon, fluid can

flow from the, i Py (%W}ﬁ%&*ﬂ%@b?&l.@o%@%?gmxg%g? WRIO FeAGHiemeOanNG! %3&9&9%%%:9’ through

a via 131 formed in the second’layer. Similarly; during a mixing operation fluid can flow reaction

channel 1 70 HE l@@\ﬂﬂ@lﬂimmanﬁmom%@Wché@ﬁd@@%§mmﬁ}ﬁ@m‘b@ @bé%@@%ll
formed in tg\ﬁaﬁﬁ%?é‘lgdﬁ}’&{ PR3 ARG R L MRQGIRE IS HhePLRSEREINME YRR g Rsgcond,

third, fourth, and layers can be processed or laser punched as part of a procedure that forms a
loading patesigequssiras divarmaal praduectir dadery/beans whiRdl seariiy csrepfutian einddiftastoyessican be WO

2009/12683RRCTHSAA0ONAIPSRSsed o laser puReBml.an el ol asrAuR tatars 2

loading passage to second channel ird layer 183. Loading passages, vias, and the like can be

formed usifgraodeimhomabtidien lmeehariadhared esthgle Eotcadmplpaspargwnpiimleadite
fabricated peé(sé‘%@%‘ﬂ% PAriRTHibE iﬁ'@ﬁiﬁ%}l‘%ﬂﬁﬁ% e RSRIMELIREES Bt g iruiirddagsuch

ablation 5 techniques, as they can produce™a laser beam which removes a portion of the elastomeric

block. In sohesasasad, tedinigpadpsupeas, Bponidis tiaredencdrnbleddrinetiaterelshe or more
of the @di‘ﬁiéi&%ﬁh?yﬂs%@é%ﬁ%*a%rﬁ%ﬁ%%%{dﬁﬁg BHETIRRR PALIgR QA l9adina AAsSRgRiRE Via can

be formed in a layer during the molding process, or after the molding procéss and before the adhesion
process. Opgseamictemidiibyy ofdeseaseacddesdn of the 10loading passage or via can involve etching
one or more elastomeric layers prior to forming the complete multilayer elastomeric block. [0083]

AccordingJ008HomEcepbgimentsofab dozishmeath dete lividi ot enfsheda gngfidst lekmstagrietitsiayer on top

of a first migromACROR (Pl pReARe firstonistamaghinge WRlsAS AR Al MAIERIRad priirusions

that form one or more recesses zla?fong a bottom surface of 15the %lrst elastomeric layer. Methods may
also includeafopnsing meederderastomerie teaidpun evp of aswosaessaictbmaeninbentroidaceidre the

second migtampachined majd 1%?&%\%%&@%%@%&9&591&9?&%&@% U PR Q6MAIE [1SEESRES along

a bottom surface of the second elastomeric layer. Methods may include bonding or adhefing the

bottom surfereiof skeoficsrafaerorbiic dayeldorithescttls septadaptpmagiipedinaadtiornerie dyer such

that a chanpgl Ofaised protrusions that form one or more recesses along a bottom surface of the second

clastomeric layer. Methods may include bonding or adhering the bottom surface of the first
clastomeric layer onto a top surface of the second elastomeric layer such that a channel or

20  chamber forms in a recess between the first and second elastomeric layers. Any desired
number of layers can be fabricated in this way. Methods also include positioning the last or
final elastomeric layer on top of a planar substrate such that a channel or chamber forms in a
recess between the final elastomeric layer and the planar substrate. Embodiments of the
present invention encompass multilayer microfluidic devices having any desired elastomeric

25  valve or pump configuration which includes such channels or chambers. Exemplary
elastomeric valve and pump fabrication techniques are described in U.S. Patent No.

6,408,878, the content of which is incorporated herein by reference.

[0084] Microfluidic device embodiments of the invention can be constructed out of any

material or combination of materials that can be fabricated to have microfluidic channels and
30  chambers, and valves that regulate flow through channels and into chambers. Materials from

which a device can be fabricated include, without limitation, elastomers, silicon, glass, metal,

polymer, ceramic, inorganic materials, and/or combinations of these materials.

24



20chamber forms in a recess between the first and second elastomeric layers. Any desired number of
layers can be fabricated in this way. Methods also include positioning the last or final elastomeric layer
on top of a PYAhHI8(1B&tate such that a channel or chamber forms in a rec@4sTHeR0&R4HEKinal
elastomeric layer and the planar substrate. Embodiments of the present invention encompass
multilayer 1#@86fIuidibedmetbedshaeihgndalyrthetived tiasicra8ritlt5desive meypuatp withfibaration which

includes sygh Gharnels AGNAMRR! %oﬁ%ﬁ%&%l??@%ﬁ%@%%ﬁb‘é%s%ﬁ%%,’BIHH%@P&HQMS iques

are described In U.S. Patent No. 6,408,878, which i1s incorporated herein by reference.

[0084] Mipt@ﬂﬁhi@%dgﬁ@@éﬁﬁtf@dﬁﬁdﬁtﬁ@ m@hndarﬁtﬁmd@ghlb’@ogmmgteﬂlm ofcasichiagerial or
combination ok ialshat GRRPE J&Bﬂ?gﬁ,t&%%1%\4%#&%@0&1{&%%&%{3%&%%%§%ﬁﬂ&{£ﬁ%ﬁ£§’ and

valves that regulate flow through channels and into chambers. Materials from which a device can be
fabricated Widkiriemgitiodat Mmedielto asserabiymetbodiicopli¢fanel dingtalciholaniy ceparmieldmerganic

materials, ﬂ(&%%&%?iﬂ&i‘é?{gr%ﬁ@&&e m%%%%%roﬁ’}’x%tﬁ%s?@&%ﬁ%@ﬁ&&’&%&ﬁ%@“@&@é&ﬂ%85] The

methods used in fabricatio a microfluidic device may vary with the materials used, and include soft

lithographyreidedsdsiavie ioabs e or/doialo peid torvadhitiisg ety odgreme aticfabmestisining
methods, stangard Jihearaniig MetReds MEERIGNIIBs ORGSR HuRIRS B EIENING,

stereolithography and laser chemical three-dimensional 5Swriting methods, modular assembly methods,

replica mol@fridcatiothdtsciigjectishapiligitiymdtivoedtioren iy rhetRsabe kisdr 38Mion methods,
CombliGatio'ﬁi‘aféﬁﬁmﬁ%ct%ﬂ%gt@%I‘H&@%%g@%iﬁﬁ%ﬁ‘éﬁéﬁ&fdilﬁlv?dpHﬁgrgﬂ{ﬂ&i&%nﬁ.“’ariety of

exemplary fabrication methods are described in Fiorini and Chiu, 2005, "Disposable microfluidic

devices: faBticatidH!- fdaetiorr! aHd-Applickticnt BiditeReosiigied 88:4002487 Ipunapstehed polgos:

10"Microﬂ%ﬁt@&@femeﬁeﬁiegmggﬁémm% eonsBUCn splagorm far Micspvidisspysigms. Proc. Natl
Acad. Sci. USA 97:13488-13493; Rossier et al., 2002, "Plasma etched polymer miicroelectrochemical

systems" LAl A dic1deirss’ Bderat 2:a07 2502 Bebjraet mi@uiBedaessicaisrofabiiseiias: 267-287;

Becker et al.R880foFAKmBenBicalteaios malnds ramighniridic anpviicat appheatians”
Electrophoresis 21:12-26; US 6,767,706 1562, e.g., Section 6.8 "Microfabrication of a Siflicon Device";

Terrylét al Biozg. Rsancriomassrfidpics ton ahaSitserdlvietedisHaslco WatbGEEE Trans. on

Electron De¥ighsaaRrg6 P A800:1886: BRig &t akilQStwMisroEpiiAAIVSISRystgms, New
York, Kluwer; Webster ef al., 1996, Monolithic Capillary Gel Electrophoresis Stage with On-Chip

Detector inAfY&itfatioh&l-Eorterd At B v esertiettrd b HY il Sk d redy NS08, Novpp. 491496,
and Mastrapgglogt dbr. I8BstaquimMSeaied, Riligan Wige negdneamlssca ¥ ghL Fprsee, in

Intl. Electron Devices Meeting, IDEA'! 89, pp. 503-506 Each of these references are incorporated
herein by refireReEstt an B}}pﬁ@@t&?al Conference On Micro Electromechanical Systems, MEMS 96,

20 pp. 491496; and Mastrangelo et al., 1989, Vacuum-Sealed Silicon Micromachined
Incandescent Light Source, in Intl. Electron Devices Meeting, IDEM 89, pp. 503-506. Each

of these references are incorporated herein by reference for all purposes.

[0086] In preferred embodiments, the device is fabricated using elastomeric materials.
Fabrication methods using elastomeric materials and methods for design of devices and their
25  components have been described in detail in the scientific and patent literature. See, e.g.,
Unger et al., 2000, Science 288:113-16; U.S. Pat. Nos. US 6,960,437 (Nucleic acid
amplification utilizing microfluidic devices); US 6,899,137 (Microfabricated elastomeric
valve and pump systems); 6,767,706 (Integrated active flux microfluidic devices and
methods); 6,752,922 (Microfluidic chromatography); 6,408,878 (Microfabricated elastomeric
30  valve and pump systems); 6,645,432 (Microfluidic systems including three-dimensionally
arrayed channel networks); U.S. Patent Application publication Nos. 2004/0115838,
2005/0072946; 2005/0000900; 2002/0127736; 2002/0109114; 2004/0115838; 2003/0138829;
2002/0164816; 2002/0127736; and 2002/0109114; PCT patent publications WO
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[0086] In preferred embodiments, the device is fabricated using elastomeric materials. Fabrication
methods using elastomeric materials and methods for design of devices and their 25components have
been descriddd 20682 the scientific and patent literature. See, e.g., Un&&T&R00Y0BI0Ecience
288113-16; U.S. Pat. Nos. US 6,960,437 (Nucleic acid amplification utilizing microfluidic devices); US
6,899,137 2088 A ald ) $1283087y aivie WRHOI P25y Sdurks) $6508 71708 (e dretednactiveofiux

m'CrOf'U'd'%Q%‘@Q&?cﬁ‘{‘&mﬁﬂ?Qgﬁ)mgt&%sg?s%@ﬂ‘é%@%'df‘é@%m%& ?ﬁhyﬁ §5308,378

(Microfabricated elastomeric 30valve and pump systems); 6,645,432 (Microfi UIdIC systems including

three-dimehidiogra v v@?@dﬂ@ﬂé@@hﬁ@&ﬁréﬁk@ﬁ@@apﬁd@wmﬁ)ﬁé&ﬂ@?ﬁ pUblicatbal N&)O,

2004/01158131%;1899%99?&8&%%9&5’9&1@9@9&§9 g&%%ﬁ%&@%&ﬁ%ﬂ%%éﬁ $/901-3838;
2003/0138829; 2002/0164816; 2002/0127736; and 2002/0109114; PCT paterit publications WO WO

2009/526828RTPAI 820081640 204l 260620 8Miop inid Obososadamtegiatin® H1/mre298 Qbéke &

Scherer, 2600, &Q%ny?r%emam@@%%&%avwaagﬁ MalsmRGIENcRIRARi V490 Kia et al.,
1998, "Soft lithography" Ahgewandte Chemie-international Edition 37:551-575; Unger et al., 2000,

"MonoI|th|c3ﬁﬂcldfaﬁrﬂiat%@p§a|@@é@mﬁb@| b&thMHﬁy@F%fﬂﬁlmgb}@;pWﬂS%i@MQ@zég‘113 116;
Thorsen et al,, 2008, ,Micretyidic |p10esSaaiR Inteafalian. 3¢10068, 238 3R0r RBAc SO AHCRli@he 2000,

"Microfabricated Rotary Pump" Biomedical Microdevices 3 323- 330 Liu et al., 2003, "Solving the
"world-to-cPipedshei it mbqélélﬂr\ﬁhﬂmw&(ﬂmmﬂ&n%mﬁ?céﬁé:ﬁ%nﬁmwmdzﬁlll&zs Hong

et al, @04 oHNaplicL$5al5iBrAlGIa; R A RIACESEAL MEA RarRlisharrlgaiHiar NRturs, Bigjesnnology

22:435-39; Fiorini and Chiu, 102005, "Disposable microfluidic devices: fabrication, function, and

appllcatlo@%ﬁ%éﬁnﬁ?@@ 3Ba423008; Bdeselbtidic, tEG@@”ﬂ\A?c‘F@ﬂlﬂtﬁh%@éY@rﬁ@@Stéuéﬁmbrehenswe
Constructlcigg@ﬁgr@f%%@@ﬁw@%%@e%f g Natl/AGadr 89 o P SR IBABS Rt Rolland et

2004, "Solvent-resistant photocurable "liquid Teflon" for microfluidic device fabrication” J. Amer

Chem. Socl1280435Sopane revissans pbetacusade "linmdhaflorhter abgvﬁ@ldl%ws@l@éméﬁ@mmal
systems" Laby6bip 2;1#55h0; Beskes esal, RRAZ.r Bolymeiomicpefluidicdrvicesyhajanta 56:267-287,

Becker et al., 2000, and other references cited herein and found in the scientific and patent literature.

Eachldf thasraisrarasbsmienlmosiprateel ek b Sekehe Resker @lipbuzg8ged olymer

microfluidic devices" Talanta 56:267-287; Becker et al., 2000, and other references cited
herein and found in the scientific and patent literature. Each of these references are

incorporated herein by reference for all purposes.

[0087] Embodiments of the present invention further encompass aspects of microfluidic
20  fabrication and production, as well as microfluidic device operation and use, as disclosed in
U.S. Patent Application No. 12/018,138 filed January 22, 2008, the content of which is

incorporated herein by reference for all purposes.

[0088] Any of a variety of ablation, etching, or similar techniques can be used to form vias
or passages in an elastomeric block, membrane, or layer. Such etching procedures are well

25  suited for creating elastomeric layers having multiple holes or apertures, for example. In an
exemplary process, an elastomeric material is placed on a wafer or mold, and allowed to cure.
The elastomeric material can include one or more polymers incorporating materials such as
chlorosilanes or methyl-, ethyl-, and phenylsilanes, and polydimethylsiloxane (PDMS) such
as Dow Chemical Corp. Sylgard 182, 184 or 186, or aliphatic urethane diacrylates such as

30  (but not limited to) Ebecryl 270 or Irr 245 from UCB Chemical may also be used. In some
cases, the elastomeric material is deposited on the wafer or mold in a spin coating process, a

spray coating process, a dip coating process, a screen printing process, an inkjet deposition
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[0087] Embodiments of the present invention further encompass aspects of microfluidic 20fabrication

and production, as well as microfluidic device operation and use, as disclosed in U.S. Patent

Application W@, 209901288288 filed January 22, 2008, the content of which is iREAPE2842@49Eein by

reference for all purposes. [00881 Any of a variety of ablation, etching, or similar techniques can be

used to forpogiess.ar phssiiged he anralagtmersticatatknvobratbedmeg or tager iSuptrattehing procedures

arc well 259&%39&9{%:@%@%%8&}8%% ic.lay@rs fiaving multiple holes or apertures, for example. In an
elastom '

exemplary process, eric matérial is placed on a wafer or mold, and allowed to cure. The

elastomeri rial can include one or more polymers, incorporating materials such as ghlorosilancs
o ety R B R o Gorp
Sylgard 18®gt84 ot ¥86p0s aliphatiobtathdererdidoryhtessutbsad'30etumnpios dimitesidokeEbecryl 270

or hr 245 from G, Chemical sy aloa,be, Ysernin, SRme, Sases, 0 Slasiomeric matpipl is deposited
on the wafer of mold in a spin coating process, a spray coating process. a dip coating process, a
screen prirtimgupte sl aes ithcdesiepbbitichpi@n2009/12 68 AGRASTAIBR2 ST B4 pridcdss,2or the

ke, The cuIENpIRGRAYE SARAVANE R0, Bh ST (eRReraA P ANIRDA (R MhRSotocuring

and the lik An clastomeric composition may include multiple parts, w can be mixed
together atcoarvugimtisddabtaipreedired BdnATpYdpreties. For example, an clastomeric 5 material
may include a Part A and a Part B, which when mixed together in prescribed amounts facilitates the
desired bofi)P@fanheterse lcnsovrreptatessitterpastehvay be phizatidn theaticed/ithistanramge from about

3:1 tg gabout 30:1. Far example, an omeric PD mpositionjs baked ta provid 0:1 RTV
er foosb i e S R R R B R By
material. Foe epingi® the SuBmesist taugilabieS iredrddigso@tiede SOS.2 00HwHdN 8/B000al B applied
to the elastperoExempIan A8 FRSISIRSAS 818 2000, 81083000, 315 A0 SH:A, 305, and
the like. The photoresist ¢an be cFeposne oh the clastomeric matenal in a spin coatfing procedure, at a
desired rotatiosginspeddapo dutationt #msgmé casesnahepspiodatimgtioan besperdaasedtht a
rotational speed within a ran m about 1000 15,10,000 r ng, for ion within a
range rom B0 Lets BoR S iR it bl Iy R AR b ot
perfotmed H1,8006ppmeafol 20@ decdivdswEblloaiaggthfsode pbsiti @, strephotio pbeist 2{ikscarndave a
thickness ithin a ra £ t icr 0 ases, the thickness is
about 5 m%rrogr%s%%éﬂ%ﬁ%%gsg ?)?E% g](r:%gg)lg 8%?%%%%%0%@@0% ﬁam?@a%%@%dﬁig%%ﬁ%%ﬁgg t%énd the
selected spigptiseovath Pbiitinsite wrikibit lvoadinliditers phdeptbsisthmaserageThenphietordsist

material cap Q@Pﬁf%’ AfAhELH TARK QI HAAHNRNR! RTATRY R AR Pa REHRLMRY (§eRfgpare the

photoresist for lithography
mask can be selected for facile via opening formation, and the selected spin time can

20  climinate or inhibit beading of the photoresist material. The photoresist material can be used

as an etch mask.

[0091] Additional procedures can be performed to prepare the photoresist for lithography
exposure. For example, the photoresist can be processed at a selected temperature for a
selected time duration. In some embodiments, the photoresist is soft baked at a temperature
25  within a range from about 45°C to about 85°C. Relatedly, the photoresist can be baked for a
duration within a range from about 1 minute to about 10 minutes. In some cases, the soft
bake is performed for 5 minutes at 65°C. Such preparation techniques can help to eliminate
or inhibit photoresist mask cracking at exposure. The preparation procedure may also include
cooling the photoresist. For example, the photoresist may be cooled at room temperature or
30  at a temperature within a range from about 18°C to about 37°C, and for a duration within a
range from about 3 minutes to about 300 minutes. In some cases, the photoresist is cooled

for about 30 minutes.

27



exposure. For example, the photoresist can be processed at a selected temperature for a selected
time duration. In some embodiments, the photorcsist is soft baked at a temperature 25within a range
from about ¥9C2AWUBE8¥E5C. Relatedly, the photoresist can be baked for PEIEHRIUNMRE4A range
from about 1 minute to about 10 minutes. In some cases, the soft bake is performed for 5 minutes at

65C. Such[fp93hratibn t_éhhgﬂqnlesmaccdetp ¢@nei_mmrh%ﬁerm&timﬁtﬂzmr@r@t§m_. niraskxraghing ftst
EXpOSUre. g@y RPaLgten BE&?&Me@QXtﬁ"E%%E‘tC&gSsﬁ?é’H{&%@ﬁlﬁQosté}’&‘?ﬁdsi*u&%%ﬁ%&?tmp'e’ the

photoresist e cooled at room temperature or 30 at a temperature within a range from about 18C
to about 32Epemtceich et thiadawdhgedront 2bpos8amaske sto elimstB0gamgates dlyeome

cases, the gOIgRSIF GPAISE B APOHL 30, TSR O, 200/ 20R2RR G WSRARRI40104 (0092

The lithography procedure can involve multiple exposure steps. For example, a first exposure step can
be periorn@@pmmearmytt@tp@%ummé@l4,1tafnc10ée§é@bh_mwbd@qmmté@ﬁfsdmpsmétpé@@%élg@rformed
with a SecondiRX ORIt ASK 113 CXPARULES SIER CaRs VP e e RRPIRRIOR OLIAiBHAR REENeTaY.
through an exposure mask, toward a photoresist.”'5Exposure radiation can include ultraviolet light, near
ultraviolet gRetaae plulsrmiotesdiyikpasibia tidiatianfafsbviipd Boaneigperarylesity wibilength

along the laelomANNGNG IBR61LYOL ToSAURE FASERSXRESUIR PPl IR A6l &LAkPRe or more

wavelengths within a range from about 10 to about 10-9 cm. In Some cases, the type of radiation or

energy is swlseted trasé @b eroemebeiiohtts Metenesistediet cRamplansiefisgupiticofyjsdinbpon
radiagign 10pc.cneroy 38 b, APPISE. I LR ROIQte 8IS GHNG- BRAIES RIS faRiRLESiSisnand the

like. [0093] The use of multiple masks can help to prevent or inhibit the effect of contaminants on a
mask fromtheglisating on the photoresist. For example, if there is an unwanted particle on the first

mask at a certain location, exposure with a second mask can help to ensure 15exposure of the
photoresis{ %8kt [dbatisn of hurkiposurekprasdedcarpbey tollowadnbitiihe pUseiexponimirake (PEB)

procedure. |0, Sg R3S AR PRI S RSUC AR B A dUAER W AY3RAR [IgRAbout 010
about 200 minutes, and at a temperature within a range from about 50C to about 80C. For example, a

PEB can bengefénivietiafdra miptiees lac880, rmois sates SteerdmB daraopelate weioss-link the
photqrgsistmaskmateriah iR W eRee P ch GG 2 RORRRIAIE pHOR &G NG IRXROSGHRRotoresist

can be allowed to
post-exposure bake (PEB) procedure. In some cases, a PEB procedure is performed for a

duration within a range from about 0 to about 200 minutes, and at a temperature within a
range from about 50°C to about 80°C. For example, a PEB can be performed for 2 minutes
at 65°C. In some cases, the PEB can operate to cross-link the photoresist mask material,

20  rendering the material nonsoluble. Thereafter, the exposed photoresist can be allowed to
cool. An exemplary cooling process is performed at a temperature within a range from about
18°C to about 37°C for a duration within a range from about 1 hour to about 40 hours. In

some cases, the exposed photoresist is cooled at room temperature for about 18 hours.

[0094] A development process can be performed following exposure. In some cases, the

25  photoresist mask is developed for a duration within a range from about 10 seconds to about
10 minutes. During the development process a developer is applied to the exposed
photoresist. The developer can include, for example, an organic solvent such as acetate. It is
understood that the developer or solvent may be selected based on the composition of the
photoresist. The developer can operate to dissolve or degrade areas or locations of the

30  photoresist layer that were unexposed or masked during the exposure process. Following
development, the photoresist mask is subject to a drying procedure. For example, the mask

can be spin-dried. The mask may also be allowed to relax for a desired period of time. In

28



cool. An exemplary cooling process is performed at a temperature within a range from about 18C to
about 37C for a duration within a range from about 1 hour to about 40 hours. In some cases, the
exposed phBtEr¥I¥fi 2686oled at room temperature for about 18 hours. [00F4] TAU§2UNEHMENt process
can be performed following exposure. In some cases, the 25photoresist mask is developed for a
duration withincecasgtg Erfromskbeatld @ akicorstisxtet abosariOoniraepsBurhptheddearsiopritbnt process a
developer j§ ied he £3589 %dt(pg%gg{g@%l%;e developer can include, for example, an organic

solvent such as acetate. It is un erstoo that the developer or solvent may be selected based on the
composmo il Qt |sta(‘1l'({q{-;-0n%}/ef RSr can ﬁ&g{atet glsssigl\clga or OeIgOrghde area (1]5 Igcatlons of
the 30phot resist Iay% Yere unexposed or mas d 8ur|ng e exposure process owmg
developmem:tothi@piwtdmpsctpmamcdtstsmwmldrym@ﬁbcewghﬁm exackplessthedertbk can be
spin-dged. The mask m llowed to relax for gydesire ri time, In

2000/ D6 ANt oD ks MR B Tdfl S TSRS RRE SRS, o
temperatunghfoesistratick Witlsinlastamge frortalgoanbm bﬂk@itﬁ)abdutalt&hmjthiq(aogﬁgmhmnalIy,
additional r toresist.
For exampl L B B O S e e o
about 30 n&@?@nsll@anrb@qaemglfemmmthBﬁﬁammgtsmpjm;d’d’q@ida@umSléfﬁcm@‘émgctbakbé foaked for
a duration i 1e:; talte ge from
about 40C‘f'[\2)ﬁgj’g);1 ut%g%%e g]%%r%%%é{a eig gal%é n§} r%%%%&#\%@ga%%%se%&nrﬁfé‘fa{?égggnwgngsgﬁ E%rl?lask and
bakedor Lhidormzitys0ChRIEN tezbniguds dandsshsl enra Imttﬂz@{hpélmbmmht kapidrréalbely viwsing non-
10uniformi t@fﬁ esist layer, to help prevent or
inhibit the FX r%gﬁ)éﬁto¥ In ges mt?%((iﬁ{ﬁugnfé E;Ellrll%gr{le g%%gﬁ{g %%08 Typlcally, etching involves
removing areas. o stomeric material.that are not prot ted, by the photoresi foIIowmg
developmgﬁﬁelﬁian é?%p?’airy rﬁo e ﬁ?eveestr %0Vlc§ncge per orgmeﬁgpgrez}l %ura?lgn Wlthln ?range from
about 1 mwmmbmbt@uteﬁdaﬁhmpimﬂmmdfatIQngp@mﬂummnhmamq:mrpbmy abaedB0C to about
90C. For e le, etchin rri tin 0%_tetr lammanium fluaori - F) etchant
solution fo X@%H IIC’IaLIllt%S Bg‘fgrﬁ"eggrﬁs %tlijsgr})@{%hseﬁa% aﬁ?ﬁé}/é Bgtr oPr%Ié e|Lrjlt aan%(éfiraﬁs)gnlc bath
tank, dptionatiytirs dedas atodpei8uch wrdneduwg@anmeibow &0¥Ure abonif9ACettloinexampth, with
minimum d 0 IS ring.the e wed with
m Blonized B A TR IR SRR
photoreS|slf¢nés$(1®aIut§?@ pefibdett soitfGdhesivectopes A dbiogirat vetecdvasinadrdserapphdd again,
optionally f a e S some
cases, adjg%:%%t y%%% iﬁleérfe %gcrﬁ@%n% b%g\?v%[i?%%%@g?lég?%%@ %%u%ﬁS 0097 %%ﬁ(g] 85Pl*gstra\tes
another pevggestiveniendamagit toedl iBM0AsISiTOsk Heragiink ctching procedure. Etching can be

20  followed with a deionized water wash. In some cases, a hot water wash is performed for

three minutes. The photoresist mask can be removed with adhesive tape. A deionized water
wash can be applied again, optionally for 3 minutes. Stacking procedures can provide
additional layers to the elastomer. In some cases, adjacent layers adhere to one another by

way of interlayer bonding.

25 [0097] FIG. 2 illustrates another perspective view of unit cell 100. As shown here with
reference to the "A" arrows, the first material can flow from first reaction chamber 140,
through via 131, through reaction channel 170, past interface valve 162, through via 111, and
into second reaction chamber 120, where the first material can contact the second material. It
is understood that in some embodiments, the second material can flow from second reaction

30  chamber 120, through via 111, through reaction channel 170, past interface valve 162,
through via 131, and into first reaction chamber. To allow such flow through reaction

channel 170, the interface channel 160 can be activated so as to transform interface valve 162
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reference to the "A" arrows, the first material can flow from first reaction chamber 140, through via 131,
through reaction channel 170, past interface valve 162, through via lll, and into second reaction
chamber 120029896 2¢6f2¢irst material can contact the second material. It is RIAHESH8@Hin some
embodiments, the second material can flow from second reaction 30 chamber 120, through via 111,
through redistion chendebivZO;tpadoimerfroey vhivetas2  Wndsughohigor@litieasd that difiisard setiond

chamber. To,gian el IR Arquaeartpn dhagnel b i s eacs Aaneplad eapbractivated
so as to transform Interface valve 162 WO 2009/126826PCT/US2009/040104 from a closed valve

state to ana@ﬁe:thevaﬂ% %&t@,dﬂﬁ@rﬁm@h,@mm@mm@ﬁd@afmt%wm rféambﬁﬁ dABmsResc1 40, 120
are in open, f ’ﬁreﬁ?&‘mHEéﬁ%%Pé/ WA hepeRaHAR Shantes 208406 MasnMhe, Ik Sraple.

material containied in first reaction chamber 140 is more highly pressurized relative to material
contaifed iHisewsotial esachicn thenlebesy axmaheprdseurelSdilfereMidiicdiyhalphte petssige or open

inerface vt 2. Relpisdin e aressue difermatabian asliae o pstigene fis

material and the second material, as the first material is forcefully expelled from first chamber and into

second chamsberatgiisd sdeitiylly sepellabffimtraeralhsicadiate serondiehizinbentived in the
second Ch@%ﬁ%{ng@a@aﬁ%ﬁﬁ%m&%}fﬁﬁ% difushnRrREERRRIS EeHRN lagREGRR b Raterial.

Often, the 10presence, absence, or extent of any reaction between the first and second materials, or

involving ethercthpdtrsionther fitstaartifecontd warsriaratoitiin shderestd santgonl cikisbethean be
charggferizad, confirmed - deeeteth O %g%@%%é%@&ﬁ%@(a‘%faag@mﬁd/ﬂ{&éh%@é%%h sensor, or

imaging device 190. An imaging device 190 can include a camera, optionally having a charge-coupled

device (COmYotHaggate foesfepcray tpeanshmsastonyithe chanssendirradine eagalethe
imaging deyvie CapdRiRH SMISHERHUE NRIY-RUIPM  FXRTRIAEY, MG HSYCES A faGel

techniques suitable for use with embodiments of the present invention are described in U.S. Patent
No. 7,307,808l%stragon «ddmpging 19097 She Abieasting datites iheargpektde hersitrby reference. In

some caseg,&fBAGAR Wihioachanhakisdasiitatedhy lbasmakorcias Rnbaripemsiig present

invention encompass 20 systems and methods for mixing or reacting materials within chambers,
wherd3suchranidiihe Gerabriting pesteehstss tha/Bnieiagoriso caiedytesrasiseieHBIRSINE P&IiPkf heating

protocols %9&%9@% deodalitiag 10A98] L R dlusitates BRRSReEIMANIanMehA Fratiix 300
having four unit cells 300(1 1), 300,1,2), 300(2.1), and 300(2,2) arranged in two rows and two

columns. NPEEFBOBTYY FHERIHBE dPsh H‘WQ) fifaterNrels> 3008 isgoddPcsopmbeility. 0frattholation

valves 332(d,ldnB3P¢hh R3863:hbrard Bdbid BIUEaER LIS ChAshREs, 34Qhttbn 312, 340(21),
340(2,2), a plurality of second channels 310(1), 310(2), a plurality of second isolation valves 312(1 1),

312(1,2), by i Beilisnted by athrardsreiss dimhnsbraeasoy, he BrsenhbNvesion eNceumEs), a

plurafly of ganiil saRRei SR 0 eulligiveHIICHARR chanels, 3R A90R)iATG:2
plurality of 30reaction channels 3700,1), 3700,2), 370(21), 370(2,2). It is appreciated that the unit cell

architecturEeaiHps dhivrsshereidensiue Herefitaani ¢ eEdfsired hramabeashing BerRe iy Aay I uMiber of
desired uniheglial FRURRMBIRIREGAtrix can include 9216 unit cells arranged in

[0098] FIG. 3 illustrates a perspective view of a matrix 300 having four unit cells 3001,
300¢1.2), 3002,1y, and 300, ) arranged in two rows and two columns. Matrix 300 includes a

25  plurality of first channels 3301y, 330¢2), a plurality of first isolation valves 332,1), 332(1,2),
332021y, 332022, a plurality of first chambers 3401y, 340¢1.2), 340¢2,1y, 3402.2), a plurality of
second channels 310y, 310(,), a plurality of second isolation valves 31211y, 31212y, 312(2,1),
31222y, a plurality of second chambers 32011y, 320(1.2), 320(2,1), 3202,2), a plurality of control
channels 350(;), 350(2), a plurality of interface channels 3601, 360, and a plurality of

30  reaction channels 37011y, 370¢12), 370(2,1), 370(2.2). It is appreciated that the unit cell
architecture embodiments disclosed herein can be scaled to provide a matrix having any
number of desired unit cells. For example, a matrix can include 9216 unit cells arranged in

96 rows and 96 columns. Hence, embodiments of the present invention provide a high
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96 rows and 96 columns. Hence, embodiments of the present invention provide a high WO
2009/126826PCT/US2009/040104 density format for reacting a plurality of samples with a plurality of
reagents, foV&xAWHI&cHInety-six (96) samples with ninety-six (96) reagent¥ {d0SFPMiB#6Fidic device
features such as channels, valves, chambers, arc often at least partially contained, embedded, or
formed by denwithifoune drimeadiig/ewh bty elfastomiesiey BblopkuBd0y A shagentshéreoxdthirsference to

the "Al" arr&w&?{?sﬁ{?ﬁ 52%5%- L §%|{h%ﬁ 2 ?3%%?%9?&% Wy through a first channel 3300), past or
r

through a plurality of first isolation valves 1), 3320,2), and into a plurality of first chambers

340(1,1), ), {espegtively, Likewise, with reference to the YAT' arrows,.a second material such as
2 reagen LR e B L A S G A I s
332(2,1), 19882(2, 2y nsmukihtonzbpiidealityrdbfirstdcbramberhiB40(@ o )4 (22 sreS pe cthsedyn¢nsome
embodime m;%tgri Is flow through.first ehannel 1) and first channel in,the same
direct%n. IE%(CJIFne em%ié#%gé%?%éiﬁz%%é%ﬁ%eg% ?ﬁgogug %r%?gﬁéh%eﬁlf%’tga% glt‘qré?\%éulghlrailgaadirection
opposite frovmgméterialllovinmguigirautstiistolddi el 3 pesepr\withugiferphcel iy tHd1tB sataows, a third

terial f t lurality of
cecond iso e ST A g B 021,
respectivellikdemse vathiyolirermstsochtheAdleseen investiondoravidie Ivichofiuidicagat wuBswihereby a

terial f t f : ; dch I
3100). and g S o B T e those
brandi chai¥dels vehit inoirrlivieliialiyf feest thaonbetsoit) charrikrs).3268:2) veR0 (I BprSimilarly, with

reference 1g,{3g 'iﬁl%'ﬁ%f rr%%ri@lé%ws tg%%ﬁr%ﬁahﬁ# AR §§6‘§F)’ 'ﬁlgafﬂiq%‘ﬂaﬂH&% % feaRng Gaannel

310(2), past or through a plurality o isolation valves 3'12(1,2), 312(22), and into a plurality of

second chdintstien3106ane3208edinpaspantitesiyl flo woradhemigbdinephennehfsifalstftowlshncugh

second chasach B aRcAs AN ShANISL ORI SIS liestion, I aARAAS EmRygments

material flowing thro second channel 310 vels in a direction opposite from material flowing
through sed@hdacramnel Big(atakgad RoohainaPiEds paatdasl thooral asesegH dearmed THanne4s810(1)

and matterigl flowing tRHORSEEARD RIS G 0LR)aye! in opBosing, ﬁﬁ%iggm&ri@r&m‘t
respectively. Hence, when loading multiple samples into a &lastomeric layered block; some samples

can be intréghgdd barobeh $80ting 3fés pricshec8okid dishive theilimants ofth spiesiisiderntien
introduced Jhroligh foiing dingscARiAR-ORRREIRY A6 iR A etk dbix AlRysHAr3mawsn distribution

or placement of sample loading route lines on Opposite sides of the block, inStead of placing all or

most samplesksadinh ok fincdumeheueinie sidendfamnntdok OBeead seterepdursl tgtafl sidhedsaple
routing I'ne&é’,’l{algé\@mmng from the common trunk, such as those branch channels which

20  individually feed into second chambers 3202y, 320(2,2). Similarly, with reference to the "B2"
arrows, a fourth material such as a sample can flow through a second channel 310(,), past or
through a plurality of second isolation valves 3121,3), 31222, and into a plurality of second
chambers 320(; 2), 320,,2), respectively. In some embodiments, materials flow through
second channel 310y and second channel 310;) in the same direction. In some

25  embodiments, material flowing through second channel 310, travels in a direction opposite
from material flowing through second channel 310;). As shown in FIG. 3, material flowing
through second channel 310,y and material flowing through second channel 310, travel in
opposing directions "B1" and "B2", respectively. Hence, when loading multiple samples into
an elastomeric layered block, some samples can be introduced through routing lines on one

30  side of the block, and some samples can be introduced through routing lines on an opposing
side of the block. This allows for an even distribution or placement of sample loading route
lines on opposite sides of the block, instead of placing all or most sample loading route lines

on the same side of the block. Because the sum total of the sample routing lines are divided
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WO 2009/126826PCT/US2009/040104 between different sides of the block, more sample routing lines
can be introduced into the block. Consequently, a greater number of samples can be analyzed within
the block dUNRPZH%iR§RGrocedure. [0100] To allow flow from the plurality SYGF3tS2AHHEINE300),
330(2) into the plurality of 5first reaction chambers 340(1.1), 340(1,2), 340(2,1), 340(2.2), each of the
plurality of biebvésoldtiteramivies 33Ae b)O%ZOOE 3872, 191 3E2(I) ¢erirbambpdncedividcsthte. To allow

flow from e, plurglity.of 29 ég‘?%‘t@éigz) ea 1%1?58‘8%%&%@2 H&Wﬁ@%&%&%{%ﬂ%ﬁ?ﬁ%&&?@ﬂ?%@mbers

3200,1), 3200.2), 320(2 of the plurality of second-isolation valves 312(1,1),,312(1,2)
312(2.1), 3¢ Prosidugn open valve state. To prevent or inhibit flow between each of 10the plurality
of first reaction chambers 3400,1), 340(12), 340(2,1), 340(2,2) and their corresponding counterpart of
the pluralitj0dP8&cchal aﬁqmﬂmmﬁambhcsoﬁmlély]gf ﬁm@t@hﬁw’ém}, 320212} liho pdpirahirof

rospadivel SAEk TS IIaIty A b vanie seode ses0 o) Hes o Qs A batdtie),
e o e e
£ é&on %)nanne 8

reaction c am s |n ommunlcatlon with second
reaction ch?a%(bars”ﬁz@@ﬂ 3303200620),.ardoberiothd phiaslry| §10(2nibire ftiohoavasubhidation with

3400.2). A0, A 2] T e e B MBI LA e
respd&lvelsblelghmlérmpfeféfsmimmn firembertesidd can ﬂé)dmd@(@(nm?uﬂf@@zman@(ﬂmuhambers 340(1,1),
3400.2) vig first l;wa glc%%g eﬁ’t%?? Z?lm% gk cabhe leaded 'éHQn{ § L§agtion ghambers

340(2.1), 340(2, rst channel 330(2). A thitd material can be loaded into séfond r&dction
chambers 32@@15‘)321202)2111)311@5@@1@r@dm@néhm@(@teﬁpﬁ)‘uﬂﬁtmalbmdma@f eattedhantslsecond

reaction 25gliambess 3206h¢), 339(72) Mg.sesond chanaph1 oAk Qetienlit, sughmaterials can be

loaded into the chambérs under & desit selectéd pressure. Control channe 3500) can be”
activated s#0as.to 3@@mﬁﬁ2ezamﬁm®w@maﬁm y0l0ex1 33DE $1a832{de) swh senditbiselation valves

31204%), 31802, 1h 90N a0 QRGN YalYfnriAie i0of GRatyalRAiatepimilRriMecontsalchanie] 350(2)

can bé activated so as$ to transform each of first isolation valves 332(1.2), 33éké) 2) 30ahd second
isolation vahemngh38.2)s 31 A@d ciromemcepen Wmémc@@@b@@b%ﬁ/@mmé4mzm4§@na9dthe

materials cap R COMINGS QAR GG QIR AMHURESH PIESSHER MBS AR ACISRChambers.

second channel 310y, is in fluid communication with second reaction chambers 3201 2),
3200,2). Fluid communication between first chambers 340, 1), 3401 2), 340(2,1), 340(2,2) and
20 second chambers 32011y, 320¢12), 320(2,1), 320(2.2), respectively, is interrupted.

[0101] A first material can be loaded into first reaction chambers 340;,1), 340(1,2) via first
channel 330;). A second material can be loaded into first reaction chambers 340,,1), 34022,
via first channel 330;). A third material can be loaded into second reaction chambers 320(1,1),
320(2,1) via second channel 310(1y. A fourth material can be loaded into second reaction

25 chambers 320 2), 3202,2) via second channel 310). Optionally, such materials can be loaded
into the chambers under a desired or selected pressure. Control channel 350, can be
activated so as to transform each of first isolation valves 3321,1), 332(,,1) and second isolation
valves 31211y, 312(2,1) from an open valve state to a closed valve state. Similarly, control
channel 350,) can be activated so as to transform each of first isolation valves 3322, 33222

30  and second isolation valves 312 5, 312, 2 from an open valve state to a closed valve state.
In this way the materials can be confined or maintained, optionally under pressure, within the

reaction chambers.
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WO 2009/126826PCT/US2009/040104 [0102] FIG. 4 illustrates another perspective view of matrix 300
having four unit cells 3000,1), 300(12), 300(2,1), 300(2.2). As shown here with reference to the "A"
arrows, the Wet2HA(EI¥4Pean flow from first reaction chamber 3400,1), throlRfAIYE&2AIPEHERNel
3700,1i, past interface valve 3620,1), and into second reaction chamber 3200,1), where the first
material calil ©2bntHEGivkithistrateataniztheT patipeeisuchifioveimeugh3htion e ranmneliBRd4. 1), the

interface chgpnel 360) Capobe asiyated £0 &34 RSt Agteacs yalve 620.1) {ram A closed

valve state to %\h opelfi1 Alve State. U%’(Zj)é( such conditions, first reaction chamber 3400,11 and second
reaction chanatbres! 3200l awalienn finsid cstenahivaton3Ae readtiongdheaaeed B7oomel Oftan, tirest

presence, gRsaRce, atexient of anyifeaction petwern taitxand third mateals within19segond

reaction chamber 320(11) ¢ 1hl)be confirmed, detected, or quantifieg’ y inspection, for example with a
readedor semsent300todostovith réfernvestshHtovBthsermhscaadivshanard ddloan flownkafadirst

reaction chaymies 3490 2y BONANEASON EhANASLATA A RAHINSHECS 1P 3834 A00d into

second reaction chamber 3200 2), where the first material can contact the fdurth material To 15allow

such flow thirdtitfhaeepeid Mt et 3Podey susb perdtaerschatne 3eo0hearbpre34btivatad secardo
transform if@&‘éii%ﬁecﬂalkfﬁe?’@%@ﬁ%ig TR FGRSEAYAIYECSHEE 19, 20,0068 e{?a'l‘{l‘%‘e?@@-l,r%é”@b?{eﬁuﬁ%

conditions, first reaction chamber 3400.2) and second reaction chamber 3200,2) in f!uid
communicRtenge, ebaetion eherinel ai7on; 2yacifearhatvecpidbe fiaet assbckmateaidsntidiiany reaction

betweggn the sk Mﬁ%ﬁ@ﬁﬁﬂ{@éﬁw‘ﬁ?Blé%‘é%l'aﬁﬁﬁﬁéﬁ9&%@%@@&{&%@@@%%&%&&9f'kf&‘ed’

detected, or quantified by inspection, for example with a reader or sensor 390. 101041 With reference

to the "C" avowRCthasadepdrhatesiapreaitiow from first reaction chamber 340(2,1), through reaction
channel 370(2,1), past interface valve 362(2,1), and into second reaction chamber 320,2.1), where the
second mai@ti]cafVebneictehectinrhen&e Auh ws Tacdishnzsateridl eant Arov diere icsionashannel

370(2,1). th,inferfage chapnst, %Zét{ﬁ{‘cﬁgnﬁ‘éfi?s’%eldz),sgﬁ?iiﬁeﬁ’fﬁ@éfs%{f?ei@B%r(g%?%%{é"i‘ﬁ?o%z(z'1)

from a dosed valve sta(f’e to an Open valve state. Under’s | conditions, first real fion chamber 340(21)
and secongecreadtisactioarplamBac 200).areharf iy Eoshmalisicaltion eintecidtiohogtnmelsizd, 210). Often,

the prasengi, ARIEH G HIFSIR AL AL ERGHRD PRIV hf LSt and i %@é?@%l?ﬁ’githi” second

reaction 30chamber 320(2,1) can be confirmed, dete%i%éd, or quantified by insp &tion, for example with
a reader opsérided 300s WOROGIM 268 B FORIVS 00 9/010m04 o3 ob Y Wit stefete ae@psthalvp"

arrows, th %ﬁ?&%d@ﬁﬁéﬁ%ﬁ@iﬁ%,m@ R HSREH M ber 34012y and second reaction chamber

320(12) are in fluid communication via reaction channel 370(7). Often, the presence,
absence, or extent of any reaction between the first and third materials within second reaction
20 chamber 340(; 2 can be confirmed, detected, or quantified by inspection, for example with a

reader or sensor 390.

[0104] With reference to the "C" arrows, the second material can flow from first reaction
chamber 340(,,1), through reaction channel 370,1), past interface valve 362,,1), and into
second reaction chamber 320,,1), where the second material can contact the third material.

25  To allow such flow through reaction channel 370,,1), the interface channel 360;) can be
activated so as to transform interface valve 362,,1, from a closed valve state to an open valve
state. Under such conditions, first reaction chamber 340 ,,1) and second reaction chamber
320(2,1y are in fluid communication via reaction channel 370,1). Often, the presence,
absence, or extent of any reaction between the first and third materials within second reaction

30  chamber 320,y can be confirmed, detected, or quantified by inspection, for example with a

reader or sensor 390.
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chamber 340(2,2), through reaction channel 370(2,2), past interface valve 362(2,2), and into second
reaction chamber 320,12), where the second material can contact the fourth material. To allow such
flow througea8fith2esrennel 370(2,2), the interface channel 360(2) can b SAMRAEYP LY &s to
transform interface valve 362(2,2) from a closed valve state to an open valve state. Under such
conditions,[fité6leadtivh whensrvertgdg? DY amoves chesereadtivatohalmeflg20RR) iz inakitieh

communicafionyia {ggction, ¢ 3 %ﬁ&n@fl@%the gﬁ?FﬁR&?aé’ebéaﬁ%% ar exignf gisany reaction
& s)econ &% ca

between the fourth an aterla s within seco action chamber 320 n be confirmed,

detected, oreprhtifieti dydapbetid?)dor. mw@emvmﬂd apéertrdicon sentsst Bg0ootiosktarsdme
embod'me@t§aff&%vt§&ei&3ﬂ8&)%&%ﬂgﬂ%ﬁc%q 8851{&@@‘79% valye mayRe H%ﬁﬂlé’ﬂt%@i aagagbly.-

Similarly, the terms interface valve and reaction valve ay be used interchangeably. Such valves can
be actbatedcovaicthantes tortumdpms entwfieoldvio\d iy nfavariegsed valve &fo@ier@tmmmtrv@b@or

configuratigng, EﬁfﬁH&P'&%"&lM&ﬁXﬁE‘eﬁl%t%&’cﬁ@ﬁe%%‘é%%% ‘L&&%&Sﬂ@%&%ﬁéﬁ cHEmyh

embodiments of the present invention arc described, for exam in U.S. Patent No. 6,408,878, the
content of Wilch)igringoiéd Semrnentdption rafciasten OhmebddAwvalvOimeidamicakastomeric portion

that, when getited, deflecising ALea6R bRt ARG Hd SESRPME ARIRaNIAN QL LiRpS Ssection

of a microfluidic device unit cell 500. The unit cell includes a first channel 530 and first sample
20chambef®400n ehfirdhdayePEa1cet bp waBiomeéritctigel. saaueshitel Sydnsrisno.dadsxanmiea in a
secong laygtR82-aid g-gactipAghannel 570 in a third layer 583. An isolation valve 532 can be
actuated, so as to inhibit or prevent flow through first channel 530. Actuation of isolation valve 532 can

involve thegieflection ofan slasiamerlc RRLIGARIZAINS 2 (RESHH Tt ishehanueh 230, Fauh

layer 584 mcludes interface channel 560. FIG. 255B shows another side view or Cross
microfluididnder¢ivmngerbbelBoolaTivetheicoal intsitdes wlarapie eraioberls2 iy discthyer 581, a

control chanel PRAAIVI% 5% D& SECRNIRXRLPEA AR LEEONA A0S AHRING tirdayer

583. Isolation valve™512°can be actuated, so as to inhibit or prevent tflow through second channel 510.
Actuation ms@m%wdamml@ammhod@mm@ﬂ@r@m@n&afléwmabwmem poTteors Bida into a recess

o11 qf5303?e%ﬂﬂ%ﬁg@%?&%9 WP s SRS AR FEM I HOTT ARPRUNNHHIRiBHAPgoNal to the

side views of FIGS. 5A and 5B. As depicted here, actuation of control channel 550 can operate to

activate bdﬂhSicsrdmdofwamBEz ianld. %&a@hl\}m@@ﬁﬂ@o&@)@m@m Wywdhelhisimesepoptassure of

fluid within,fg f%ﬁtgr %@'Qﬁ%ﬁ%ﬁ'&& ﬁﬁ@u&%‘%@&%ﬂ@!ﬁe&‘?&ﬁ/&non that, when actuated,
2009/126826PCT US2009/040104 simultaneously deflect a first elastomeric portlon upward into first

channel 53 Berisdriecorsgess. For example, FIG. SA shows a side view or cross section of a

microfluidic device unit cell 500. The unit cell includes a first channel 530 and first sample

20  chamber 540 in a first layer 581 of an elastomeric block 580, control channel 550 and via
511ain a second layer 582, and a reaction channel 570 in a third layer 583. An isolation
valve 532 can be actuated, so as to inhibit or prevent flow through first channel 530.
Actuation of isolation valve 532 can involve the deflection of an elastomeric portion 532a
into a recess 531 of first channel 530. Fourth layer 584 includes interface channel 560. FIG.

25 5B shows another side view or cross section of microfluidic device unit cell 500. The unit
cell includes a sample chamber 520 in a first layer 581, a control channel 550 and via 531b in
a second layer 582, and a second channel 510 in a third layer 583. Isolation valve 512 can be
actuated, so as to inhibit or prevent flow through second channel 510. Actuation of isolation
valve 512 can involve the deflection of an elastomeric portion 512a into a recess 511 of

30  second channel 510. FIG. 5C shows a side view or cross section which is orthogonal to the
side views of FIGS. SA and 5B. As depicted here, actuation of control channel 550 can
operate to activate both isolation valve 532 and isolation valve 512. For example, by

changing the pressure of fluid within control channel or containment line 550, it is possible to
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elastomeric portion downward into second channel 510. Optionally this can result in the containment
or isolation of a first material within a first chamber and a second material within a second chamber. As
shown in FI®0200%it2¢8hannel 530 and second channel 510 5each present QIYESEAAY At Hross
section. In some instances, either or both of these channels can present a dome shaped cross section,
where the siombageapsigtoflitht refyestcctes firsiccleararad 630 ward inte fied ehithned i@ andsesenaddhannel
510. 10107 £l R Wisiraies A Mg cdlbyien aaR.assrcisain ambadiments of fgyresent
invention. Materials can be de?lvered rom wells 605 toward elastomeric block 608 10through
passages pPReutingirers Ghaticn Gf & Brelepiitsie ivrdhinidifievicendondndz proandanatiietofluidic
device 699 inglides.a SHRRUAISPOR Wity iNadRied REeSANISRRRUTIRAIANELS B ANd 697, each
having a receptacle 603, 604 that contains a valve, such as a check valve. Microfluidic device 699 also
includés oechrpisseatwalistas for veseistaionaleries susieascsapibbbetiageHiescsidwmdsor more
channels OéaEPHEBAQAi%e&o%%ﬁ&?@h%‘?&‘é’@&%&o’%’,@i&%@ﬁ@ﬂ% H‘?J%?a}gg@%&l&t} dagatign 607 of

substrate 600."An elastomeric block 608 can be coupled with subs 600 at elastomeric block
location 60chaENeDaid blverkashithdegiedbivsserorbeadayelrs I8k elastomeric material having

microfabricated recesses or channels formed therein. Elastomeric block 608 can be coupled with
substrate d000R] anljlé.c0atlieiyrafowaysicFailedandgiestd @ kstondio g ¢ dotodkodan dnes axfaehed or

bonded Wi%%?%?&%%&?ﬁi@%m‘%%}%@%agr?ﬁg%i’em%é%%‘ft I3 9)53&?35?9&9@% E?a@?n?éi?@ﬁ%@ gogome

cases, the block is coupled e substrate wit e use of an adhesive. In some cases, the block
is coupled thitmghepgstogate vithzmnlmdh &8ile NGB derstsnmericdilockads mret@fdrot phate channels

in fluid Co%ﬁgwi%{'&?{?ﬂ‘&iﬁl&{f&f&% %%?n‘é‘ﬁﬁeﬁsla“sﬁ%*s‘&%%éﬁr&iﬁ{?ﬂiggrﬂ&f’ 99&5?@9&%9&%?&%%“
the elastomeric block channels and the substrate channels. Hence, 25 the s%bstrate channels can
provide fluidadbrifiusid£iEn dsetwhsemgelis GO elnd ehabietbanintaintatabtonteeit dslochetk 1081

Accumulator vells 60160 SHSRELYIAFANER A L1 RSP Reieihswhish e e liegkivalves for

introducing and holding gas of fluid under pressure into accumulator chambers 6157and 616. Valves
611 and 63RchressiunnEg MIRkeoTtresrprisies OI8O GoreatpeadtivesiylisnbicH efvikerep liquid,

wheny, presgni inECHMURAAL CORAMAEER B2 RRGA KD AL BONLACHDE VAl eRGhhandidd fygome

embodiments, valves 611 and 612 may be mechanically opened by pressing a shave, pin or the like,
within a chesikieappenbdvartoristaiy 600 eoolasesesp bivik Sxatoroadi.ok lsswmisit)ddsanf the

check valv Al RTANG G Edtss RIAERRUIR A AIF AT HILIRIRIGIAMRS LY gpducing fluid

pressure contained within the accumulator chamber.
channels formed therein. Elastomeric block 608 can be coupled with substrate 600 in any of

a variety of ways. For example, the elastomeric block can be attached or bonded with the
20  substrate. In some cases, the block is directly bonded to the substrate. In some cases, the
block is coupled with the substrate without the use of an adhesive. In some cases, the block
is coupled with the substrate with an adhesive. Within elastomeric block 608 are one or more
channels in fluid communication with one or more vias 614, which in turn provide fluid
communication between the elastomeric block channels and the substrate channels. Hence,
25  the substrate channels can provide fluid communication between wells 605 and channels

within the elastomeric block.

[0108] Accumulator wells 601, 602 often include valves 611, 612, respectively, which can
be check valves for introducing and holding gas of fluid under pressure into accumulator
chambers 615 and 616. Valves 611 and 612 are situated inside of receptacles 604 and 603,
30  respectively, which can keep liquid, when present in accumulator chambers 615 and 616,
from contacting valves 611 and 612. In some embodiments, valves 611 and 612 may be

mechanically opened by pressing a shave, pin or the like, within a check valve to overcome a
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[0109] Substrate 600 and associated components may be fabricated from polymers, such as
polypropylene, polyethylene, polycarbonatc, high-density polyethylene, 5polytetrafluoroethylene PTFE
or Teflon(r) V3% \26888, transparent materials, polysilicon, metals, such RGP G0the like.
Any of a variety of gases, liquids, or fluids can be introduced into accumulator chambers 615 and 616.

In some caE@é%cloaing§0@Qq(ﬁnueei@@amb@abmab@cpwméﬂé%edhﬂ@ pleprssserotiiemibe held inside of
accumulatgr hamBers AR P18 QREGNG I%SBQJé'Qﬁn‘PJlﬁQ&’%&{% B0 RENGAIPeEIagIgmeric

block region 607 can be 10transparent. | som cases, the portion may be opaque or reflective.

Accumulat mlé%%s 601 a (()12 can. bfe nfl fluid co munlcgtl%ﬁ)wnh r}%nnels contained,in

elastomeri bI kreglosrtmr Uftimately. with I};ler%lne ontaine %eelag%t%d?l ?Bﬁoc‘%‘é}bgs

AccumuIatpobpmﬂbnasméwhb@danmlﬁmwﬂughmnm12@@?1@1696912 the content of which
is incogporated np ref re eration of a chan ntr
§ %E)g{stg?aﬁﬁlor ot Efgnﬁ?Fﬁ]orof%ﬁ r%@ E{Ia%?g r? ‘8 1? dﬁ renp &at%%%tps 0?}1%%& 1%] FIG. 7

15channel as shown i 1, can be mo contro y an accumulato
illustrates angiidsofiwitiesddviom®Q adberdieg tongrabadirientsbtbe Jreselst imfEntlonaDevice 700

ncludes » SR soupIeh A SIRgrPad. AR CerisoArfiame 740 oduren papbiglly o

routing lines 712 con igure ow rom carrier wells toward or example, routing lines
disposed dvﬁmuﬁécttdeedﬁmﬂz@@@mmntbwwde heldtmlpa@éaagelmm@amptélaaﬁmmmgddﬂes

disposed o r f Ras chip
750 can alétl)gl:m L%le ap uraﬁ)y 0 réﬁtlng fggé;g%b th%}gxa%neg?ﬁgrrgéﬁ&%ﬁ%sro%%ﬁ %%egﬁ provide
mateti@l trarspparan. tﬁ@wmmsJcbhapommmmmopaauendrﬁﬂmtmamwmﬁ@mberm this

way, a porggh 8(&%%?%5%8%9&98‘3 HELANRE G DM URESRANEY iR [9calon & gidog 25chip,

and another portion of the samples Ioade onto the carrier can be transported to locations D and B of
the chip, suegiah&03oand shimpiely, lvdtetamgheceideinddhe divtknarid Bomketddmplecisiokited at an

opposing sy 8r8€16ﬁq5b&%§&1€e%fﬂ{ e ‘ﬂ‘ét%ﬂ?%%glﬁ%ﬁdﬁ Wghzfﬁf?/@%@ 18 FIG o Sn it LENHGH &

illustrates a microfluidic device 800 according to embodiments of the 30present invention. Device 800
includes a E&aipeBIG! betprebywitfeigtsip brdowelc 859, @arAbeve fraghestd wickudes eopitahlity of

routing "”ec?lﬁﬁ?ef:f’ﬂf'%‘ﬁﬁg&% ﬁl'%'Of"’cféﬁ'ﬂe%{{d%ﬁa"t‘é‘%f'§rt93ﬁ@(&189'8f£9a&%hﬁff§t%lp'e routing lines

disposed on the "S" side of

[0110] FIG. 7 illustrates a microfluidic device 700 according to embodiments of the
present invention. Device 700 includes a carrier 710 coupled with a chip or block 750.
Carrier or frame 710 includes a plurality of routing lines 712 configured to allow flow from
carrier wells toward chip 750. For example, routing lines disposed on the "S" side of the

20  carrier can provide for the passage of sample, and routing lines disposed on the "R" side of
the carrier can provide for the passage of reagent. In some cases, chip 750 can also include a
plurality of routing lines 752. For example, routing lines on the chip can provide material
transport on the chip from location A to location B, and from location C to location D. In this
way, a portion of the samples loaded onto the carrier can be transported to location E of the

25  chip, and another portion of the samples loaded onto the carrier can be transported to
locations D and B of the chip, such that some sample is loaded at one side of the block, and
some sample is loaded at an opposing side of the block, as further discussed herein with

reference to FIG. 3.

[0111] FIG. 8 illustrates a microfluidic device 800 according to embodiments of the
30  present invention. Device 800 includes a carrier 810 coupled with a chip or block 850.
Carrier or frame 810 includes a plurality of routing lines 812 configured to allow flow from

carrier wells toward chip 850. For example, routing lines disposed on the "S" side of the
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WO 2009/126826PCT/US2009/040104 carrier can provide for the passage of sample, and routing
lines disposed on the "R" side of the carrier can provide for the passage of reagent. As shown in this
illustration, 2¥0sHileesPeaded into wells at zone Si flow to the left side of tHRCEHHUWIAEPWAIf), 24
samples loaded into wells at zone S2 flow to the upper side of the chip (left half), 24 samples loaded
into 5wellscatizene s Briivadothdeippengidy eftipdechipl (idghnpdifsedispR4cdam phes' Ratidd afito wells

at zone S4tﬂ9‘é‘éltﬂetpgaﬁ?;%§f&’§f8ﬁ the é%%ég%‘?g%%%@: ergalls ﬁntlﬂfglfﬁﬂsﬂgﬁgﬁ?ﬁ%&&fgﬁ%“”g lines

optionally disposed at or within the ela , the S1 samples flow to the left side Of the chip

(lower halfjpaﬁe@gtgavnﬂﬁe@ flong 1o thevich Biddedf side @ﬁtbﬁ(ab@e&un?a_ﬁl) hﬂié)s?@ smnmit&s@ﬂsh% the
right side qf, In&, GNPt URRE'SNHBw AR A0 Ep4: SHBRIER IS LRRR K10 Sidl, RE g £hipdpwer half).

Further, 24 reagent portlonsﬁoaded into wells at zone R1 flow to theleft side of the chip (lower half),

24 reayentypditisherrrabetianteotktsrrczorts RRMHowhip trighbhiddsid 8t thenphip lefcdalf)o 24 reagent
portions logaed It eds @tz apeHR AN IADe doWESI06 R hash *Ph@%gﬁftél?ﬁli af-ifRognt

portions loaded into wells at zone R4 Tlow to the right side of the chip (lower halt). Thereafter, through

another seebfousitings imsw et tioAsy widgbees dhiorthdtpies thiawigdtesieribebio skiple Hlove igent
portions f'O[Weti%WSAQWP{h%iQﬁiﬁﬁme‘}*ﬂaﬁje{ﬂé‘@;}#@&%&@%m&gﬂiﬁﬂé dpwdedhisdpyer side of

the chip (left half), the RI reagent portions ﬂow to the lower side of the chip (right half), and the R4
samples fl&lh theJovwerridlorttie bisipghbtidhafiheekiod urnettglihesbiheoPirsthr g @ridprovide

mateyigl ranspRfH AUOLIIRUIRFIR GBI PN AReHAcalRIR RIn LRI SR RPATIGR Of the

samples loaded at one end of the carrier (e.g. the "S™" end) ¢an be transported such that some sample

is loaded aR oflevsitetlt teld Biscrt Berbiprile sareldis fordeenapariiopptasiiesl sie wethebiosr, as
further disqusggd, RetRINWL wieenee Wik 'é@ef?h&ﬂf},lé’z] 1B.semesmardinesnpiFaiudingevices

may contain blind flow channels which include a region that functions as a reaction chamber or

reaction sit®: Bandedw, lewerisdesfithcahindfishohd fndg drengetheiienstradedupie ivalithas liquid
where a head Ok 9@ BuRbe iR ffenbpifbedigvigwa usifnenuharsthakbead Abars Bngnted or

otherwise released from the lumen, allowing the dead-end lumen to fill fully with the liquid. In some

embddimeFRutipsijagmepspRIby dHeepm Moy cathbethe sl deraerisihiaskndhie Fagagantpomiess
sufficiently a3 peipeaple hat dauid &{ﬁ%%ﬁﬁﬁ%fﬁw&fé&%mﬁg%%@ artghiiaRcannels,

leaving them completely filled with liquid. 101131 Table 1 provides an exemplary experimental design

where varidigschiatdaiiisatinthe Rodewerornattisns diarinedthe dawiestrissio HbgisbimatahtchadBsarshir unit

cells. Accoyigling, E%stg'fem%v RRMPIewanshe lovwed thiquah drstreharnels B0 T adenb s fe flowed
through WO 2009/126826PCT/US2009/040104 _ )
the chip can provide material transport on or through the chip from one location to another.

20  In this way, a portion of the samples loaded at one end of the carrier (¢.g. the "S" end) can be
transported such that some sample is loaded at one side of the block, and some sample is

loaded at an opposing side of the block, as further discussed herein with reference to FIG. 3.

[0112] In some embodiments, microfluidic devices may contain blind flow channels which
include a region that functions as a reaction chamber or reaction site. Blind flow, or blind

25  fill, can refer to the filling of a dead-end tube or lumen with a liquid where a head of gas is
pushed in front of the liquid bolus, and where that head of gas is vented or otherwise released
from the lumen, allowing the dead-end lumen to fill fully with the liquid. In some
embodiments, polydimethylsiloxane (PDMS) can be used as an elastomeric material. PDMS
is sufficiently gas permeable that liquid pressurized at a few psi can drive the gas out of the

30  channels, leaving them completely filled with liquid.

[0113] Table 1 provides an exemplary experimental design where various materials can be
loaded or introduced into a microfluidic device that includes four unit cells. According to

this table, sample can be flowed through first channels and reagent can be flowed through
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second channels. It is understood that alternatively, reagent can be flowed through first channels and
sample can be flowed through second channels. Embodiments of the present invention encompass
techniques Wé&etanx6faes flowed through a set of first channels and a set 8C3e8%HaiHels, and
reagent is flowed through a set of first channels and a set of 5second channels. Table 1 channel

material chisneindrdivagtnshaniies BB@@}@M@rﬂmmmlmewm SirstbeHdomisdrthBa@l firgt 340/1,2) first
channel 33&1@11@1'&'élﬁasﬁ}ﬁé‘?efrc%ﬁ‘ﬂ%eﬁﬁ‘&%@tﬂﬁ?ﬁ%‘?5@91?&53??5&9{@1@’éﬁ%%’i?ﬁe%%%ﬁlgg?%ﬁl 3100)

disease X gene primers/probes second chambers 320(1.1), 320(2,1) second channel 310(2) disease Y
gene primensirapiegncompass techniques were sample is flowed through a set of first channels and a

set of second channels, and reagent is flowed through a set of first channels and a set of

5  second channels.

Table 1
channel material chamber
first channel 330,y DNA sample from person A first chambers 3401y, 340012
first channel 330 DNA sample from person B first chambers 3400.1), 340022
second channel 310, | disease X gene primers/probes | second chambers 320, 1), 3200, 1
second channel 310, | disease Y gene primers/probes | second chambers 320 ), 32022

[0114] Table 2 shows the mixtures occurring in the microfluidic device reaction chambers,
and the experimental inquiries which can be answered, for example, by conducting a PCR
reaction where the sample contains patient DNA and the reagent contains an oligonucleotide

primer and probe set.

Table 2
reaction chamber materials mixed inquiry
second chamber 32011y | DNA sample from person A | person A has gene for disease X?
disease X gene primer/probe
second chamber 320, ;) | DNA sample from person A | person A has gene for disease Y?
disease Y gene primer/probe
second chamber 320,1y | DNA sample from person B | person B has gene for disease X?
disease X gene primer/probe
second chamber 320, ;) | DNA sample from person B | person B has gene for disease Y?
disease Y gene primer/probe

10 [0115] It is understood that any of a variety of materials may be mixed or reacted in
according to embodiments of the present invention. For example, genotyping applications
may involve detecting the presence or absence of a target in a sample. Gene expression
applications may involve measuring or quantifying amounts of materials contained in a
sample. Such applications may benefit from the enhanced mixing function provided by

15  embodiments of the present invention. Further, microfluidic devices and methods can be
used to crystallize a protein. In one embodiment a method includes providing a microfluidic
device having a first chamber having a dimension between 1000 pm and 1 pm, a second
chamber having a dimension between 1000pum and 1pm, and one or more flow or control
channels each having a dimension between 1000 pm and 1um. The first and second

20  chambers can be in fluid communication with each other through a channel. A valve can be

disposed along a channel which, when actuated to open or close, controls fluid
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second chambers 320(12), 320(22) [01141 Table 2 shows the mixtures occurring in the microfluidic
device reaction chambers, and the experimental inquiries which can be answered, for example, by
conducting ¥PCRYAH6n where the sample contains patient DNA and thePfddg&Hi0e@meads an
oligonucleotide primer and probe set. Table 2 reaction chamber materials mixed inquiry second
chamber 3c@0MDNAtsanbple ¢ronthpditsoandl sisend shambens, prinnée furolieopdredmsponascgade for

disease X% ARRA0K GAIPCT 20 A OIS K B2 AIRBARE Y, SRNG AHR SR RGPe

person A has gené for disease Y? second chamber 320(2,1) DNA sample fromperson B disease X

gene primashApibbe weiabieBhts gerieifon disehsmxmedoridshsmbanBao@a)ing a valve so
that the solution containing the protein in the second chamber becomes in fluid
5  communication with the crystallization reagent in the first chamber, and closing the valve
after a period of time to interrupt fluid communication between the first and second

chambers.

[0116] In some embodiments, a valve can be under the control of an automated valve

actuating device, which in turn may be further under control of a computer or processor. A
10 multilayer microfluidic device can include at least one elastomeric layer, and a valve can

include a deflectable membrane. In some cases, a deflectable membrane of a valve can be

deflectable into one or more channels to control fluid movement along the channels.

Multiple elastomeric membranes may be bonded or adhered together to form an elastomeric

block. In some cases, portions of channels or chambers can overlap with portions of other
15  channels or chambers at an overlap region. Such channels or chambers can be in fluid

communication through a via located at the overlap region.

[0117] FIGS. 9-13 disclose additional aspects of microfluidic systems and methods
according to embodiments of the present invention. FIG. 9 shows a photomicrograph, with
scale bar, of an exemplary microfluidic device. FIGS. 10-12 each show reader images of

20  exemplary microfluidic devices and experimental results provided by the devices. FIG. 13
illustrates an exemplary microfluidic device, showing channel connections between input
wells and an elastomeric block. As shown in FIG. 13, a microfluidic system can include a
microfluidic device having a multiwell plate, optionally referred to as a carrier or frame.
Often, the multiwell plate includes a plastic material, such as an injection molded plastic.

25  The multiwell plate can include channel connections or passages for providing fluid
communication between input wells and an elastomeric block. U.S. Patent Application No.
61/030,887 filed February 22, 2008, (Integrated Carrier for Microfluidic Device) which is
incorporated herein by reference, describes carrier or frame configurations which are suitable
for use with microfluidic systems and methods of the instant application. FIG. 14 shows

30  further aspects of microfluidic systems and methods according to embodiments of the present

invention.
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DNA sample from person B disease Y gene primer,/probe person B has gene for disease Y?
10[01151 It is understood that any of a variety of materials may be mixed or reacted in according to
embodimen¥@®2H¥13682€nt invention. For example, genotyping applicatiorRGHEAPIAUMEIBEtecting the
presence or absence of a target in a sample. Gene expression applications may involve measuring or
quantifying @hi8Linté dditetek ki odmairte dfitha severgien Sudhdepphiteisiendeale amsetitfromagid
enhanced mixing f ' [ - odi - Senk | icrofluidic
devices an%%ﬁgt%so%%gggﬁ gﬁ&ﬁi‘%! %}ltl:%%%glll%eg gﬂp?%i[%e %JIEI{E S%Beg ’e%n[%lo%r%%l %%:bggti?c%udes

providing dlhiﬂipif@fﬂmﬂﬁg d@@i@@ﬁ@pmbedmmmwﬁmm@l@mme@@m@étm tlgooysmtiand 1 pm,
a second chamber fﬂ@‘f'&gu?eg'@%@ﬁig@h@%‘#ﬁ%&@gﬁﬁpﬂm%ﬁﬁﬁc%@i%ﬁsoc{e'gé‘i’fl?eﬂ%‘é/r&%?omrm

channels each having a dimension bétween 1000 gm and Ip,m. The first and second 20 chambers can

be in ffuid ddrmledinisaeicrnvdinrebeh atddiomasgghus esranin . dstoelivadan Bemiposeldislasig a channel
which, whep ctiated tg; R%Rraqgj?ol‘}é)%'é%kﬁw N rONU cESAER PR AU ARy

communication between the first and second chanibers, or into or out of the first or second chamber,

or both. THehHetdstredeninéiosedermbauaivyy ausipitatitammyieage el loied dirstleprpssisaecintroducing
the proteindi RBIHEOR UM e RN ANBRERE ARG NEAYRIYEARINALIBE SoltiianKeAiRiRing the

protein in the second Chamber becomes in fluid S5communication with the crystallization reagent in the
first chambaryana chosinepthis veinge afedrlaapethndiol ordersoinmagnprdeisesnatiempidaon duween the

first apd sepqnd chambars, [R1248 inseme SUPABIMSRLS: 2 Yalve,6aM e dindes g papyql of an

automated valve actuating device, which in turn may be further under control of a computer or
processor.aRd Srgkirasetiifiesbfiendicidrdiie ehmagaititie at least one elastomeric layer, and a valve

can
[0119] According to an embodiment of the invention, the detection and/or quantification of

a plurality of nucleic acid analytes from a sample may generally be carried out by obtaining a
pre-amplified sample, aliquoting the sample and distributing the pre-amplified sample into

15  reaction chambers of a microfluidic device containing the appropriate buffers, primers,
probes and enzymes, performing a homogenous assay for the target nucleic analytes of

interest, and querying the aliquots for the presence of nucleic acid analytes.

[0120] In a first embodiment, a sample is obtained which is suspected of containing the
target nucleic acid analyte of interest. The sample may be first reversed transcribed into

20  cDNA and subjected to a preliminary amplification reaction to generate a pre-amplified
sample. In the preliminary amplification reaction, the reverse transcribed sample is subjected

to 14 cycles of PCR in order to increase the nucleic acid analytes by about 16,000 fold.

[0121] In a second embodiment, aliquots of the pre-amplified sample are distributed into
separated compartments of a microfluidic device and combined with the appropriate reagents.

25  Inparticular, the aliquot may have a volume of in the range of about 1 picoliter to about 500
nanoliters, more often in the range of about 100 picoliters to about 20 nanoliters, even more
often in the range of about 1 nanoliter to about 20 nanoliters, and most often in the range of
about 5 nanoliters to about 15 nanoliters. The reagents may include a labeled nucleic acid
probe, PCR primers (e.g., forward primers and reverse primers), a thermostable DNA

30  polymerase, GT buffer, an aqueous buffer, magnesium chloride and deoxynucleotide
truphosphates, and may also include other non-reactive ingredients. In a specific aspect, a

pre-sample mix may be prepared which may include TagMan Universal PCR master Mix,
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include a deflectable membrane. In some cases, a deflectable membrane of a valve can be deflectable
into one or more channels to control fluid movement along the channels. Multiple elastomeric
membranesWea3PHE1BERded or adhered together to form an elastomeric bIRKTIRS3HE403&Es, portions
of channels or chambers can overlap with portions of other 15channels or chambers at an overlap

region. Sudmutakagesodd GHamibe rmissinlbe (i fuidbedfarmandddion Theoprsksanvidel ouatedabehe overlap
region. [Olggl’llglll%§'\&%fﬁ%hgiﬁ8@§1% a&ﬁiﬁ?ﬂﬁ'e{m%%& é;[ggm rofluidic systems and methods according

to embodiments of the present invention. FIG. 9 shows a photomicrograph, with scale bar, of an

exemplary fluidic device. FIGS, 10-12.each.sh eader images. of 20exemplary micrefluidic
Covices s e A R ot
device, shehong ChavirtelabonhedivhBbétwee minpuiinbistanthgmélastbonedaigouk. ghsstodwnain FIG.
13, a microfluidic em, gan.include,a mi idic device hayi [tiwell plat 0@%@ ally referred
to as a@ carlrrlaeH or rgﬁnég%ﬁ% ,5':?%1 ﬁﬁﬁ%ﬁ%ﬁt@%gﬁa}jﬁ% %%gg}gur?géﬁaﬁbﬁ% é’é an injection
molded pla¥MdE25T e ameigwoll ghate dkrlinclabeut3anndiMEAAReinas argoadsigeddot orabiding fluid
communicat } Il t sic bl S, P gﬁﬁ%' af%q 0..61/030,887
filed Febru%é’%?%%@%%ﬁ?}é{g}%ﬁel %%grlﬁ%% %f%l%?(%ﬁ%ﬁ?é@&%? Owﬁfh iS |nc§porateﬁ\l§ Prwaglr%?n by
reference, oleslrilidS/ ctaraboar fo&mendohfigematbmsawimigh afé dlitabierfer elseunitth mMickoshdditc

systems and nethods, o e, AR ARRHERIGNL G4 BBOS S0laAsReRts qygroidic

systems and methods according to iments of the present invention.” WO
2009112682Pa T sbraORB C020[000.8{bauditto it @ ividairi e nmbaftthe i MiBY (Kt aemimethods for

detecting lei ' g 0 ir i ' [ ' id a
hydrolysisn#rj?;/ggu g%ﬂal?gl%@ gﬁ?ﬁ égp?ggltgs?é gﬁ%g%%@ \ggg’ %ﬁ%?g?g%@ro e%in%{()ac'%%?hods of the
invention cowrgisesthiecfeatkedsnshiging lth&hibhithrougheantancrbividid débickeins, deseribed herein,
Slabeled “%@%‘,"aﬂd&ﬂ Righy ce??ﬂib%‘ﬁ‘t%ﬁ%@ 3500 IS IRAHNE/ NAHATH M fI8IGACId analytes
with high PCR and probe specificity. Certain methods described herein may allow for the detection of
low copy niYHYBerMiciehoudif’araipeebhekéein kB ibaufid8besomscel odekgrilirragididirid % high
signal 40 ngige tatg. The homogeneous assays of the invention may have a dynamic range of at least
about 3 orders of magnitude, more often at least about 104, even more often at least about 5, even

more often af Jaast abaut 6. often At lsast AbSYLT, 298.SePSIMES L8RS ARAKLS.01d8sS Bt

magnitude.
diluted to a final concentration of 1x when used in the dynamic arrays. For example, a 20x

GT buffer may include betaine in a range of about 1M to about 10M, BSA in a range of about

5 mg/ml to about 15 mg/ml, and Superblock® T20 (in TBS) in a range of about 20% to about
20  65%. In a particular aspect, the GT buffer may include about 5 M betaine, about 10 mg/ml

BSA, and about 57% Superblock®T20 in TBS. As one skilled in the art appreciates, the 20x

GT buffer would be diluted to 1x in the final reaction mix.

[0124] The PCR primers must be sufficiently long to prime the synthesis of extension
products in the presence of the agent for polymerization. The exact length and composition
25  of the primer will depend on many factors, including temperature of the annealing reaction,
source and composition of the primer, proximity of the probe annealing site to the primer
annealing site, and ratio of primer:probe concentration. For example, depending on the
complexity of the target sequence, the oligonucleotide primer typically contains in the range
of about 15 to about 30 nucleotides, although it may contain more or fewer nucleotides. The
30  primers should be sufficiently complementary to selectively anneal to their respective strands
and form stable duplexes. One skilled in the art appreciates how to select appropriate PCR

primer pairs to amplify the target nucleic acid analyte of interest.
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[0119] According to an embodiment of the invention, the detection and/or quantification of a plurality of
nucleic acid analytes from a sample may generally be carried out by obtaining a pre-amplified sample,
aliguoting ti¥Q3MAMIEE3A distributing the pre-amplified sample into 15 reackioR/ BRI & a
microfluidic device containing the appropriate buffers, primers, probes and enzymes, performing a

homogenoUH&%bqﬂﬁq&h&tan@&dﬁm@i&é}mm@ﬂsmmmuemwm@iqum@lfﬁme_
presence giicigic.acid anajytas 101204 ! [hdﬁefgéhﬁmgg%@&eﬁ}oﬁes&'ﬁﬁiﬁéﬁ ohlalnes Wugh.is

suspected o ‘cc’)ntalnlng he target nucleic acid analyte of interest. The sample may be first reversed
transcribedéidc DDA thachstibieetdd ab raqemtimieabyreanpiid Oation meddtion ter jengstaneckeic

pre-amplified pamie. I s arelaningr aptebfcptianiaacion. D drisrsadiense hideamole is

subjected to 14 cycles of PCR in order to increase the nucleic acid analytes by about 16,000 fold.

101213 In 'a@é@@a’cdye_frhbbdmémha_nqty@tgagmle{rpcéaafmpﬁﬁw ﬁmﬁp@arwlmﬁmrib@ieblemmpsebgrated
compartments, of 4 NIGrRflidic AR VISE 20d FAMRIRE ‘Pe%%h{?@s ﬁ%@?@&@%&ﬁg&@@%ﬁﬁa%pamc“'af,

the aliquot may have a volume of in the range of about I picoliter to about 500 nanoliters, more often

in the rangeubstariewrnton pieatieattytbysbolyecophaphirdrester/bondtopé thfrerole el ihparefiabout 1
nanoliter tQyabaul 2NIRRRIHEFR-80H. MASURTREHRINEJANgE 2L ARkl PRAQILRES HRakaktLS

nanoliters. The reagents may include a labéled nucleic acid probe, PCR primers (e.g., forward primers

and reverseffsdhedridle auenohnodysine brmBotpoiindhusa ceitipg e meisatiedtisdeiffer, magnesium
chlorige angh deexypucleptide iunbosphaperapgmay: al30 RClyPe Qhel farHeantivkingisdignts. In a

specific aspect, a pre-sample mix may be prepared which may include TagMan Universal PCR master

Mix, WO 2004¢tzedbepeeplUsdaoomdoRoand istivEgrasrer(@no of B uRitsaseyibedxa sy bt and
H20. The gyeapRladrud Wa@ﬁ&&ﬁiﬁmﬁg éﬁg@@gﬂﬁgpé&‘acid of interest, and appropriate primers.

[0122] In one aspect of the invention, a’lx GT buffer may contain betaine in a range of about 0.1 M to

about 0.8 Yy B I AAS0hARONLORIL 0. ARRH MMl A cergling & fRnasiRlpout 19 0

about 5% ,000 In a range of abiout 1% to about 5%, PEG MMES50 in a range of about .05 %
to about SRCRHEEsddotastioramgiedsi dnbbencw by answebogefdstactRniaEES in a range of about

1% tq aboyt 1ot tReroI0akR I&Qdf‘cﬁuﬁﬁﬁ%ﬁa%?é%?Hh&f’éictgc"i‘@‘&{fél}%%IéHﬂeB%@Mﬁﬁﬂ‘rﬁaSﬁnge of

0.1% about to about 3%. In a specific aspect; the IX GT buffer may contain about 0.4 M betaine, 2
mg/m1 BShe agssuio280 0 ajigusstol mperthoosspees Qb aemplBotatvusPRENNM EgSeiebout 2.5%

MIMESO00. gl 0% SLEELPIARHDA PES AR T LRROBSR T30 S0 #RPwf o Tween 2.

In a more specific enibodiment, the Ix Gl buffer may contain about 0.4 M Maine, 4 mg/ml BSA, about
5% glycerdheberiehipra by sdecapoin 19sHECYMMETS0hahsicot 5946 WRIEB0D0 b ether0%

Superblock(R) RS PROULALARUPSHPIRGkE: T2 Q5o ARRY WAL STNESR, 301012 3hin another

aspect of the invention; a 20x GT buffer may be prepared and may be diluted to a final concentration

of Ix &hen Hpsatinatdinmawaidifiaetien methodamsieba wod LT HarfeimEl inHE I96@IALH a range of
about 1M tg 2Rout LMy BRA JR-&-FR79E SAReW, XIS AR AR B, RRCLSUPFFOiREK() T20

(in TBS) in a range of about 20% to about ' '
formed during or after the amplification process itself. Fluorogenic nuclease assays are one

specific example of a real time quantification method that may be used successfully with the
matrix-type microfluidic devices described herein. This method of monitoring the formation
25  of amplification product involves the continuous measurement of PCR product accumulation
using a dual-labeled nucleic acid probe, such as a hydrolysis probe. It will be appreciated
that the invention is not limited to use of these probes and any tag-specific probe may be

used.

[0127] In a fourth embodiment, the aliquots in the reaction chambers may be queried for
30  the presence of the targeted nucleic acid analyte, which is accomplished by the use of the

labeled probes. The fluorescent signal may be monitored and quantified with fluorescence

detectors, such as fluorescence spectrophotometers and commercial systems that allow the

monitoring of fluorescence in PCR reactions.
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2065%. In a particular aspect, the Gl buffer may include about 5 M betaine, about 10 mg/m1 BSA, and
about 57% SuperblockeT20 in TBS. As one skilled in the art appreciates, the 20x GT buffer would be
diluted to Ix YWARE0AA$¥¥action mix. 101241 The PCR primers must be suffRGaH29HG4H Prime the
synthesis of extension products in the presence of the agent for polymerization. The exact length and

compositiol EBHf thislisrimeriill bieperat.chernenty faetobs, untlbding bempeydardsisttildabnealing
reaction, Sgﬁé&%é‘gﬂlﬁﬂ@ Bﬂﬁithoﬂg%mrﬁﬁmﬁ "o BRI MU OF &ﬂ%ﬁ%ﬁ@%ﬁ‘&?@%@gsﬂﬁﬁ‘i’etﬁ%e‘iﬁ'mer

annealing site, and ratio of primeriprobe concentration. For example, depending on the complexity of

the target %dueﬁbedtﬁ@ &Wﬁ@@hﬁ@@iﬁ@m@ﬁrﬁﬁaﬂgﬁﬂmimtmmﬁgé wichisteufars to about 30
nucleotides, aeUghit Nax COMANMRE QLG BHISALLES, FRGICRUMESS ghould he sufficiently

complementary to selectively anneal to their fespective strand$ and form stable duplexes. One skilled
in the art ajspreteiacas odeto BemEppropENaE FCRbriercpeirn moanpkithduargetasitieic acid
analyte of @f(ﬁiﬁéte.&9189&%3)6&&%%{%%8991%%%8P@éal%laaﬁléI%saaﬁlifﬂlgmé%S?dvRﬁQ&oﬂs of

homogenoUs assay may be performed such as real-time PCR, for example. In this assay, the labeled

nucleic acithpsrbecosheamesiee dmeteh bf thaddicadindude disey tiatiars B dptdibfescoartiting 8-mer
and 9-mer frgiifs, R IHR 18ReLAHASIRHA ARG S5 JESETINRM AP AYR LR MeRehing:8hihe

labeled nucleic acid probe is Sirrevocably eliminated when the Taq polymerase reaches the region
where the thb&bdlpdaneissyannealed to the target nucleic acid analyte, recognizes the probe-template
hybrid as a substrate, and subsequently hydrolyzes phosphodiester bonds of the probe during

primeidirel@E DNA wifiptifienpionidtitethatdiiydissdnetionitrévotdblymereadtn #dgsershingSeffect of
the quenchgdye, enig 5‘?%%@@%@(1‘?66] %%ﬁ?ﬂgi‘%gf‘f%ﬂ%rl%@ﬁ‘ﬂgoql‘?tﬁﬁfofn]s%&%%ra%%g%??eeaé’%’ ith each

successive PCR cycle. It will be appreciated that the invention is not limited to the use of real-time
PCR, and taub ey anskisstineisnedsRCRad eborib &00Abergs i ymegythe dstsdttl deteethmasheddogsy the

analyte of M%i?ﬂv%ﬁ] %%Q%%%B%%ﬁ Qfi0e JPYERtoN, BBHIS NRbRSSRASH ‘;'eeagtto be

limited to PCR-bas etection methods, but fmay employ any method of detection and /or

15quantificéition 20.¢eléorera@ibeidatisy eatdd: auetaioaeiefanalyteasiribog 48Pt serareases be

used o amplify 3 13K9e5 N ANPIBRATREGH f%tié‘?5@6119EH@GQQ&&@%&?&%QS&?P“O” systems may be
used, including systems described in U.S. Pat. No. 7,118,910; which is incorporated herein by

eference I ES@n AN AIHNELASRSSH 3 dSIARIBn SYRIAY SIBRUIRRSR KA ot puch oo
an Invaderg)as(sﬁay 51 Pr% V&aveo, R/Iga{%@on, “In one (BN ol Paterita pfittors
unpublished patent applications) cited herein are incorporated herein by reference as if each
such publication or document was specifically and individually indicated to be incorporated
herein by reference. Citation of publications and patent documents is not intended as an

20  admission that any such document is pertinent prior art, nor does it constitute any admission

as to the contents or date of the same.

[0131] While the exemplary embodiments have been described in some detail, by way of
example and for clarity of understanding, those of skill in the art will recognize that a variety
of modification, adaptations, and changes may be employed. Hence, the scope of the present

25  invention should be limited solely by the claims.
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20aspect, real time quantification methods may be used to determine the quantity of a target nucleic
acid analyte present in a sample by measuring the amount of amplification product formed during or
after the amplification process itself Fluorogenic nuclease assays are one specific example of a real
time quantification method that may be used successfully with the matrix-type microfluidic devices
described herginTRis Methachofgnonitoring the formation 25 of amplification product involves the
continuous measurement of PCR product accumulation using a dual-labeled nucleic acid probe, such
as a hydrolysis prdbe. It wilhbierafpiticiateitthabdtgikingntion is not limited to use of these probes and
any tag-specific probe may.beé.!;ed. 012?]fln af urthfemliodim?nt, the altiqutgts intt reaction
chambers may be queriea B3P thé B ARES: tneatalrréte hicfeit 244 %ina?y{lersw whis
accomplishelchbiyeihie nsiuid Hoenlabelestiprobésh. alfis fithareseent signal may be monitored and
guantified with fluorescenacp detector suchlaf% fluo({escence ectro%%gg%ters and commercial

irst control.¢hannel Torme econd laver ate, wherein
systems that allow the monlforlng of fliorescence in B@ reac |oﬁs.

2009/12682b6P & THISRIOPI1040{h04ni0d2BE Alteragtivelyd however, the probe may be unlabeled, but
may be detectable by specific binding with a ligand which,is labeled,.either directly or in(%rectly.
Sutable labets, and med ot PRI SOt R SRRt o A B mcluce, for
example, ratliodtiive 1abdjscaiah theese bindhiegeporated by known methods (e.g., nick 5Stranslation,
random priming or k'”as'%%a?é%%“cﬁ&”%‘f%%e”é@r% SyEhemiuminescent rr%‘éﬁt?o%eﬁfand'of(eta”?s)
enzymes, antibodies, gold nanoparticles and e like: Vanations of this basic Scheme are known in the
art, and inclsde flvideoranatidrasi tinab facilitatecoep diatiah afrtle wiybnkds a dilse etested fiom extraneous
materials anglot hek amelity the signsl from the \eheled mojety 10101201, I il e ppreciated that
specifically at feast abou , more often at least abou 5}5 Still fnore orten at least about 50, even
more often poigasivditoutelO@oincbamel ¢ase et easinaloo cd thOvaidssarmtinbsmbdeast about 1000
targets may be detected using the methodology, of the invention. Thus, the method may make use of
at least abou ir(‘j}nrr?grlenqgﬁ%ﬁ%‘f%]levfsltsalg)uots EEXI s%ﬂ(fgr%grée%‘f{leoﬁl é{P engé g%lgérag%}ggv%eﬁ:?tmore often at
least about @0 pinfsomehecasend patteastatout 500 and sometimes at least about 1000
target-specific probes. [Q%%‘%%r’%'s'o%{%'&%‘ﬁfv%s?%&‘d palgh %8&‘&&?%%@%&%%1&?%:5@8%?9 gate”t
applications, and unpublished patent applica |on§) cited herein are incorpora ed herein by reference as
if each suchhpublicatiomad camehevlionas spbaifgealypacsdundividualfic it atedrtd deumedrporated
herein by reJﬁtre'Ee%efhgk‘f%ék"{s‘o%Po%bé'&R}é%%S%E‘a‘?eﬁcﬁ%eﬁ}sggﬁ%}%?tﬁé?n“a‘“ DEERds sl 20admission
that any such document is pertinent prior art, nor does it constitute any admission as to the contents or
date of the Samehfahsll i kileithanexeshpiatyaten todsaventsikelus dreed dgsorblett ithsome detail, by
way of exa’l‘é%'%ﬁ %E&B&@ﬂ%‘% y&%%@fl%ﬁﬁ%‘@fo%ot%% 948%@{1 H‘ow%ﬁb%@ﬂ' recognize that a variety of

modification, adaptations, and changes may be employed. Hence, the scope of the present

2. The microfluidic device of claim 1, wherein the first isolation valve

comprises a deflectable membrane.

3. The microfluidic device of claim 1, wherein the second isolation valve

comprises a deflectable membrane.

4. The microfluidic device of claim 1, wherein the first chamber disposed at

least partially within the first layer.

5. The microfluidic device of claim 1, wherein the second chamber

disposed at least partially within the first layer.

6. The microfluidic device of claim 1, wherein the substrate comprises an

elastomeric material.
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25invention should be limited solely by the claims. WHAT IS CLAIMED IS: 1. A microfluidic
device, comprising: a first flow channel formed in a first layer of a substrate, the first flow
channel is in fluid communication with a first chamber; a first control channel formed in a
second layer of a substrate, wherein the second layer is adjacent to the first layer; and a
second flow channel formed in a third layer of a substrate, wherein the third layer is adjacent to the
second layer; 7. a reacidestichdionrielfosmethisitirgthird layer, wherein the reaction channel is in
fluid communication with the second flow c%ag [, wherein a first portion fﬁ reaction channel is in
fluid communication with ‘iﬁ@lﬁ}&% mbedt g}e@' raas%eggﬁag ’Sé’ oﬁné;atﬁ%r egaé't%nw(ﬁ%%ﬁel is in fluid
communicatherssvithdl sgeandishasabberwdardia antatertand kalvsis disposed along the reaction
channel to isolate the first portion from the second portion; and. . . a first isolation valve and a
second isolation valve, egghr%io%%%%gé%rnnge aéqﬁl%f 88%%?% e g%hnef??/vﬁres}e{ﬁ’?’g &%agl}%e in pressure
within the fisabswakspl channel actuates the first isolation valve to isolate the first chamber from a

portion of the first flow channel an S|rEu}t?neo%sl¥1%gt§ates e seﬁon&l és%zsatt%le\%%lyﬁlto isolate the

. a secongd cha ormed & St partially within ) . .
second portion of the reaction'c annel from the second Row channel & microfluidic device of
claim 1, wheubsrdbe didt isolation valve comprises a deflectable membrane. 3. The microfluidic
device of claim 1, wherein %hetsecpnpl [ oIatiP val\ge.c mprisesd defle tE%ble an}brang. 4. The
microfluidic device of claifn 1:[? wherein the tirst chamber gigﬁ%osne Qeds ﬁasrlflasl §/av$itﬁ1|1n the first layer.
5. The microfluidic devicex dfostathaidnalferedd inglsedinidgramber disposed at least partially within the

fistlayer. - 6. The microfliche device halain LiWhgiain.fie syRstiata.comprises,an elpstomeric
material. 7. A microfiUidic evice, comprising: adibstrate ]havmg A tiret fayer, a second

layer, and ashirfluay eomvinereiatithrevegic dndflayeclismhisp ededebetvesnptiradinsttahe thicddayers; a first
chamber foE aellglee}tilsel%%l%%ryg%vl\llliltpcia i'%ev{/lﬁﬁtt acy ﬁ%s(t)fcggl?nber, wherein a second portion of
the reaction channel is in fluid communication with a second chamber, wherein an
interface valve is disposed along the reaction channel to isolate the first portion from the
second portion; and
a first isolation valve and a second isolation valve, each disposed along
the first control channel,
wherein a change in pressure within the first control channel actuates the
first isolation valve to modulate a first fluid flow passing through the first layer and into
the first chamber, and also simultaneously actuates the second isolation valve to

modulate a second fluid flow passing through the third layer and into the second

chamber.

8. The microfluidic device of claim 7, wherein the interface valve is
disposed along an interface channel that provides fluid communication between the first

chamber and the second chamber.

9. The microfluidic device of claim 8, wherein the interface channel is
formed in the third layer.
10. The microfluidic device of claim 7, wherein the interface valve

comprises a deflectable membrane.

11. A microfluidic device, comprising:

a first flow channel formed in a first layer of a substrate;
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substrate; a second chamber formed at least partially within the first layer of the substrate; and a first
control channel formed in the second layer of the substrate; and a flow channel formed in the third
layer; a reaction channel formed in the third layer, wherein the reaction channel is in fluid
communication with the flow channel, wherein a first portion of the reaction channel is in fluid

communication with the fiystrehenRBe \WhatiIncemetRAchRostionohdhaseasivoraRasnel is in fluid
communication with a second chamber, wherein an interface valve is disposed along the reaction

channel to isolate the first PRGN HLvesisspbitsie Badirst flow ghapnels srhaEAN Y% e and a

second isolgtiansvalveneach disppsecs aleng trdiisitantimateNanagie] formedihgr@ifbadchange in
pressure within the first control channel actuates the first isolation valve to modulate a first fluid flow

passing thrétigh thhrrethsivaie Aipssts b St Harbendise IR URAGRL I Q¥ tuates the second

isolation vatyeoiesngd ylaierR seaondduiddiew passigiueugh the third layer and into the second
chamber. 8. The microfluidic device of claim 7, wherein the interface valve is disposed along an

interface channel that préVi8eQ e ¥shantsliamprigamvibnd faxehid: Dramsdri it teond

chamber. theSetb@imigeefluidic device of claim 8, wherein the interface channel is formed in the third
layer. 10. The microfluidic device of claim 7, wherein the interface valve comprises a deflectable

membrane. 11. A microflditfEE\FEAMESHBLH camputsalieh ArHE e Arread 2 Wichaadek of a

substrate; a first chambey iacidli commmunigatienspatRdhgoiEstiiowohammeal; channel, a first isolation
valve disposed alonﬁ%he first flow channel, wherein the first jsolation V%L\’/F: comprizes a first portion of

a control chAFEMJANSTFRTS ISRRESE MYLs BTSSR iR AR AtET 25 M RrhyBAERY is configured

to control flgyyiedugh s idgh fleve chanekinie thedist shegnker to controldISRcaigfidwhehannel
formed in a third layer OI?FQ&? ubstr&te adré'?acer}\lt tobthe second layer; a second chamber in fluid
communicatfsWith°thé PN GHEIRE chamber

>a second isolation valve disposed along the

second flow channel, whergiicthm saeomnd foelattom abvdiconapesesthesaetdiparinniaf the control
channel formed in a second, I@;@r f the substrate End iS C n‘iii)%ured to control flow through the second
a

flow channéCHSRE LEEbRE &y chamber andhessro B8 med in the third layer of the
substrate, in fluid commuaidatiefvéthathe dikposbamber arddhaisactndnehasilesn the first

and second chamber, wherein the interface valve comprises a portion of an interface
channel formed in a fourth layer of the substrate adjacent to the third layer, and is

configured to control flow through the reaction channel.

12. The microfluidic device of claim 11, wherein the first isolation valve

comprises a deflectable membrane.

13. The microfluidic device of claim 11, wherein the second isolation valve

comprises a deflectable membrane.

14. The microfluidic device of claim 11, wherein the interface valve

comprises a deflectable membrane.

15. The microfluidic device of claim 11, wherein the first chamber defines a
first chamber volume, the second chamber defines a second chamber volume, and the

first chamber volume is less than the second chamber volume.

16. The microfluidic device of claim 11, wherein the first chamber defines a

first chamber volume within a range from about 0.1 nanoliters to about 10 nanoliters.
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an interface valve disposed along the reaction channel between the first and second chamber, wherein
the interface valve comprises a portion of an interface channel formed in a fourth layer of the substrate
adjacent to the third layer, and is configured to control flow through the reaction channel. 12. The
microfluidic device of claim 11, wherein the first isolation valve comprises a deflectable membrane.

13. The microfluidicydevicehehaiaivhdilinheisivinasecondvpeiatione/ aliyaieaapisRs spalgflectable
membrane.  14. The microfluidic device of claim 11, wherein the interface valve comprises a

deflectable Hibssiesetween gherfigst rhamhardedibsicecond ichampberoRe ibm disERcEt chamber defines a

first chambeb¥pl§ee  tRa GRGAMAE I hammbe relines R 2T andshaslanyqlume, and the first chamber
volume is less than the second chamber volume. 16. The microfluidic device of claim 11, wherein
the first chamber glegrines R first c%gua]be volume within a range from about 0.1 nanoliters to about 10
nanoliters. 17-°The MiGTOAGIE deVice 6 eraim T ' &wherein the reaction channel spans a distance
between the first chambex plnehtitg sEiondloharhbearclartdrtheddistafice egmpriisesibstength within a
range from about 200 Rm tg about Rm. 18. A microflujdic devyice, comprising. a plurality of first
flow channels formed in & ﬁ(igfafa{t e?ﬁc()%%asts% 58 rbaetres,’ \ﬁlerem§aﬁhjpﬁﬁ§)}é§1ﬁr§u§ﬁg{r’%Brégér,sﬁherein each
one of the plhualtyreidinstidotrensuis ¢atituidvibrnumispoiodingitirst Gowedpanding first flow channel of
the plurality ?&rﬁiﬁt fg%\%r%h %nelc?fannels' a plurality of control channels formed in a second layer of the
substrate agjacenYto t etfirsthayer; > aplurality of first isolation valves, wherein each one of the
plurality of first isolation vaplesmigylisposec bdbagnalc dorespbindingdnsd figer claha elloftthe plurality of
first flow chggmeé%,t (t:gmgr'lsrgslg girr,st portion of a corresponding control channel of the plurality of
control channleaics, and is con*iggred to control flow through the corresponding first flow channel into a
corresponding first chambeiwhtig @idnalitydhfiost chaesbehsrein each anps wiality mhsdegrd flow
channels formedl i, 8 nitd vt gl spheitate adiacent 9,116 SROOL UYL or e piBBMEAIY Of
second cham%ers, Wherein each one of the uraﬁy of $econd chambers is in fluid communication with
a correspondifigss8oenchfionelshermetisf thdipupaliticnfos@cand flmmdingroetsyl channelapplurality of
second isol t(iaor’i l}/reéld\lltes fwgg reipcﬁgghe r’len%f .tshgoﬁ#lrglgg PJ &?ioélchis&’/lﬁ}ir?)” \flatll\l/gs i_s disposed along
a correspon m% sec ng flow channel of the plurality second fow ¢ annefls% comprises a second
portion of thewespesgoringt Corwrdhaiehmebaof thephradinoficotranbhanhdis phindlisycgnfigured to
control flowf'{prtoctf%rr}lbh? corresponding second flow channel into a corresponding second chamber of
the plurality of secondﬁcslﬁambers; a plurality of reaction channels formed in the third layer of the
substrate, wherein each erpdunilibeqilseadity dfore abtionebhmmels is artifiuid gemehdmcation with a
correspor_ldgql%sfggggecargﬁlgngﬁrijgftﬁges é)clgﬁali%glf;first _cham.bers and a correspondi_ng second chamber of
the plurality of second chambers; a plurality of interface valves, wherein each one of the
plurality of interface valvespkudiposestatod glzohess pdieding eahotionadlibepblrefithefplurality of
reaction channels EESY f&‘ﬁl‘iﬂffgé%ﬂﬁﬁﬂf&&'ﬁ%ﬁﬁﬁﬂ‘%Eéﬁ&géﬂﬁiﬁ J ?ec%%%’}%%cﬁ%ﬁ%‘ld chamber,
comprises a portion of a corresponding interface channel of a plurality’of interface channels formed in
a fourth layef dfethbisibtstoateauiddlw thaheelkird layer, and is configured to control flow through the
corresponding reaction c : T i idic deyj I [ first control
channel modulates fluid f?o%v%%ﬁ?notﬁseg ?ﬁgﬁgg\,%g({;%%wgﬁegy%g%e%%%gég?#g}%ﬁ%% g‘}g?]%[% a first
direction intef tieedirdti flderichanheisandisposkslates laicofimapwithing thes sat e tbwnohlbeindeby

deflecting a%%?r%% SPEIHAM W AHSGRINLHFBER0 IR NG SETRAL A C0ARYSInrRgTein the first

direction is opposite the second direction.

control channel of the plurality of control channels, and is configured to control flow
through the corresponding second flow channel into a corresponding second chamber of
the plurality of second chambers;

a plurality of reaction channels formed in the third layer of the substrate,
wherein each one of the plurality of reaction channels is in fluid communication with a
corresponding first chamber of the plurality of first chambers and a corresponding

second chamber of the plurality of second chambers;
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20. The microfluidic device of claim 1, wherein the first and second isolation valves are disposed at
different positions horizontally along the first control channel. 21. The microfluidic device of claim 1,
wherein height of the first chamber is greater than height the first flow channel. 22. The microfluidic
device of claim 11, wherein the first and second isolation valves are disposed at different positions

horizontally along the firs} pantRlycopmMM@kace vaRed NeHtGIPEM IS i¢RqfI6laINY bE, wherein height

of the first chamber is greater than height the first flow channel. )
interface valves is disposed along a corresponding reaction channel of the plurality of

reaction channels between the corresponding first chamber and the corresponding
second chamber, comprises a portion of a corresponding interface channel of a plurality
of interface channels formed in a fourth layer of the substrate adjacent to the third layer,

and is configured to control flow through the corresponding reaction channel.

19. The microfluidic device of claim 1, wherein the first control channel
modulates fluid flow within the first flow channel by deflecting a first membrane in a
first direction into the first flow channel and modulates fluid flow within the second
flow channel by deflecting a second membrane in a second direction into the second

flow channel, wherein the first direction is opposite the second direction.

20. The microfluidic device of claim 1, wherein the first and second isolation

valves are disposed at different positions horizontally along the first control channel.

21. The microfluidic device of claim 1, wherein height of the first chamber is

greater than height the first flow channel.

22. The microfluidic device of claim 11, wherein the first and second
isolation valves are disposed at different positions horizontally along the first control

channel.

23. The microfluidic device of claim 11, wherein height of the first chamber

is greater than height the first flow channel.
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