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MULTI LEVEL M CROFLUI DI C SYSTEMS AND METHODS
CROSS- REFERENCES TO RELATED APPLI CATI ONS [ 0001] This
wa@p@bileaké on i s a nonprovi sional of, and cl ai nBCT/Ki82009/040104
benefit of priority to, U S. Patent Application No.
61/ 044,417, filed April 11, 2008. This application is
also related to U. S. Patent Application No. 11/043, 895
fil .
2R R O I RN D METHODS
above-referenced filings is incorporated herein by
r ef er ence CrRAGKRRPINRNGETHE RINVENEDRPRORIZHONS
Enbodi nents of the present invention relate to the
fields of mcrofluidics, |ab-on-a-chip, Polynerase
[00@Hai ‘FhiRepi tcatiers is(2'RARV sigriabehend claimsaihalbyrify of priotitita, U.S.
crystal lizati n creenin retein . .. .
paccif KbRidc e 8T AR ERRrR LapREThElaPpljprion s aso elaed to
US| et @litati @b i 19043, SUTLRIOA $HANS): 2 ANJ0 AU eiBEeDocket No.
[ i cal screening and anal ysis, anong others.

bi ol o S
0201 666 573 0USn o heipriire Cortontcd saelbef the abparitatecngsd veciss
inaﬁﬁ%ﬁ%ﬁt@ﬂﬁhﬁ?r ﬁﬁecélwdlc pat hways, often called

channel' s, mcrochannels, trenches, lines, or recesses,

havi ng a cross-sectional dinension bel ow 1000 nm and
whi ch of fer benef|i ' roughput and

reducti on of re§€5h§ﬁﬁgﬁﬁﬂﬁg§{¥ééﬁ§$§gfb?n$here is a

continuing trend toward increasing the number of
[000232CEBOS mchRlof SR PrERnPRIERTIHRLIav ohih&fi8dS bPhldbThhigics,

device. For exa it is often desirable to provide

| e’ . . o .
lab-desicbes Pbimavesed TirgReatsings €YCBY). beasbemisnl eTwdire petcin
s Lgnifi.capt r n nces jn.mcroflyidic.
cry AR By oo g EET v AR b B S p e ion,
labdR4t8HEMdbo RS Infd 1B s Yk Cih dRIn BB dietEDib @i A Ed et DRI @hilysis, among
even nore efficient devices. [0004] Hence, there
oth¢"&nmi ns a conti nuing need for inproved nanufacturing
nmet hods for producing mcrofluidic devices having a
[0008] ghelicra@mdictdevaks cadat dadincd as detiesthaoing vaaesmper fluidict
area of th crof | uidic device. At |east sonme of .
Pathvriyseo g calle chsgngty ICREhRIL eRibdier Sodstct Higving a
croRLsBSt Rl HiMERRHbA 8BIRRITR0 | AMYBR HFo Fdie e hOENII @Y increased
[ 0005] Enbodi ments of the present invention provide
throgizlepud hdiradiuctiaiesi rc@gioh avelumersa Relaghllléhat tsa efntingagtticod toward
. _chanbers or zones per .unpit .area, as, well as t hods .
inerf i R e e ey R U b R e HBY poBerBipaevice. For
exaMpREit S dredestrif teXloside HevideyVh A8 a RBH dehdiEHIRERMbA Bhambers.
i mproved performance characteristics. The géeneral
Despépaignifisanffroepst ii’@’ ARPBID mlﬁfpﬂﬂtﬂlesvgh@my, 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
arca of the microfluidic device. At least some of these objectives will be met by

embodiments of the present invention.
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i nclude a substantial reduction in tinme, cost, and
space requirenents for the devices utilized to conduct
W0 b@amskey/si s or synthesis. For exanpl e, many PCT/US2009/040104
di agnostic assays require the use of expensive
reagents, and BRlEP$Lﬁ@Nﬁ&ﬁ?tﬁUTHEQNx@%PﬁﬁﬁlVe to
obtain | arge testing sanples. Devices which can
utilize smaller amounts of reagent and sanple are able
[000Y pEwbedischisoé tfd:airasepbinﬁﬁrgloemprawﬂ@m¢r05@1§tc dmﬁbﬁﬂaﬁgf a high
den$ {Tboqq?ﬁlo}l %h%%ﬁerx\?% 0n%§J L uqnt a2la U %e lgs Fﬂé’h%d? for thelr use and
I'on and anp ron reacti es,
maniifnet | Buch deviley ic@tﬁbe ﬂia&e SraMeer ahamcmtytlﬁg dbvioes, hllitﬁ(bftéhﬁmowde
S|nultaneously actuate valves for baoth sanp | e and
improvad @RtoIanes Chareqteristigs.y Thegeesd Pamedﬁtw%@mgc@scrwhydls gystems
f
1nclﬁﬁéq%er§{agﬁ%}tr9dlgcg§% %Prglga{}og{r,] tﬁﬁd ?ﬁagggcrhgl gr)r{)tg% devices utilized
to codticethe iahdigsis or symdichisofFot beaniyile, Snanyrdiagresmn’mksat}esargqmtesthe use of
are contalned at abdes red or selecteqH$ ssure In |
SXPLShiE TEAESALS, anshit Py ibg HSeU RECHRCREINE (AR RIHIR [418Y fesling samples.
Dev'lcré(é Wﬁﬁﬁcaﬁﬁﬁﬁ%@bﬂﬁl‘lé@nﬁﬁﬁﬁr&@ré g@&%ﬁ shinpR & bgo1s ?(Pﬁ’t%qme more
chanmber to the first chanb or m xing or contact
datagotitts ptvelofier sostr Eagrapliary Mbﬁdmmmts drecwcilswtsé foramse um eystal
such as channel s, Il ves, chanbers, .can .he at. | east
forrgfop B P BB et ol o Rl Coe: piTRRH Ay Rbice s i v o
con@HIiRIthAtREL sinalRhSoWRly dcBMed valRfs fanbdh ashplERAd ecadb@lnes.
[0006] In one aspect, enbodi nents of the present
Relatﬁ%nmcmﬂtédﬂ@ Sapaesmay be eanfigugidco @evﬁameasﬁﬁamaa@ltan a first chamber
fir
and a5 ot;ngl &gﬁ@[gﬁ%%%g#h ﬁl%&? %e% Qe ﬁge]cﬁﬁcg ‘hh%qgst%nd sec(j)nd

reageﬁtsaré tonsdinddpatardesitedodt ﬁlea&ti@msme subshe ases, op&ation of the
control channel can be fornmed in a second | ayer of

. an
micgfladie davipeinglpgdst rasattigs geqond reagspifgon |tweeﬂ%fhﬂ@mb@5w the first
chalkﬂﬁ If %r%glnggg%oﬁtg&t itfh ﬁﬁéq{rstggig%ﬂt &l sd {l fevice features such as

é trate e secon ayer is adjacent to the
chaﬂneﬂs valvesy ehgmlaansl chinbe ahlleascli phiapdy costaiadg, aacmmtiddzd) ot foemed by or
second | a A cha e ressur ithin the first
Witlig Re O Mt RifS oL AR B SRR Blotkon wi t it he
first and second flow channels. Mcrofl uidic devices
[00Qﬁdn lalone aisrmt, gdhwodinidntssaf the pieadrnit mveva'd)m@loohmpwe@roﬂuidic
t he.f ow, chann i rst

dovErShRae Cai PEh R TENLRoY RE Tl 85 p SbRARBRCE! The it

flow élaviBel chi®e ol ih ﬁﬁrﬁtla@ﬁ oV al Viestbm¥rit BsteR, ée control channel
def | ect abl e nenbrane. M crofl ui di c devices can al so

can pp écrrm?é iR a secoad davics of &t ﬁ:l@ﬁomam%lbdtr%tso@édh%m@ﬁ@d flpw channel can

be fOfhT tin?&vl S@?gﬂ% el?s &‘?c gu'B?tr é r &k 19 QHQ Eeoc ﬁ? ngglnlg adjacent to
cont ols ope SBCond T SO &t T on VA

the S8¢ e, aﬁd)thatthmmla\yaﬂ ¥ @dﬁiﬁf}'ht itanthleydend ld@frl acdhabgein pressure within

v FET 2 ] S L L 101 58 Tt B 30 S Rt

Mlcﬁdﬂﬁ@hc ld@Vl@és c‘[aﬁ'yfjso‘%naﬁ&éw frss %[E%ﬁ vaive B%?S&dadtlonsgt the first flow

[eastpartially wwthin the first [ayer
chamfvhidere tharfirkteontrolf dhanut] commals ppabtionofithe ﬁrm hselafcuon stlve. The
f.l qw. channel . Th sec d chanber, can
Firs AT LS B T1e L e SaanarerTtgshec A i e gpsgean also

1ncl€d‘@?@clﬁﬁd1fhs§1at1§n CHRBERpORIRIRSIHE &cbhd AbR chBghd,iWigdre the first
control channel

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
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simul taneously nodul ates fluid flowwthin the first

and second fl ow channels. [0007] In another aspect,
weerodeasent s of the present invention enconpasBCHUS2009/040104

m crofl ui dic device having an el astoneric substrate
partYMl ghmfﬁ-ﬂﬁ tHeRHr8t lh?éfe e firQ rch@rﬁ@éﬂ%'aﬁ be i AuRl c%ﬁﬁﬂﬂﬁé’a‘ﬂ%n with the first

strate can have a first |layer, a second | ayer, and
ﬂovacltahmld Tlha)%ecrondwh@mbertdae bs e Ond doay@trnwaéloa ivaotbe gecond flow
the first and,t

Cha%ﬂei QBT g R C@ﬁ%%?ol&m?%?rﬁevﬁthé‘% ﬁFdfg{%tt COB%P?&&PW
simif¥tdnBbubly MO dhlates Flul Ik wathid e febiast Qe®nd flosuétahnds.e,

and a second chanber formed at |east partially within

oofle et BSC, AhpAAEeE BTURIRE LA, PUDR LS Mo
devica hhvieg ag ekasndndeﬂy guibsohitet viieh aluliitl ol ersc Feribgintpdd, ehe clastomeric

Oten, the device is configured s at a change in
Sub%ﬁliaé“s%a@rhé"wg‘ $thasehe erpnst la¥gnitdst t%eﬁgw?& whegg theapeanddayer is
dlspfokédsﬁet‘&ééﬁ' e Fir@Wn PARSI 1B, hTﬁ’&'["@élflée%n falsoSheth @Y. @ﬁrs@@lgamber

into t first chanber,” and al so nodul ates a second
fornfiddiat deast mantigd hswitig thehﬁrsu lyert dfeh¢ hlamdmbag/ subssrmd atmﬂt asecond

cha S R RRaT S PR e b RS a1 PR AT SR ohiBu Rt i Girate. Further,

the 8QHFEURLE BB aFREMBARRO I dhanhd] Frin AR RS af di® f HRCAMGomeric
chanmber’. For exanple, the interface channel may be

subst@tem:,(aftfpm thq«d:pvtqmlqe gorifegyeqd, so|thatmng§algeagessumemthm the first control

chatdd] fit ]T%Fe %Iﬂow.ﬁ%ggula%l[ r%uég%nﬁ'{u %rﬁ(f‘ ?aafer ang thtg %?st chamber,

seco nmay a I Nc

and laltb eﬁcf@@@esvaadewncﬂﬂ@mﬁﬁdp@kmg @hr’bhl% thettigrd Roer Hlddnaehe second
The interface valve may nodul ate fl

ow t hr ]gg‘gh the )
chamfigrelF apiEc SiAeH isckoniseAnal¥ios o inferiascehaerapfiat provides fluid
Cc
confAIRR0S poA AR STRAIE N e LU BB B Sl o
inteefS@edianne mxgdicnforrhed mfthet thérddawse it sanmyveistd, die 1preofvwejﬁlaanel is in

.mcrofluidic device. deV|ce C nclude first
ﬂul@” FYRMERISATER With FI}?ES&C?W ¥ chagpel. a@@rdwemm 0sinplyds pip interface
Valv%l&?ﬁ)bﬁéﬁ ﬁ@n nk Ilﬁtéltfa&%mfei iTRe fltdtelde CARE YGRS @Re Wolthrough

the first ow channel, and a first isolation val ve
the nmt@ﬁos ehiarmbblwgwt:Mhé rﬁrss tand bavand hizamisdrs. Ihhsendfei angtodiments, the

tEts a{l)lon val ve ?1%? Iudeaflrst portion of a
inteHaH YAYS CORUumiET @ ﬁlﬂe%f% W8&ond | ayer of the

el astoneric substrate adjacent to the first layer. The
[00G8] r sl ang @bRect. @mboénnmt&;@ﬁh%ereé@ﬁ M‘@Oﬁ@dpﬁoﬁld@@ﬁﬂwmﬂuldlc device.

The ajﬁw n%tcgr{ %‘%ﬁl'&e &egstc%oﬁ tchafnnl(a)l OICHQGa({] 1I 1rs{] : oeergoo rail hstsornerlc substrate,

a firsth@andkr indiuie domﬁluﬁlchhd)n’ @ith &b/eeﬂirsﬂﬂoxkl hﬁarﬁieﬂ%h@ A¥irétdsolation valve
substrate adJ acent to the second | ayer, a second

dispeprehdene the first floy eheingin |Télﬁtﬁr%5ﬁsq1\ﬁtt0ﬁ ‘e caB dsherierg it portion of a
conﬁ:{i:le Ml f n%ﬂ%d@n a§ &)ﬂg I;JP%? 'e%pas% Y& s Fs?ﬁ?esﬁﬁlac% £3Ghe first

seco I'ow c anne e second isolation va
layezaith¢ fiedt isdtatian selvoren pocdifural totchatraldidw tirowdhatha ﬁkst flow

chargR TR Brroh SBITRES oh AKaviFe e O GOHF Fgehogd T0g: chann formed in
a th@Myepbs the QWS%erHH Qﬁ'bstttléf% 2o ftﬂ@é@’c&ﬂﬁlﬁ?@rl 2 LbRd chamber in

t hesecond chanbe he device can al so 1 ntlude a
flui¢ eromuoigatedraniik Ithef S@ccvmidﬂovn chdnack hid d s¢capd sobition 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
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the el astoneric substrate, in fluid communication with
the first chanber and the second chanber, and an

W0 pioent@ee val ve di sposed al ong the reaction cPh@mnngt009/040104
between the first and second chanber. The interface

secaﬁal c‘ﬁ@mﬁ@tﬂ mccieufé@ c@n PI9% Iﬂcﬁﬂie%free?dﬁoh Rh&{ R ERmEd %Dﬂh% lthird layer of
formed in a fourth |ayer of the elastoneric substrate

the ddgstamem suhstrtlthelntﬂuld gorhmyeicatiemith &rﬁ: fivet dhombicyandettic second

chargﬁ%t L Watfg ga f”? Egi)gﬁeeg aCt ??pea 1 crhaﬂtéeilh?atweeg?he first and

secdiﬁfdh@ﬁbé{m"ﬂleﬁﬁtﬁﬁﬁ@dﬁﬁlvd @nﬁ@ﬂﬁdeﬁzﬂ?&ﬁbfmﬂ tisintdrbRe SBG@BUformed in
i sol ati on val ve i ncludes a defl ectabl e nenbrane. In

a fourshriayenefoliF peposicrie Nebsirteerdfagert to shobird ryien@ad can be configured to
cont?glffllo% {lﬁgﬁ tHE ﬁ‘&?cha}ﬁ& flﬁ Edcﬁle & ﬁ&‘ﬁi enfs@fhe qggt'fi%qat?on valve
st C er vo e second anber tan define a
inclﬁmmﬂehalﬁﬂb eticnvihnerdn sbime saed@es thetdeodd isslhtion valve includes
er volune is less than the se anbe vol

co .
o 4o Gy | e OO0 BRE 1S 05T e 41 @P@&%ﬁ* deffcetable
hiafe t I
L
definoh sevend cB40Qr viohunandinseme agmecthe fiesstiobanbenosuned istl¢ss than the

enti pn enconpa ods of m xing Qr
secqRgZAHG TRACBF1 S T e BHISURADE (RUUTIE & Efagfer than the second
cha@¥&RIL@hY, H 96t ab&CIMRIfANEhhAGEUREME |sQuldo @hd debSitd chamber
material through a first flow channel formed in a

volime.st | ayer of an el astoneric substrate, and flow ng
the first material through a first isolation valve.
[000Bhe ThiahGthet &Pkét traBodimkits of e d[b@sedt BpasRAE cabefgask ethods of
first flow channel, can include a first portion of a
MixpgAr reActing AsIaly grrawrathidic dedsndAn ﬁg&%mplalry miggng technique

incl (ARTHAATRL b i HRBET R 0B SART Ik Enpilfet FrhRl i B 13206 an
clastdneosi calnbstraed, anahﬂOng‘nhe $itrst ofagri throddiea ﬁfscisnlaque velan. The first
alsomcluiﬁgflown flrg_]ﬁﬁ@erlal mth first
isolgtjopyabye3R e disppssd; %ngr ¢ Gpst iognghepnel r—‘iﬁntlﬁ pde ¢ st portion of a
cont%l)@hgﬂneﬂ’ F&¥afedSn 9@900%8%})‘&9 6f fhk %Ms%e%c%ﬁﬁs@ﬁ@e e[[ﬁéc%ﬁi @lthe first

hrough a second fl ow channel fornmed in a th layer
1ayeo,fantilwn bt agifveed to coutrslt ftat dlrauglmhe first flowt cmans@ cmna first

ng, the. s h a

chaiy 50 The kg S Bl RN Gal Bl G HTG 4
chakfd] tit& BRI\ hhABEr. LIMBthSL CRNEiIfih OWF0eERRAE IncleR Mowifd W ¥&ond

a second portion of the control channel forned in a
matgreaé éhmuglagz sgcopd flpwechaneed fomediie a shipblayena, th@ﬂast@@nrl%@bstrate
adj agﬁ g[n 08 uersgg%ntdq? Ce(é)r n%ngigfl(l)ormlng %Yéet %rgoonl%g:ltlﬁtt 1h1a61 tlsn%%g rs%c(:oggllsolatlon
valveaIThalssnt iglatid@ vialveWah G e ldiv@oseecting that&oha Elof)vr dhanidhecan

second fl ow channel into the second chanber, actuati ng )
incluggen yesARg Bertien ahHisicoBolchans! ifermiesing apeconddaes aftheckstomeric

e

sub%tfa'fez tané;f‘}g?lel?ei go‘ﬁﬁgmlea% E‘&ﬂtlfcﬁ1 rﬂét@) %‘1 a glgbdsteﬁlr)%ﬂg chifel into the
secdndtohaibere Melnvigingnirocddoe @aatodndhdatiewingsbe mmd)nniexial from

the first : .
the seconcg how channel into the second chamber, actuating the control channel so as to

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
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material with the second material. The interface val ve
can include a portion of an interface channel forned
wo poog/1268e6 t h | ayer of the el astoneric substrat BCT/US2009/040104
adjacent to the third layer, andcan be configured to
can %@ @@niﬁguréd @Woﬁﬁ‘@)l\’m bEtW%eﬁ 'tHesﬁrsthTﬁﬁ%@f arﬁ‘intﬁe tQend eamsk:.
In some enbodi nents, a first isolation valve
somﬁwmbademnas fa|fn@nsqil@tfdne\@ﬂ@bhelud@ﬁbﬁlahéeﬂeatab@dowdbrane a second
o R Ry ok BHEReBsRG Rt Fh B A8k Shpagruating e

con@blashaghel inttldéd @stuaioudt ififg ahdeecbhd atfl@nblS@EMPEhnes. In some
defl ectabl e nenbranes. In sonme enbodi ments, m xing

embodrhity (SN Aee Ry e ineludarsivgingrin iniceRecdenes é'm pevide fluid
cont AL S8 LU GTRRLEPLAOR LSRRG, M e e con
incliudcd peteomopad int@facothamel fotaecd acefouhananet ofm‘eMtdmibrﬁ substrate

fourth layer of the e]astoneric substr adj acent to
adjacgpd te ert§1r§ Lysh and fap bespbiguesgiie P@W%é‘a %@?@dﬁaqﬂoawhannel
forrﬁ&irlﬁbﬂ%‘th?rdﬁ%%‘ft hpgbmg%g hn fRE gvmetc'&? rfcﬁiéi%q doA¥&bble

I'n sone cases, an interface va ve can I nc
mentlerbhe ahd Begprowash o bavtyatiag dha me:rﬁat:@ clemsclofan anxdludst dchgiting éhe

i nt.erface channel can i.ncl actuating th .
e oG GG M Bi eGP o S o SR ol st
maté&tiad On RGP amebdit rmsttﬂa@ssuﬂeraaa hBRSY thekedoRd hierfdl irSthe second
chanmber at first pressure and hol ding the second
chamhcrewt Rabcand mmurgemmrdo ¢lommtspthe Airstanatered tdo ﬁree@smdechamber In
sorn% ﬁa?‘ﬁg (e) ﬁfrslr‘% %\%\%ﬁ%e 1S a%rgater ‘%ﬁ Hfé slg:%?n% &rgsgg%r t h%%rna £ sg§ the first
pressti@dtah B@ aB&R Q0 BsidrIhelsRond PreSQR® caiasesout Mpsif | r st
pressure can be about 10 psi and the second pressure

[Oﬂﬂﬂb @eye?ah,fo fgl ]?e%'t en{rbggél%]tnt% 5n]f \})é%{)rlegénhqltl%FU%? R&filde a microfluidic
devitt daahg wiptlirelitgtef ifice fltba)\/cthagnas froncdlin & Yirwiayket Oﬁztn dlasmomeric
channel s [orned i.n a first er of. an elgsto

subsifaffs pR ¢ BlUralHy of fipit Ghambars, % fan§(f therlwigliyo Eé@ila@hgrs can be
in f8fd dMEmPitY Rl vhivh Qr:or{résg%dlﬁél BFRELS GafndPef J[h@ pfhllrh!h@/ of first flow

conmuni cation wth rresponding first flow channel
chamfels héénpd:mﬂaidm @ev@:fe dan b ifidlode cplarabigy ef coAitrol channels formed in a

m cr of | evi ce n aI d | ural,i
seoqtgipio el i onhafif we-abBoE rdyBiet ohd pipdurfly of firs
isol @l RSIaPRB! EactSoRSSMMRE FlufditP6LMtst 1s81atibe valkvESdan! RY®Ipos@ong a
a plurality of first isolation valves. Each one of the
corrpm@némgtfgrstd’fow thragnel; @éh%mln@dﬂtwgﬁ fesilew shaymelsi egnoselgde a first
portbq caotrr%g%%rn g?c%?l{r*)llgcohfa{nrl glg %e pvfll’uralgfel nor}ecﬁmirol thannefls anii can be

conﬁgurbdi aNcodtrobflewth@sPiothdi o gregRting| firgtiswn ehan@tl ihfoer corresponding
Iurallgﬁhof control channels, and can, be cagnfi gured

firsttchapber ¢fghe pluglity af Bisgehantherse cﬁ%@b drwicrglugqic devieq gy have a
plurﬁr@wes‘écdna @clﬁﬁﬁ&? g g titd 3 er%@l@&ﬁs‘c@rﬁ?fﬁ T glstéate adjacent

aralirty of first c a ers. Further, a mcro
to thﬂmtcoml leyar, dralveeplaraphyusfadetdnd dlmbesotdch bovwicthaphedlity of second
r ned % a . third | ayer. of el astqnmeric substrate

f he
chalgg?réegh ¢ ’cnoﬂlflﬁ 60@8618%9&“9%%4“ 4 CRHGSRRNEINGSaF Iy BY channel of the
plurﬁwgeé’&ﬂﬁm%f @nangélg hAQﬁi%rcﬁful&lB QcRbLER dl§d’haQ7fe aSRGAREY of second

nmbers can be in comruni cation wth a
1solaimnr\el$\@@n Eadgomeqfdh@p}mtaiw chseaoe isolfatiomegalves 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
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plurality of second flow channels. A mcrofluidic
device can also have a plurality of second isol ation

wo 200983682€ach one of the plurality of second iBOI/EHS10091040104
val ves can be di sposed al ong a correspondi ng second

can bb @M‘hﬂ‘gﬂ@é'mt%l coftfrolt fiGv ﬁiréh!i%ﬂl thé )éoﬁ’éstp§§&iﬁ@ decbh@ \ﬂom&ﬂﬁél $nto a

can i nclude a second on of he correspon |ng
corresponding se¢vadrebhmbér afl h@e plucalisy of secafd domberst Seibladnrtbérsa

b h_the,.
icfIRREE ARTar ) 1B R RGBS R P PRty Dnipangr orne
clasEReRRGubHAMD EEachfont BE tHel phﬁrahtytc)fr@efctlﬁﬁeﬂﬁﬁheﬁfbaﬂbe[Iﬁﬂuld

Still further, a mcrofluidic device can have a

comppypietipp yvitha oseepneineciahehamber of the glurelity 9 figshichambers and a
corljeﬁ% seédﬂ? cﬁhrﬁﬁ% pc!ﬁﬁé %f&f s%%&ldb&%ﬁﬁ')e%n% 1cr5ﬁ&1d1c device
pltur a 0 |

reacti on C ann S can
maycaimﬁmniudah iphura vy tolfi iraerdase vaeo.nBadhgorei of stie glhautibest iaferface valves

plurality of first chanper angg correspo

he din
can %@éaﬁaseén%awém%éma Igpeiioncha D6 RUER 9 a8 omehannels
I I |
betWReh Rl &dﬁe‘gt)/é;r}(ﬁi@’ ﬁl%? cf hﬁ@?e?ﬁgg%ﬁaglgg is%’c{/o%g fcha(rngér, can include

interface Ves one o
a poirtigreoff acerospdndas: mtemfabe cliins plagad lalabtygpfantedaceadpomads fmgmed ina

reacti channel .of 't pl.ural it actio annel
foufE Bt oS SR 0B aC i AR 16 e sl BSOS 450 e B @RiRured to
conGOI IKS BRHHNG. 66 ?%&H@P@@ﬁom @afnéincl ude a portion of

a correspondlng interface channel of a plurallty of

f
1007 g, BTty Bl B b8 B o by osy

mlcf‘oﬁfﬂucb@ d@\ﬁ&f h gt el fitse flo@thamel Fdrenddtim b Gidg hayteR 6f an elastomeric
corres ondln%treactlon channel . hOOll In a stil
@

Sub%%‘fb FStﬁB@ chagah &RiMeerik g segond &/°pPEaRALstPMBHEYbsate, and a
seco &f)lfnla P?&ri ga[_ygfé{f £l DAYh A% ﬂtrzgtgt Tflit Wond layer

anne orne In a ayer o1 an e oner i
can bel b&]hcaﬂ & amal Batwsdn thofitst tdyecahthe Ithlfcbllaymd Tihio nQCB)é‘lﬁmhd device can

n el astoneric substrate, and a secon
be C@ﬂé&tﬁe 59 kB hange i1 PR Vi) tﬁ%ﬁf%ﬁow%kg s %ualu?taneously

mo %Qést ﬂaa%wmﬁmﬁ%?ﬁ&t L@a@rco floPehadi-pacent to and
etween the flrst ayer an e third layer. The

10003 sad e iER RS S %Eéﬂ? s R pRs ST on,

refefdnad! kﬁo%ﬂkﬁ@élﬁid/tofi@éjéﬂsﬁin%&iefdﬂ'éd dedcki g’ﬂbﬂ\fca‘kbﬁ th édﬁﬁmfcha@ tvith the
and second flow channel's. [0012] For a ful

accqupphey Bxgahanvings.of t he nature and advant ages of t he
present invention, reference should be had to the
ensui ng detail ed description taken in conjunction with
t he acconpanyBRgEEID&i&GR;JBTI(BRI(EPTHESDRAWIH\@SO: THE
DRAW NGS [0013] FIG 1 depicts a perspective view of a

it 1. of a mcrofluidic deVICe a cor.di
100 L4, JafCire eBicst RYsRPoRH WS HRY Of AVBHEFBAT & ps%ﬁ?ﬂ?ldn ¢gvigegecording to
enﬁ%ﬁﬁﬁﬁu@@ﬂﬁéBkggﬁ%“gﬁﬁ&pectIVe vi ew of individua
| ayers of a unit cell of a n1crofIU|d|c deV|ce

[Oﬂﬁﬁcoﬁlﬁ 4 shows glt%%gllﬂngen& pseré)pfecttl\beew WOt Sidivid a\lﬁayers 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.
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[0015] FIGS. IBto | E show mcrofluidic nolds
according to enbodi nents of the present
WO pwenzdsen. [ 0016] FIG 2 illustrates a perspeckCES2008040104
of unit cell of a mcrofluidic device according to
[OOFHTOqfi@@ﬂfl%nﬁfestaqﬁrs%é@cﬁ%mlew BY@IE“ tQlof d &Wﬂul&ﬂc@ev§e according
lustrates a perspective view of a mcrofluid
tOem@v@n@mﬂﬂﬂh@@mﬁmﬁngﬂmMH|pIe unit cells accordlng to
enbodi nents of the present invention. [0018] FIG 4
[0017]] USIG. 3tiBsstAtdRAPRRPEEiVe/idt 8P @ficraflfided @fvidei rditéix having multiple
device matrix having nmultiple unit cells according to
unitggipeficrehngtogimhodimeiteekife pr%v@ntlmﬁon[ 0019] FIGS. 5A
to 5C show cross-section views of a mcrofluidic
[00183Vi KI&. drillbstiaedsla mcgpectwengew of enhadiloklint devide rhdteix having multiple
. pr ﬁsent nventi on, Oozg&aFIGS.,6A and 6B show a
unityelly pcpiring (© @rkpdimenis ebihgiPHECRIdNRESR nent s of t he
present invention. [0021] FIG 7 illustrates a
[0018] criBaSub dito Sdsshbwecrassesoctthinmgews oarbmoad fheidicsdevfcetung cell

ny.ent 0022 FIG. 8 illustrates a
acofIERET PR E (b BERH! VTS enbodi mont s of t he
resent invention. [0023] FIG 9 illustrates a
[00&1 ot faSc boand i, shaint thmeralileldisateyicorcepdiag éorpmbediments of the

rofIU|d|c devi ce according to enbodi nents of the
pmmepggg% “Mventi on. [0024] FIG 10 illustrates a reader

of an exenplary m.crofluidic_device accordin
[007e1r}b g@ﬁx& ritlestigtes arpictudin deyin eiterdn tof oersmentept t%z present
invankibistrates a reader inage of an exenplary
m crof | uidic device according to enbodi nents of the
S ventlon FI.G 12 jllustrates a reader
00 %gél?iblg iHpstles dnig %fp%cﬁ%f%\%wp ingplp rrbodimegy P @eﬁ)&esent
]nVéW$QdInEntS of the present invention. [0027] FIG 13
lustrates an exenplary m crofl uidic device, show ng

lﬂﬂé{iaé‘l%‘ii@e PR oigE ey PO b b e g etapg microflidi

devﬁé a8@ding; "tb/@fﬁbd)diﬂlent[s @0AR] prédefs indkédntidnl Ust rat es aspects
a mcrofluidic systemand method according to

B LRI D Y R—

emboldaherthef tho Rt diivdngomot |limted to the part| cul ar
nmet hodol ogy, protocols, and reagents, etc., described

[002'5? F ety 12SISHERE 2 TB¥eY Ahaped? ah %E@l’ﬁllﬁ.hllyl L A ARk htl:cording to

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

invention.

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

embodiments of the present invention.
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recognize. It is also to be understood that the

term nol ogy used herein is used for the purpose of
waele®entdseqig parti cul ar enbodi nents only, and i BCHUS2009/040104

intended to limt the scope of the invention. It is

al so to be mﬁmmmmsewm@m@wmmmmmm

appended clains, the singular forns "a, and

“the" include the plural reference unless the cont ext
[0029] e &t lwmlp@t@@éhatélnm@rthm is TfUgmitgdoio ﬂes(wpcléar methodology,
proto&{l? %H ?g gteﬁ)ts GQC C&ésgrlb%aﬁée?eel{éf sﬁﬁegsvm {)zgss %1831?“}3@ %alsan will

recdgﬁlzbhet 1§ ﬁlso tcE B@ﬁﬁerdtbﬂcﬂiiﬁt tdefdrﬂlﬁd)ldgyh%l’eﬂ\/thﬁm i8luked for the purpose
technical .and scientific terns used herein have

t he
of dgseRib gt Gis caPOdBRIASHIRIY (Avd di g@tdéf@n@ﬁd tonanipfhc scope of the
1nve%1gh Nty al§&<rhd be 1 e& @ﬁt Alfsed ﬁeﬁé‘ﬁe 4 ih b a{ ggr?({étd @enrﬁs the singular

pertal ns odlnen ts o invent iton and
formwsal ral ’b‘t:m T aadt’ ithee’sncamdb thdpantlagieamsc delesd ths coltexteddarlgrdéctates

o heﬁ\é/ ei i egl ﬁrrrgerxglfp]:gg% :a%%ﬁetglg%{egfaggﬁnce ; ?qfit?fgi% tq ppe or more cells and

equgf@§ﬁfs't9&go%@%rto 'tﬁdsb’ skifdd §khi: Artt h e acconpanyi ng
drawi ngs and detai | in the follomnng description. It

00 fgs it UGt b BE R S i Bave e

samk @RfaHgs adorMMEnI§HRAEsHBA by BRY oPerdeipy SMRGn metalat 9tWIREh the
enbodi nents as the skilled artisan woul d recogni ze,

inveatien peiftaingt Thoqmbadiments of e seventipreid thoegreuyieatoies ‘apd
adv%lléeobpgé%]ﬂs tﬂ%gpﬁg §pu1§ﬁllgd RIRE ﬁﬁﬁrl \ngrb}e?&g&eqﬁ i Wli&ﬁing
as to obscure the

nnecessarl

embadireditam@it &aniplds hﬂeu larev/datiitasd. andhoe ﬂm(s&anatielstheeeebrh@mmg
are |nt§nded mer el o facilitate an under st andi pg

dravypggs and defy Hn fh%fOﬁﬁwewtqeéﬁlm beshgrldbeinogd taﬁdh% E?atures
111usft%[etdl'lﬁ fthe dd]r sbRARE Qéessc‘a!ﬂlgl liralwfh th galé‘rg; Qﬂtﬁre?Sﬁétfeeembodlment
t he Ingly, the

s of the 1 nvention. Accor
mayebeaﬂm[bleﬁedawﬂih etiboainbetimsntses dicrskdleduakitsan otoubderecognize, even if not

canstru mtin of the invention,
expliiite Hetel hginn  DEhEpiary o 5y R cRabRrgn S o REo<Risine techniques
mayRRhERALE ad BMot Ngﬁé%@é/sﬁﬁly ddscir® tﬁboétﬁ%(ﬁlﬂ@ﬁts bf #€ invention. The

reference numerals referénce simlar parts throughout
examhles geaddreatin vicewendéd mheslytodagihtyse arf m@tens}anﬂlmgmfdmg liy which the

invdRfRY S e TR Sl b Bt e hhase ST Ol P8 arF BhcRle the

emb@d@frhdislo R &vichGdH . | Acdoedinglly athk eYample$ ad ¢mBddiinbts herein should
definitions are consistent with how a skilled arti san

not P eangtrueties lgniing thweone pethgdnvepten.ivduehais deiiperbepdely by the

appgrrlgi;éh ggl %g&j E?Jle v&?‘ Plof 0@815 ‘ft 1k Rgtgd th%]lt Mg? fé?%e?%g%uglerals

er a s stmi or equi va
refect@8 € sinbiad phvey thirdughaunt tb@sebvs&lﬂi Vien/stolﬁﬂleptrawtﬂgs.e or
testing of the invention. Al references referred to

[0031? r eA&ogﬁl%l;ynﬁr‘B(fﬂgﬂ %{%@dl’%w S&@{v%‘& eDQﬁﬁlﬁbf? ée'atl&lf' &I Here certain

entirety tions 1S peptl e nuclei’c
ternaatekitdd30 88] inkdddionsird dnfked spnmﬂicaillgz farcdlatity, 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

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.
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[0034] DA is dynamc array [0035] PCR is polynerase
chain reaction [0036] BSA is bovine serum al bum n
WO 0®3/1268BRET i s fl uorescence resonance energy PCHNST089/040104
[0038] GT is genotyping [0039] PEG is polyethyl ene
gl ycol [0040] PLP is padl pgknicpbe [0041] The term
"adj acent"” as used herein, generally refers to the
Sidd eni N f the. prijmer with respect to the probe on
m0£ﬁs %% i tﬁ?é?€b§¥?5ﬂg of the target nucleic acid
anal yte. The prinmer and probe may be separated in a
[00334n éﬂshw§ﬁ£n%ﬂ@©aﬁéout 20 nucl eoti des, nore
specifically, in a range of about 1 to about 10
[003W)c| eAtis dpsmioarray di rectly abut one another. [0042]
The term "anal yte" as used herein, generally refers to
[00§S]Pul§¢1|@'is°pcﬁ%ﬂél 200k EEH Sty M xture of nucleic acid

nol ecul es, ined Infra, that is to be detected or
antified using the nethods of the invention. The
moﬂﬁrﬂééﬁf%ﬁéﬁﬁeﬁ%%Péﬁ%mﬂﬁid anal yte" and "nucl eic acid
anal yte" are used interchangeably with the term
[00374n i RBER s flunreschrcegarqpereesengrgyttiinster nvent i on. [ 0043]
The ternms "conpl enentary” or "conplenentarity" as used

[00383r eGM is g@ytiphgd ude the natural binding of
pol ynucl eoti des under perm ssive salt and tenperature

0 A P TREN o oty Sequence " TG A -

nm, ntarity hetween two single-stranded nol ecul es
[Owﬁﬁylggygﬁﬁakﬁgpﬁ’ein whi ch only sone of the nucleic
acids bind, or it may be conplete when total '
[00410 npT enterm dadjagenBidssised hatmegmetdlly refengiodhs pesatihen of the primer

..ol . The d f | tari tween .
wit RS o e peotS o SRS R SRR R A e FLIER Reigamalyte. The
prin®d fah€ bﬁib@yn%% sSharerRatima edngb P abslit23b kBt R6tERBtides, more

nucleic acid strands. This is of particular inportance

speqificadlypin 4 japae plorbork bt dhons 10 weglediidge ws mery ety Rhidiong another.
bet ween nucl eic acids strands and in the design and

[00423e THc t3Bh Eandll e ad 1304 Abrel) gelc@il o€y &l emidldic acid molecule or
attached” as used herein, generally refers to an

mixBire GEMRETE 29 MeculRs) e r/ibithatys odedlstrcisdror quantified using the

{ y@RIoRE Yrhk RGANGR EQVALRIL 4@ and “nucleic acid analyte”

e ST B A BT oM nd i antve

arc neefl entsrchangeaylyovigathi ceror “analytedeor the potpeses o thik&ivention.
absorbs el ectromagnetic radi ation at a wavel ength

[00431] eaf iRl e @ ofpl @RMRAry 360 ddmp 1{ QAL ty TREUdc8 B} ein, may include the
"fluorescent dye" as used herein, genherally refers’to
natugghbintiieg ohealymreldosided wler perassétd soltraad icampesrusfcohditiges by base-
pair}l\ﬂ%\./ Eloreen %Il%le?¥heaseahelill%g eic-:é-nlt » PIg sh’[%l e égnlilﬁgr?lellltatryas%hl?etnlcg Br_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
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.
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by a source of electromagnetic radiation, such as a

| anp, a photodi ode, or a |laser. [0047] The term"GT
waa00phizssbaf f er, " as used herein general |y ref ePGI/US2089/040104

buffer that is capable of blocking binding sites on
[004§1e ﬁ&éftfeﬁﬁ ed@f & hGed 1R2GH! ge&eﬁahzr%@@}s&o apgl oAt Hl%r?éihié\

. The buffer protects the reaction components

molfscrlrbfmhde@setbs@iﬁcdgmaglgettcn@dlemrpatlaowebggﬁlrgrc@srsthm or equal 340

reaction. It may al so reduce the usage of additiona

‘Tag- Gol d Pol ynerase by | ess than about 80% for reagent

costs. A 20x GTI buffer may include a conbination of

[0046d ¢ alheeteynrifluargscesy dyeE;SAuseédﬁémm gsariphy refors t‘e aw da@s)hat cmits

elec&é&%@ﬁj S‘rﬂ}%gp C(Igf 18{1$e§ %E%{lgt}(l fbgl'a) dﬂuoﬁﬁagﬂtgﬁ Ao l&t){ll )1rrad1at10n

by a(donrcEBBxlecitmpgnetiSeadimidnt buch dradkhprdphdtddiode, or a laser.
Super bl ock(r) T20 (in TBS) (Thernmo Scientific,

[00mEkf1%ft€m‘ g)l"’sa éYeoﬁfff.élr P af E%dzt{_%ﬁ%ggenéo ratfy Mo RO billFPthat is

5000, an n 20 er m "honogenous
capdﬁsa@lﬂlodsnglbmdmlgesnes o thgesnﬁaca:l dfythe @lae:l(m ¢hangelsratdhdantbers in a
a nucleic acid

DA SR e D el ot s trs M it ething s o loading

Qs bMBa@RRANt mINElsH AMBEMRUSa gﬁcﬁ%&t%ﬁm GaldP &hde by 1
pro|nscloged tuggépo? m crofluidic arr%&s Jﬁ@re nooqaﬁn = oY

tharf ahouh®(3% derdiceganh casts. ri age fIsbudter mpﬁ@lu@m@ gq:ryblnatlon of betaine

o SR e A S eSS Tt STy ik E ReBEG: 1oR

Supeiblddk® (i:2BBR} (quenha Smaﬁﬁ&y Rd&kfo@@,l ILY,i Siperbidami mlgTBBa(Thermo
the result of the assa cont |1 nuously record

Scieagifie HRockdardypr W@%@‘é‘%@ 20 ﬁnﬁ@S)[@b@m}o Seientifisr Prpckford IL),
gl |
glycaescr@%’ﬁﬁ'oéo PRAISTYER 30 RS MEESD B8 RREET Y, e

reference inits e rety rolysis pro
Wﬂ‘ﬂﬁke laeo‘@ t BRyROgFOYFRssey %&é@i@%@na%%%qwe% é‘ﬁPetF?l‘? to detect
or q {IMIf% Q%ﬁg‘a&tﬁm %a%tlﬁ@%eﬁﬁﬁéﬁ%ﬁpc%ﬁ%é’sﬁ? fbg@%é C%nt olrbB&r&HR result of

reaction (Tagha probe t echnol ogy,
the Bisas Vidtdosio gtfmmls @ssa@ oy GAyarrich euhlyldxlmslesi sibss pr wheoflgidic arrays

| abel.ed w .a uore cent detector e such as
whep el Wi el ERE CupP TR itRealte nfpssary to rocord the
resulteHRE @le astdyas blakod eHERBECIYS adsty LA RBbIdMIG bRBB eshult @f the
the 5° end of the probe and the quencher is attached

assaydn £¢¢b tigie, mgening thahthepesybieof thgapsahes herp@n‘pnwély rgcorded as the
fluorescence of the detector dye is

assaa/lprc?]%r%558§%1 HP? uorescence resonance energy transfer

%ﬂ RET). The probe may anneal downstream of one of th
(004 rrBiestertn abydrekysis @E0bshe edseigd Berepe geparalty daeribsd in U.S. Patent

No S50 O A A L, OIS
advanagend, thaﬁ’pﬁdcﬂéasahat@ﬂy@ftesbhﬁntﬂm thetmastedbl €T aq p(dymerase enzyrne
PR EE N (AT s E A
Thetﬂi‘fﬁrﬂs‘?@ﬁrogé‘ Is I%W&fi’éwﬁh LoubR_- AR B%&t&edy%t JeRds Afofefi&n, and an

target nucleic acid. As the upstreamprimer is
accepraratyd @d qutﬂwbeerq gpnﬂrylrrﬁleahwrerseaﬁ ldgs ist doealently attachibdroghe 5° end
of tﬁehpe}o ¢ an t%e dencBer is attached to the 3’ end of the probe, and when the probe is
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.

10
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i s anneal ed, recogni zes the probe-tenplate hybrid as a
substrat e, and hydr ol yzes phosphodi ester bonds of the
w@e@ba268Ihe hydrol ysis reaction irrevocably rePEHES209/040104
the quenching effect of the quencher dye on the
Usu'i e hbBim e aacﬁﬂﬂfsofr the ‘lrh(ﬁ bR nid) aﬁ@ﬁﬁ@eﬁ%h'@ﬁ tlﬁe&n%‘%{ Rcleic acid
uorescence with each succéssive PCR cycl e.
anal;y@rls doedted by Dh@pm@llrtbhw upstysagbefghoprobpend mv@mnd onimenthat is

corFERAAST R ehPTihuNRaRaCBlocBotthial B s Tus heiyria. A ne

upstia@viepambit @ BxfEmi&f ORI pol{i&agnabiird tIQYreg-lUﬁ\vﬂi&&i @@ $abeled probe
[ 0050] The term "l abel™ as used herein refers to any

is angrealed oecommizes theedrahs- tqmni@tﬁ hilrid aesubstrife oandde dgplyzes

pho%ﬁltoﬂfegt%pt)&bdg %‘ij I%rpr He&lﬂg&gmi teg n 1&600(%1% a; fe?e%e% the

quelﬁlm’(@f&ct bidbe |q8€r[®¥r dbfe(bﬁ ttle rpiogroad e, dﬁlts e@m&bigen lycreasing detector
uor escenc

e, radioactjivit colorinetri
fluoggseenics ¥ hgicl pucspErediG ﬁyéi?ra %ﬁﬂf iyﬂmses probes of the
an&ﬁBh M’i g%a 9 01t (lib?eétl'ng% m[:p&%eg—&%tlfsecﬁzm ar@ y(ﬁhl%blq 119&1'6 q’mrnan and
as use reln generally refers to cDNA,
otheg itrag$ cerpgimerad dnagrhaso a ﬂnllg} ‘Bt obatoed7 @ﬂﬁiderabgcddiydm Aahalo gs.
nodi fication thereof, such as PNA and LNA. LNAs are
[00308 S CTHBH FHRLAE s uféﬂtlﬁf‘ém NISrs t6 arPékohIF mée&lOwhAlh can be used to
6, 262, 490, and 6, 770, 748 herei n incorporated by
provies e retacteble ﬁnd/heqman@ﬁtablp etgpal. Nogpesdicelaadhe @bnlac;antb@ agched to a
nucl d%’ac%d[ o nprg{&\:l 1 belégﬁayggrggl Igfsl{g'%lgl:s de%g B’%ybplafp orescence radioactivity,
colortittié, 00ady diffadceion opSbsarptivabbiddtismhyeaaen abowigi Bed the like.
electrostatic interaction, and functionality to the
{ Ndi i « - A
o036 ML AELELEGR ATEER, Bt DRAHEIRL BTN
singhastemdsdiohd@ab|25trqndsd hmcbzmysahgancaﬂmﬁ)ufﬁoaabm tescof, such as PNA and
- itio rimdine nmodific ti - Dosj ti in
DN Ao bRt RoREPec P BAETIQNS. R0O8g0be1 G- BhobgpegD.an
6, 77"1‘)”74@%r61§ HReEokatd Qﬂ;‘?ef&fen& iR rtl?éfpetﬂfr@t?' ucRACKBRNRay be of any
fications, nethylations, unusual "base pairing
sizec MIemcaam«b n@dﬁ'mhomnammdusio bd@leen o§ doytical igneupaitht incorporate
JSO n|d| like.
BRI, B Eruineh bRaTrE e Sy ReRt et oot
funcHéahlitgSo ﬁleﬁﬁdiﬂvfhuﬁhﬁ&@elé"@&d 8LRH oL AL Gadleis WBIdNBSI Wwhol@r Such
from a bi ol ogi cal orlg such as through isol ation
modifieatioas restinclwde mpdifiedBaseh auchcsR poetipe suge mOéifecaa@m&al S-position
pyrlnmd% L &i In%:odgf'({:ca dgn%gspots{‘glao% @:ulnlxg ogifl fgca'ge/ RSy n}oellﬁcgﬁ% S at cytﬁﬁme
exodydpk Iaﬁﬁidsombstﬂﬁf?o@ﬂﬂﬂ lf)ﬂoﬁﬁ»t-lluﬁcﬂl ba &S enddifeoasiend, Bickigations,
or from a, conbination of those processes.[0052] The
unugt RSegEing OMEREIAIOPY Bistras de iselagesisrtifine gnd isqgusnadige and the
a r t,
like! %’g ngl{llgll{% agizl dgh]ff)l Eiglﬁ{éesdcgﬁtﬁ dp%gﬁalﬁ gggrtﬂ%cgziﬁi%‘?ﬁ Ej%jcess such as
a sopid phaescdogbkatodthanandlalymthesis @q tﬁt@ﬂl’:&bmmgndaﬂé pegihasuchta® through
isol@t@%rﬁonrgg (gsi EI%&%BEQ Itlgtte catirg%pwi é‘l{lg@&ycﬁg pgbgr,cr)ﬁpﬂ)cesses that
inveIEO@E RhdnYpul RIRI0F nhi@elcl RRARTY molecular biology tools, such as DNA

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

ProcCssces.
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ol i gonucl eoti des having a |l ength of about 100 base
pairs. The sequences at the 3 and 5 ends of the PLP
w@e@awispd enentary to adj acent sequences in thBCT/HR2902/040104
nucl eic acid analyte. In the central, nonconpl enentary
[0052?9' mb @fm ERG1HE Beill BSIR” 128 uded HeBln REAMRINGE acill ml?att cA®¥rs at least
be used to identify the specific PLP. The ta uence
one nayaltmlmttanlk@ioﬂmywh|averﬂs19tesmtdEfr Ismaés:u&ﬁr np does not

nd/ i t
coni i fon SRR RS ¢ %%quesagﬁ%eg 1 gl BER geastionon
the tar get, t he 5' . arl ends of the PLP are
[005[%1 ouBm tefA{ PRGSO B RLPy annygdhaieibecsupdetpien e jincar
ohghﬁlgcgecog{ags %-Jallt? £ feﬂ%’@h' ) ﬁlgcol;ég&)taseét 1§‘an§c ﬁ'él% ggAall%h degra(e 91% 3 and 5' ends
of theheLR ag coaplamsitay teadj eablnagdqnefd:ePhP&e ey ctidc g cid aradzlyte In the

d tified and/ det ect ed TAQVAN
Centﬁqn@%%%piepiﬁfﬁtaé; Hrgree! ﬂ%ﬁﬁc Fecst e L ARy be used to
e t

1de11‘31%tﬂtelc‘s Qcﬁg?ﬁ%gr é[ﬁélte ”[egggée Eéeﬁlgg Wlia?ﬁ)e fﬁt%k@({ ﬁ)fﬁl'ﬁg@rs?i%mer sites or
unlqlhesandﬁopspe@rfs: oimdlshss, ivé&eh @logy PCRan@@“Iceﬂnoted:f tht tag sequence.

2Q0 Padl ock. and X|mt be |tu and
UpdapapiaipatutothaReRabe s guids RoR Shiae ph ot Bioyh B close

;@Hﬁ@%ﬁétrﬂ e%ﬂgseﬁué‘rﬁty 1938dd. GaReButEndprodRt 04 mMu'la?%%be

et al., 06, Anal yzing genes using closing and
molp@m pa@giar[ngo éhq ‘@t@@ ntl;crl@ln deidBinglytee hihsl tag p_agicg(g 08 circularized PLPs
rnanye am qrh %tan antilfg e% a’nfi}:ér gltet,%ctg B Ob Q Onh{ 1meq)CR for

Cl ence
exaﬁ-’lﬁfé 2[@18 @r&ené@lﬁd&hﬁ)\ﬁﬁt sRimgsIR0E e@y&re&oherawdmmaﬂleqar&ynce and
reference herein in their entirety, [0054] The term
quantpprf targel seausachdrtbs pampjenEerdasqriptems o§ PLBs seneghbgndegren et
r i f]
al. E(Sei{gsl g?}iﬁé g %ﬂnﬂgﬂggﬁ@g&%m {(PL ﬁlﬁ%gﬁtahfa%/ ﬁg&g%@m& folofs for the
posﬁmbﬁmt afaﬁé'ommtztzt/eh@fcéFWc@loBﬁ\(éefr@WzM p23-B@silyon tih., 20006,

o %C?p@gt ecgliro“s%&ag}&réqpuc élg%t%@apél qlcfeﬁgT 7 %@C ng&)% 8; Nilsson et
al. f@4opydlgﬁ&rot3€§ 'cﬁ@tﬁ%lﬂﬁé’gf‘&ﬁﬁheéﬁa’és'fgﬂ 841128 DNWetection,
staft PCR " intersequence-specific SR) PCR, inverse
ScieRGR63: 2%8 ofinedicat ecfcROR;s an@nhytpatat@hbssméererﬁqedlemm their
t"fr’%‘lfti pl ex ligation dependent probe anplification,
MUYt i pl ex PCR, nested PCR  overl ap- ext ensi on PCR,
quantitative PCR quantitative real-time PCR, RT-PCR
[‘"ﬁ‘ﬂerﬂﬁl teps yReRE rﬁSGlS¢d1h@fﬂlna%@§r9(1f}7APf§)“S tp@rncthodi Endowhfying,
detectclzr?ﬁ §F ﬁu%}le?&t@% d;pe’? dﬁlc feé,non o ‘and yfeh S(Bne skeﬂjed i tltlehaert %prpremates

prac ice ese varla

thatttllftﬁe b@sgeeeraGan“raaeﬂmmme bhHOBER tdtmiqRasech aspzﬂ%ﬂd §pe6ﬂTcyPCR,
nplification reaction" as used herein, neral ly
asseﬂéﬁﬁé PSRt poboesasseyching asseaply(Phdt w@w&?&ﬁélemserdep@dem
g I | ion-
A RO S RS B SR P AR i
rnedlzpedaPCm mﬁwlmispéolﬁaPCRm mugtgden bgrtioh @epdndentyuroipoaaglification,

t i nven her ei
rnultlplex IE’%R neste({ b8ﬂ overlap extensmn PCR, quantitative PCR, quantitative real-time
PCR, RT-PCR, thermal asymmetric interlaces (TAIL) PCR, touchdown PCR, and PAN-AC.
Additionally, one skilled in the art would understand how to practice these variations on the

basic PCR technique.
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[0056] The term "purification,"” as used herein,
generally refers to any process by which proteins,
wWEiogpseé des, or nucl eic acids are separat ed PEDES2009/040104
ot her el enents or conpounds on the basis of charge,
[0035)! ecndd ﬁfas@“ ﬁ@lﬂmﬁfa@érﬁﬁlhﬁ&tléﬁ ?éa@h&y > as[lggélﬁrelﬁh geﬂe@eﬂly refers to
quencher” as used "herein, generally refers to
progehses fqudgpﬂémgtthﬁesa@mlssm@rto@ﬁmﬁngjtheé@a@gcmmfasmoﬂhe term “pre-

ampgii'%g rS%l’?l}())ISB gl_gbr% §1ts?e {Raeécsé ﬁ%&l{]ﬁﬁ\gﬂ% gseh%{re%rmhary amplification

reao‘h@ﬁ’gﬁir'tﬁdﬂlﬁﬁ‘pd‘)dﬁopﬂl@bﬁvdnﬁoﬁﬁér@ﬁll ated with (e.g., bound
to or cantenated with) the nucleic acid analyte and

[00’:%3 g'b’gﬁélade!'r%( jusk 'tl}{n){ b Q? 8%6@31 aélp her%[l\ékqurg %% gﬁﬁ%‘éésfs 'b% which

protgms,qroaweptld@t elrlmdle@c acidauplsepapdted fmﬁu&hﬁ‘reléﬂletﬂtﬂoﬁ crompoands on
gunan %f anlnal |nclud| g,.but _not limted to plasns,
the basps phehaseraplepplas vze. oy Apding Aty -t he ext er nal
sections of the skin, respiratory, intestinal and
[00558 ni Tloueim dquenthad asusetiélar@n, gead¢ralmrefbds cmdycthhl sduces the
ans, .tissue, and sanple of in vitro cel
en“%UFiﬂﬁ@“%%ﬁgyﬁcﬁéﬂ?ﬁ' 4 particular, the sanple may be
single cells, paraffin embedded tissue sanples, and
10038 edl hae toimo| p@m@ﬂng e esed élprena gsmmlllserefﬁqy tq ¢rt¢radeing whether a
target-srpgisl 0y pr rlbeot% aiss%% Rk ‘r &, eg Sougg Fog%r}’\él%%l ateg Wlth$ 9ne anu.clelc acid
anal§fe, aﬁ&@;&toﬁhﬁﬂy thn)ﬁfylﬁ@ ket 6bunt aStab®edpdtefi€probe BNBE sdrhyle.

I ncl udes nucleic or am no acid sequences that are
noye -
[00592 a%(a?ang@&”g%h%ﬁkg&ri @elgétﬁ{ gélgég%l kér?%‘%g}ﬁq?plé 8f’ﬂls%£§9r flid from a
hunmpem ahinedidcjudiig, betrsdt lal@dtto pE%mby @eym aspthaifiaid, lymph fluid, the
ci fical | east about 9096free from ot her

exte etent 9*%??%“\/\7{?@9@19(63}“%93‘ lpad geuurnpdragts frarsapiive.
blodd"‘c(‘elllkl Q%ofse&%m?é %@ﬁfe 4l s%ﬁl@%@l iMiEosn cﬁﬁﬁt‘é bR QUALES In

and chem cal Iy Synthesi zed anal ogs or anal ogs
partiyubir d§¢ sahply nsayritcherile e&iISnyarsﬁ“mtemEddf{ct)mué sa@plen anhaeedle

. tr dous diversit ner ch str

biopsfeSc TRUEEr i bR s Ton BEHEdt bl bt gk water and

fooddhP&s enti al additives, there are a huge number of
possi bl e el astoner systens that could be used to nake

[00&‘& asfhen}ﬁ{r%s% ?ﬁbos alﬁklally r%riéc' ” Eﬁﬁ@bﬂs‘ﬁi‘ﬂﬁ%ﬂy 4t alrlsv §Rd h rein

arla ions I'n errals use

gendrally iltliRR§BuElEis ©8 aﬂnmoobrcnd/@qumces et neecmbard fpah thaitmaiiral
materi al properties, i . solvent resistance

envigpnmeniciselated 95 sqparatech Bmi picyat logpt %beﬁtp@%tf@fseﬂpgﬁlﬁsal j 4tyeast about
75 /g{;}ISéé f% g%sﬂ?ﬂ%&ﬁcm%{t 1%59 25u? 508! AL P8R Lhifer B&h%w% With which

escription-o e nost comon cl asses
theyaihayg bo ag Dsaﬂed wathe shinebhdbereeombinbht drivéonied tneciblcalfcid isolates and

cherily Bl gre s Be vhalign Bl elbep ey Sk

el astomeric polyners include polyisoprene, '
[0060d] yBiveadhicgrmanendobs/dinénsity pf gdgmepdieymsubumydcemers synthetic

metg%%yr(e%cﬁ/ornecno%dgl%tng d 8?)8‘[6% i a%ﬁ%?v’es tﬂere Q Illjlfg%tnrl]l%l%%? 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
driven by the need for particular material properties, i.e. solvent resistance, stiffness, gas

permeability, or temperature stability. There are many, many types of elastomeric polymers.
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silicones or polysiloxanes. [0062] Polyisoprene,
pol ybut adi ene, and pol ychl oroprene are all pol ynerized

wo c@aizlisethe nononers, and therefore have one dpCU£2009/040104
bond per nononmer when pol ynerized. This doubl e bond

A bﬁéﬂ RUEFRE oF %e)’rﬂ@&%ohl%&eclé‘s@éw&f dARb@s %'p’i‘@steﬁféﬁ herddWith the
vul cani zation (generally, fur is used form

intenty Qf§bbwmgsth¢i@tvm mthtrhletwﬁm bﬂt@ld@rﬁﬁ'd@lmerh,efmnyr@)smbftmes for

w_honogeneous
vonife iF i) <R aE R o Bafts b SRS v pugiens
pol}fcﬁlob@r@lwq ES@lSOEH@IdﬁE 5ol ktyedteansidi el spytei®) Uthe pbglurethanes and
possi b a simlar nechanism [0063] Pure
mhc}@@%ﬂ@@b@tlw@% has no doubl e bonds, but is
crosslinked to use as an el ast oner by including a
[00&2Fal Pol gisopiaie, @o@bouﬂlené,%ld(pblychmmmﬁe: dr@ all pelymerized from diene

pol ynmeri zation. The i re nononers gi ye pendant
morlggsh. ane Sieslomrha e%@@lﬁal% RAF 1EOSE RBEMBOLY T 1Eed. This

douf)r@f)oh!i1 EoREthY BSB%HE& &HASnd 0 e[ag%@fe]rs by vulcanization (generally,
Pol y(styrene-but'adi ene-styrene s produced by I|V|né
sulfamnis anédctogoiny messlads botwepn Hmdquble Holnds by heating). nBltisimaluld casily
ain-term na t he reacti o "live"
slofi st it LA s B et PGty BRnizor the layers to
be HIRU&S phétoresRatitapdul ARMAEAA B hOSsitAe PP RERKIBS nflchanism.

encapsul ati on systen1(mhere there will be plenty of
[Oﬂeﬁie Cﬁt? ggly?sggg&fene ;hﬁsc:%oﬂg uébtlegB“ ddﬁ' ﬁ ?sr er i;sal ?d[ 6k 20aP81astomer

by ih€lGBige A8aial amduht (. éyoat. 1 BObE 1sbpﬂeh@ﬁf tap bylyﬁ{érﬂzaloﬁ The isoprene
bondi ng). The chem stry also facilitates nakln

MONOFYEEY ZiE PRNdaRt qicalbwmﬂlis &p éhq podyisolyridergaskbong, y@@htmay then be
er layer ("B") with a butadiene deficit
Vuk?ﬁgeﬁﬁiteﬁggeneous nultllayer soft |ithography). SBS
er noset Iastoner nmeani ng that above o
Wﬂ@ir ﬁ?ﬂl}ﬁp {Yé?ﬁ?é?“é% FE-yreR Brodherticles alﬁP@g@P@y%e&gaﬂon (that
is, tﬁ’é?@%srﬁfjn&&aﬁélﬁﬁf feﬁ}nnaﬁﬁ% k‘t@b ﬂgthE tﬂ@achgﬁ'j)% AL 80 ge[ér'nﬁ:lr d8ds can exist

the el astonmer again | ayers can be bon
in theogetdyerlyibyr. Fgas ma@es if @ﬁﬁﬁial Paldydatefdramdstoassest pnagsdetibn

syst%lrgo(mggrie tb%%c feélt)éé‘e/_\ ea}cgegigtgog})gll}q% 81? gl glﬂuld I%yer poure%son top of

the @Uredl ROEY) aﬁ%ﬁﬁ)l@@ Guﬂiii%' wbela Bﬂb&ﬂl@ﬁb@@ﬁeouﬁ BRI ML 861t (Pﬁhography
f er ent T%pes of yuret hanes is hu The A vs.

(A tn a’t bersling). {lhe Cb@nwm pkso faralifetes makpgiaact %@mm@@un bntﬂdlene ("A")
and 8%5{)%1%%% NS, tﬁreuétiler & (?‘9 lethl Ell Blﬁg& 1%) Eéﬁclltzﬁbr h)?ieéosgmneous

usi ng exce I'n one a er a

mulBtay& dofft ltth@gr@pﬁyar SBSM§E ""thE 0661 el&Bitbinei0 nmemhg(ﬂﬁf godwa\aecertain
great structural variet and provide a great nunbe
tempgraiyemiEets and heogies P&lﬁ%/ i6(cP OPRONCALP SHSic) Mrducing the temperature

YIGI% fﬂ% c atsfe)n{ega%alﬁb ThEOFRet %hrll)g bgfl(}é:(’i-r?{%%ﬁ lfy%hﬁltgl | ows

eterog neous u tl ayer so

ot reS| enca |atl has alrea ISC
0o} Figefhe nww Bk f‘f)@)@\% SHRFY RS r-%ﬁ e ugor di-
amiN&QB-18); Shéd GORErPL 1Y FRYarhest @lifdbyanates and d1 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:

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

14



10

15

20

25

30

[0067] In addition to the use of the sinple "pure"
pol yners di scussed above, crosslinking agents may be
wa@oed26880me agents (li ke the nononers beari ngP@EEON02/040104
doubl e bonds for vul cani zation) are suitable for
allo@k 'bQﬂY' HErBQFRRNRAA Sy e AsdrOlithd g raPh éﬂ@p&f‘oﬁoéﬁgttencapsulatlon) has
l'ithography or photoresist encapsul ation; in such
alreagypbasa cliscussed Jatrthinigenty ors Qfmcmrplcnr@ﬁsmkmg mstheds hsed in silicone
lelash% | ayers. Conpl enentary agents (i.e. one
POYIAS aring a pendant doubl e bond, and anot her
bearing a pendant Si-H group) are SU|tabIe for
[0067d+ elﬁl éries (e themse of B sHaple " payepolyares disquptsgrahpysy crasplinking
RK
ageﬁt Y e d?%f;/ &o&ﬁ%ﬁ%@?k%ﬂ% rﬁ&}% e‘?‘s @Ja%ng%g&gan{ §ouble bonds for
wldaﬁnaﬁmglmsmbﬂelfsﬁ alfwirg Asmogmkcows (mﬁtoeék) abBilskr sdft hﬁ}bgraphy or
be utilized in Conngctlon MAth t he present inventi.on

Pho[9EF3t SBAFPBHBIONS A1 $H5ALRAPBIFECh (H6ISHER BT BRRIPOTated into both
elas%lle)f 'la%%péjtdérﬁﬂ@meﬂtgby {o3h r(p@ %n@ WAGHRP Sea?ﬁm%ra%ﬁhant tB8ble bond,

uret hanes, and [ cone yImers;
and pod)tjﬁéttb@(lﬁg apamﬁlnkﬂuﬁ ghmgphazemb)le fd?lhléter@ppeius fEA, to B)

c ran il oxane Si| .
enul it G Rt 11 T8 B aeHERo et g afeyadded to adjacen
1a<§ply(l but ene), poly(chlorotrifl uoroethyl enevinylidene
fluoride) copolymers (Kel-F), poly(ethyl vinyl ether),

[ﬂﬂ(ﬁ? Lgﬁﬁ/eldfn l I d%fr}? afanIliI ogcélgsel gt;jolf% OIITY l ! dea?@u%lso \rz]vflch may be utilized

in c@fh@aﬁmtth ChCHRBRAS inkvb @it pf)lyES@FBéﬁb l’pdl}ﬂﬁﬂt@lﬁdtﬁepdl{]"&‘@mprene
pol ysul f one, pol ycarbgnat e, th y nethacrylate
po13(1mbméoleneamlywr%eelwttacaﬁ%wr@é@)h celyurathanesrnd sjlgoggpolymers;

or p@‘é}é@r . oteotaLFg?t)@Q&?ﬁ%ﬁé)"ﬁ’NFpﬁ%ﬁ(W)b@]ﬁ@%r Hbfahe- sﬁ{}@an@% (Dexsil),

es € gener a S exis
polﬂhcrﬁloh'ﬂﬁteeb‘mdm&) bétrile erbbthepaly@Hasene), rlﬁ)Mbhlbmnrlﬂuoroethylene-

vingiiiees Narreled oty poail etk b GerTEg et gl phicne fuoride),
polﬂ@ﬂnyﬂ&rne%hﬂé hE)@ﬁﬁﬂoMbrW&{eg Qoﬂﬂrﬁémionmids%etrfé compositions

permt uncoiling of the bBackbone thains in response to
of palyﬁfmydxéﬂowdet(BVt(]),epdimﬂkPonm gobiraibosate gudyhethglnahasdanePMMA),

th 1 Qr s e | e absence of the force. In
and§8ﬁggﬁﬁﬁ %Eﬁﬁﬁ%&ghﬂg}orn1mhen force is applied, but
then return to their original shape when the force is

[006% noAxBepck Fhal, Epasmiperary Pelymics Chee sy , %thd clepgribes clastomers in
gen%g{ a8 pogyfrﬁerﬁ a)\(lsg C hat %ﬁgn%{urzgfgwl%gn ﬁle tr%nsnp 10 { H}peﬁ?ture and

V|n ulus o meen a

hquEﬁcﬁiéh ebputatire TEﬁlstom’erlb@ﬁMa%s abobit elﬂtﬁloc}ﬂop@tlééﬂﬁwhusb@ﬁb
a, or between about 20 Pa to about 1 or
POl}ﬁ%&haIB@rqﬂél Y gndgeeyforsipnalpptiog to BWWO&Mf ﬂifobﬁCbbone chains

in rées r‘?sg%“é fIiE g?u"ﬁ% ﬁg $38idhe cﬂalﬁ’scf%951ﬂﬁ§ @&gﬁ%%g ltjlbel']plrlor shape in the

I nents present 1 nventio
absamat ef thalfsrchain gtgleml \éj)aﬂtlgn&s dofduh wehea foise deapplicd foais éhen return to

range oul d aI be utilize di n eeds .
theiggri nﬂéﬁﬁp%wh%ﬂ abyes b“&FWBMG‘P dﬁpesf‘g iy dubit #&%yeaﬁﬁ?@eﬂc
mat&@ls BAY Bc BhAQHBEz Y TIRAVL Uy ﬂﬁo&hﬁéﬂM&QQa%lng a Young's modulus

(nmegapascal s) or less. In other enbodi nents he
of between about 1 Pa to about 1 TPa, or between about 10 Pa to about 100 GPa, or between
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

15



10

15

20

25

30

Young's nodul us of the material is about 75 MPA or

| ess, about 50 MPa or |ess, about 25 MPa or |ess,
w@bwat1268® MPa or | ess, about 8 MPa or | ess, abPCE/US2007640104

or |l ess, or about 2 MPa or |ess. [0070] Enbodi nents of
depédi®nDlipHant néday 8hh b@t@ic@lﬁpy}%ﬂﬁa@oﬂn 1658k b ghs CmB@MAIS 8an have a

t hat” i ncl udes features such as channels, valves, and
Youngzrhedwys affrbpuai(d MPA| (exsepaseals)iall¢sy. doethai ¢nelhdiments, the

enbedd f or ned, by, or, withi.n _qne ar ayers Qr
vouFguafefips it RREFEN ARl GEA YIRS, iy B P TS, out 25
MP#&bEIeSY, hbdudil0 MY biClesd) a@lsoud SMEP@EINTess, hisout SIMPASE Les)br about 2 MPa

reagent line, formed in a first layer of an el astomer.
orleshe reagent flow channel includes a contai nment val ve

and a chanber conduit. The mcrofluidic device may
[007]] s cEihBvdmanis @f theqiresehaimnettionqirocido b aicuwdlinidid devece that includes

formed in a second | ayer, of the el astoner adjacent .to
featyie syq ssehpigely vl FHGFhaTESES: AL P (Fogh Rl oatag
emte@il 2 bf‘fo@m%?ﬂ‘glo? wflﬂhﬁl"\%tf‘er}ﬁ‘ L 1ayRFs o AERILo A dnastdn®ir®Bock. An
inathird layer of the el astorer adj acent to the
exerpplgnohidrafhedic dEmece daspragéitdlovcttanndl ommygdnhbhe dernzed in a first

cont ai hnent val ve and_.a chanber conduit. The contro
IayeE AL EPIEN L GG A DBV SL ELIES f SHGMRD LK i chamber
cond@BIEIH mick@Miglo@BRIRE nfaQ il I HANE RoMad] \cRaBRRM o BEntaRMRhEline,
fl ow channel contai nment val ve. The mcrofluidic
forngkshin assceend lpyrelof the eéa&t@ag@djacgmaqﬂ@(ﬁmwawru iFgrther, the microfluidic
devied Y Q:i & agll onan\{Vi % % %vh fahed Fi‘rn%rnl ierlen’e ?1% (zins a{ﬁ%ldqa er of the
charkBe il %fuﬁa MU Tt of th ot 7M€ np?e i e
clastonger hepganto tlRashnid lapd. The saapip flewcdhaning imayaclige 4 Bontainment
fluid conmuni cation with each other by way of a . . )
valviegiag (i cHAMPETRANEWAN Rl caitror el elaian be Aot veegsqaiptiongvith both
. I r ' ; .
e LR 40 0 DB EIBEL G g 105 08P oment v
Themaigrodlusdic devdtaicm iacludai exapacehahbearne fluideomdunivatéon with the
fourth | ayer of the elastoner adj.acent to the third
reageg‘s,lét}e:, aq{?% sarrwlflgic arpler dp ﬁﬁlﬁiéo% lf)aéloinﬁmg’p@F .éfttrpglg line. The reagent
chaf@B&Omkahd %@M Eibntdee nla§aetih ORid doPh GHAMME! Wit DERA %R by way of a
val ve. [0071] Enbodi nents of the present invention
reacéibs dloenchenypd ©s rawetidrobiise, ddrmredin iy thindl layst oigtht khlestomer. The

m cr.of | ui di evices.di scl os herein... For. exanple,.
reacpE B g TofiudF i BRERFLTINE By mEeoRUHici Ry SF pvGRHsiyde an
intcAAE Manf® F&mcRIah atfb@h l\é?éﬁ/(_fﬁhe 81 Q6BYa RN Oo tROI®d layer. The
interface valves, and flowi ng nmaterial past the

inteifaes chehe combg Bsongrdivie pssoctien pithibe waetemibew shannel interface
gptionally under pressure. Techni ques may al so include
valve . . : :
changing the pressure in a containnent [ine to close
t he isolation valves, so as_ to seal off the individual )
[0 ankrbedimaniy of Hierpssg! Nentinedso rreompasgmgthds of geeking and using
the hﬁ&&ﬂuﬁf& @9ickOaRABAR R & &%ﬁﬁea{?p&aﬁ&l bt 4 crofluidic device
materral 1n a  tirst chanper can 0 past an open
can imioéref apeeing @hw er and isolhtioavaeey nldsinhanber movhiatcefathealves, and
first nn{eri | .m xes or : .
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
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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reacts with a second material contained therein.[0072]
Turning now to the drawi ngs, FIG 1 depicts a
wQEeespases ve view of a unit cell 100 of a m credT/UBNL040104
devi ce, according to enbodi nents of the present
[0072‘}V9mrh91% noWbtth€ @ﬂa'wni!é%oFI@ Cl 498&s & Eﬂsg&ttivg Rarnst a ddPeell 100 of
first isolation valve 132, a |rstp chanber 140, a
a msequn@ic drdnanigiccarddg ta emb@dmntntssﬁ Itlat prosenty aivertion AJnigeell 100

chanb trol, ¢ n 150, . an
inc S CRRRT g e Bis SRS fitaf 7 EEA Ty FampfD1 40, gecgnd ehanncl
110f £aebhdBRokianRehe 179.a sby@idcé@ahiber t1gs@ohRAIUARER] AF® adtinterface
| east partially contained, enbedded, or forned by or

chasyel oG aaAnterfaest e 162, Brbereaqsm chagned Haon Tﬁéllcélly,ﬁlilqsg features are
at 16%1&%?@4113%%9‘[21%%%@5&@%@ & ﬁéﬁe?' daryorq’t EHREe 9160 o{m'éhp bibck 180. As

showh aaneeﬁrsila&nlnsl B0 i} eclsist padttibllalispostid syidsed findtidyien 181 of
secongﬂl ayer 182 oI el ast gneri ¢ bl oc

wh
clastomesicPlocy 0. i(ongg) ehasns! 18 13 #dedst P@%laﬁﬁégléPoseg&}@Haa second
1aye<; h's\@ Bﬁ%laé't&(ﬁeh@bl%l? h §?S®he?@{hte's@éd i3 ROsesle mﬁe tb %@Eﬁt layer.

hird [ayer astomeric bl ock 180, ere
Secd)rhi mnn@uéo 1§ & lerd} pareally dispdshe wsthunm‘dlnﬂddymr 183 of elaftameric block

180 BRRE g By asPed e PR sbed tr G TRERE b Tofis at teast
part{/a\gl?rd‘iﬂibokéiﬁ/\%fthlh% fBEHRGSBL 184%%%@@&&&%1&@6@0 whOR 484 fourth layer

) reference to the "A" arrows, a first material,
is adjesht wethathivdsleysyr. r eagent, can flow through first
channel 130, past first isolation valve 132, and into

[0013’] r swltﬁhairm%e ioABe " 81" girbak | yfirsvinbferibe f@heneaa amytrb@ent can flow
ows, a second material, such as an

throgalwﬁrSé chagmal Fi0oas e igrativaceivg léﬁaﬁWénwlfir@ts cfﬁa@ﬁr 140.
Slmﬁgﬁ i ié% ngrgdqu %alB\]’_%n%%\% a E%}loﬁél‘ gﬁte\ﬂafl %gﬁl'as i sda{]]staﬁlple, can

seco’n o allow flow i nto’the reacti
ﬂovﬁih&ﬁdg@sﬂcolﬁ&haﬂ:&ﬂ) 110,ipastt sceord! is@etividvaleol BY, tlooughatizé$1, and into

scccgilghambani20; SPonRoY b B RO B hean 101 12Dy 1t and second

1sol£tf0%0\1a'1\%§ 16hanbef.s 140 vaRdars 868N aﬁ%?gﬁ {80 &Qénh%r rgﬂxzeQit or inhibit
hrough reacti on channel 170, interface valve 6p

ﬂow betecel Dsettaviadnvehastbat €40 amdc@comimhctmmdiamb@n@,o thlrorugh reaction

ch . 130 is.i pen fluid c filrst
chafg R 07 it Bt 35S ORI LS Rygh padifR! firs
charde¥il 30 BANBPEL ﬂ@'ﬁlc@ﬁnfmnﬁéau@ﬁ GathdirkeasdtioathaBeen, dklsecond

whereas flui d communi cati on between the first and

chaty@& d)h(bllseh élmﬁecmnn@mpﬁmrwmmqmbreacm thambgr 13 adicregp fluid
cornrnu[mca 10n$|et%vees lﬁ?oey fir r%/d sgcon c%ne leagrrggggllter{reun %edf qr 11|'11hlmted Reaction

ere

chaigb&aliRK nidyanry. hie s\éﬁietﬂffﬁ)odfméﬂti $lic V@@t bosecohdrdaetionlédmber 120
For exanple, the vol une of second reaction chamber 120

is digtgrenper greptet e dhegrabamepf firshreagtien combse (4} Forespmple, the
Vohfnﬁea&tt §695h(f:113m%rch;ﬂéger l%tc%ﬁ'b Itech AL %r@atletoﬁ%‘?ﬁw '\% d}ﬁme of first
a ure

elr respective c nber's un er pres
reactieh ehamabs 1d6n Mrecr abackadel loddeddianher sspdctiee chianbers under pressure.

concentrations n_ sonme cases, a reagent solutio
Relytgilyanaierpls o @chQﬁﬁ inigy Chg b ot B?i%aéﬁ%P?%FFP%ﬁlonéng“ jame cascs, a
readeRERIGInUS RAJYDERD 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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reacted wth a sanple solution contained in another
chanber. [0074] After the first and second naterials
whawe/1bsed | oaded into first and second react i BEI/US2009/040104
chanbers 140, 120 respectively, the control channel
eaclﬂ-épﬁ@%dt%%c@}ﬁf 1%M@tt1@rijvasl%sal932t o1 fr@tﬁ%‘h%@i@ 280e Ofiteftb adosed valve
second isolation valves 132, 112 from an open
statcv aﬂn\tblsswe[ttbe mateaiatsl coB dd conliined, tham@lly ppdar I@r@swaywﬂlhie the

reactlo{l ﬁﬁaﬁlaﬂi) n%cgete g%rﬁfy‘(i%‘sﬁ%déi rtgg t | Or}é gnt{ol%ga{nnﬁg zsrs%gglale control
chad®dl 5@ cah Béﬂtﬁ)l ¢lont ¢fal firshantghl infod ﬁﬁt(i‘bﬁ@ﬂl(ﬁl cmapiben |and can also

channel 150, can control flow of a first material into
confaolfﬂcrvg t)f # sagend pyetesighinbes scoand reastiomshasbepnOpotion el yngle

confySOBRT B LSl DL, £ PSSR 96 BAIRSL oo i o

chalinBﬁi \aﬁ ectaatfdnr dfttha/ﬁistjﬂelaof)n Kmlt/e 1 32 land cars alselisotate Mvbdcbhd volume of
th first cha Vi a |on of the first isalation
matgrig \% sqlgpon ‘émgbnééﬁ SegPB Clil cEVE actuatiep RE thesrend 1 flation valve
1 12”@%&%&1& O%Eraﬁ&h Hﬂl QR W toﬁﬁr éhlaﬁne‘f &P 9 Qm%%ﬂgétﬁ)n in a first
actuation of the secgn(f ation va 112.
dlreaahaatté'dktwolatpmr\aaﬂ‘i’eo}ii20&ncha sncngdl éeﬂmtlbn ui a gdvand direatian at second
ause.a firs in a first direction first
iso L OB Yok 2y efg%fﬁfzﬁreamp i SoBovii sePnidrruipt Fogexarple, the
defls@foAnd tiH fi8Ckb@RoRtalS€EMEE i3 @il 48 dudbtid, dddthe \WBBE®ion in the
first direction is opposite to second di rection. For
secmaafqiat@n \tah‘ee wafiede thealownwarddirédtiont Acseiidineil sontaphod more than
one 1sr?li]at1é)é1 8761 ﬁ’& clag 813 gfp [ %d %n}u?/téltlecoggl Szno%ﬁra?ﬁn %ﬂhlﬁ%\?&\é,ﬂg gontrol channel.
Matdhidle edn Bconf@e@ wWathfiothy reae 6 Eidmds Witce aﬁﬁﬁﬂta@l&&tmount of
i sol ation val ve can be effected sinultaneousl %/
pressysr 3 PAIRC embeHBICISHEE BressHe ibthe dspration ghgra frral|49 iggifferent or
grea?%i tﬁ%{ﬁ% Bge%%lﬁ% ﬁlmh? SE&%S. Sl’rgé’,acglt)h gﬁarﬁlpeq ’1’96 ngoy%%{,%’l@ repfrﬁtematerlal
suckpﬁﬁeﬁ&ug@lt icin behéisﬁ(bsbé in fisacdattion cHaatbbei44Q first pressure that is
different or grgater hanthengress e in the secon

withi 3 £3125 4rogp AbA3E P Pebig 2 SdpanBelatedly, pispeond materral gpch as a
sarng}hégdan s d?sgﬁ?éﬂgﬁ RicohdRedRBod bﬁéih?&&%b Bt f kdcShd Rl%@&ltré @8t is within a

mber 140 at a first pressure that is wthin a range
rang‘erfmm abaut0 181 psibotiol Giprouin dEnqisstaniRe) matedilcan desentamdd in the

frsipgae e gl 20720 S EElmnarh SBRFEn gl i B cond

reactfoh RhdnBerN204eatdu® 0pab WHker 1Ringt o tRb@ o fhfdRHevick Mvolves
sonme i nstances, material can be cont ained in the first

mtr@@@mgi rogteidH antodirstichannel 13®evsccand gheinneldrg, wﬁzoéh,uuaﬂercmﬁssure- A
s eI‘lZCio tae na%(ijs o theeus OggVerl%at%tll 1 ghﬁanq}a ber 0 at
p 5%ou?g61ﬁ ¥ adln of “t'he "hP cr'o urdi c

devi ce i nvoI ves i ntroduc g material into first

[00EH antaepmesasesy crabrdiments Resrficted 10 sysymipidmethpdreior conducting
one B RS Syl UGl RATRENANL 3R DSt forstrs v
timc aA escrofiniddsyvemi maglieldcraagtiedityt of ssyatensacaiod chahbws $ormed in

for con Ctlng n nor e reactlons t one or nore .
@ YRR LSRR oo P RTRCAH IE B 8RR T LTS ovice
proditfdBto o nhCdt Wadstibrf cﬁ" tRY 1%5@cf8nr@1¥m'b@1%| ke tl?erﬁlapﬁé}{sfetrﬂe(;’ite can be
separate react I on chanbers forned
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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a multi-layer elastomeric block. The system may al so
include a thermal transfer device proxinmal to or near
wa@eoobazaseeo one of the reaction chanbers. The t hBCTEE2009/040104
transfer device can be forned to contact a thernm
commRHidaPbn %Qﬂ'lrtﬁ@ theﬁﬁﬁ%ﬁﬁ@l Jo@lfce%@ fthat 'aﬁ&nﬁé%ﬁtu?e §asé F&@@tion in at
reaction can be introduced into a mcrofluidic array
leastiend efghorcantgarr ¢b’<1mb$ht§ chpngeyl oaj@mnt&lledras pratsultof @mhatgs in
tempo] ttuaCt ﬁ%We lc operpca X rpnt La dev] <5 Cpct hate re
PHE T hEr COht PBF 0T Ge RSPy sl s R e itves
discubdel it TUES. PARKH IR feafidd Nb. 30071968 12, tiedonéent 8fRIcAti¢Hn€orporated
of the reaction in at | east one of the reaction
hereim yrirderenee. dnane gmbpdiswsts o nie@flakligdevaen grichigs cag be coupled
. 1C
witf38Pelblve REBALAAN B ) LG el L H RS o SR HS) T SUEE eating
mecblaiBsmPateatiscubiehlin Tas.iParenido. 2007802, 969dchterit b&whhtieiticorporated
of which is incorporated herein by reference. In sone
herean By ERfAHSA%S, a microfl uidic device or chip can be
coupl ed Mﬁth or in operative association with an
[00761t e@l@tlédshd&&tangppbddéperspddﬁ)fe viswodf ihdistdunlglayers of a unit cell 100
are dis e n.U S tent No. 7,30
of a T RGreC B AE 10 G HE o RSBl o B TGB! fviyion. Eack layer
typitRfyShenass anl Qildthertd fembAns RO M Pr 8iRE RYBGes, channels, chambers,

perspective view of individual |ayers of a unit cell
or thieOlgkeo fA sedapictedolfidresi fbtd aykeide of uait edt w%@cmdesemﬁrs@ Flreanels 30 in
ﬂul(l? &0 rflmanf%at? Sne\gttlé g?‘o Elamg?mlgl ¢ E’lrgfe\ err lth P%%so onrldﬁ%?s a second

chahB&EIPYE Secatidpne! 182 ifdhadd @rc%ntr@lrchhﬁh%l l15e firksvidapi Gindd second
here, first layer 181 of unit cell 100 includes a

via 13 cbhigchlayrilS S 1ngudes areeqnd COanrali @ apd BFeadiemonnneligp. As
furt@%?i%ﬁ%se%%%ew L Tﬁ"elg rf?)ﬁ/% rc%lﬁg@!;%‘g?é GrUARS 58 158 ﬁé’d&ﬂd channel

econ es a contro
110caha nsaetion Bthnnel IF70ra$é invildd ]:dﬂlmuarbdtlan s/ethsacbndicharhBdr. 120,

Thi | ayer 18 | udes second nnel 0 and
OPUP%%AEJ%YO Bb%ﬂhill  CXATIDIG, PERRRS @ g éraé Stiedfrom second

chaﬁlfe'i i do ﬂéautfonccﬁhﬁnel 98 EANnPEVE %ﬁd@%g s?oﬁenfo@ @écoﬁ@ ¢8R 182 that

channel 110 and reacti on channel ein ui d
1s disposet beloat seoondrhaimbse t24h dCrehtaorbef this ZWid pmamh lajsobgvolve

remp il Riolr b ohgBd i st onea AT frre R TG dp i b B chamber

120¢ Banngly, 10 ce@noo eafpcbevcs%)nﬁgﬁ@wsa thaR rddefién a{anﬁél 157969 luid
| ayer 2 that is disposed bel ow second chanmber 120.

com@nuagation wath fims§ ghambgy %asé@tgﬁély@anwafl ofo/is hilo| Kas exarnple creating
a ﬂl%l% g?s\éagcgtgat cX ernrdg Ig) 9 1S 2R 1 dl 3@ﬁ% F%lg{loq%nn%quo can I1nvolve

spose &l ow $ECoR mla

rembVing a@ettionldiQecsid 1er a8D tHag W dishosed bdled ffrﬁ&ﬁﬁﬂn@cﬂr 140. Creation of
channel 170 is in fluid communication with fir

this dnihprspage £an a]cgﬁthl\(%\ég qeglokjylg\wrrgﬁpqﬂdgqgmlnorp@ﬁ,thlrd layer 183 that is
dlspﬁé‘&fﬂ%'l it %ﬁ&r%geg 130! kYl RJ% giﬁleinhtﬂﬁés a%hf‘e?ﬂée e 1 160.

rst channe to reacti can 1 nvo

no ortion qf secon yer 182 th IS . o
100l p% S8 BePOUNIERS B REDE) 1 bt FOREIBAY SpTipied within a firs
layek 181 dCBASSRUEN AN @W3P111NURY VR lrS@ %Pé/édaﬁ aflleast partlally contained

correspondi ng portion of ‘third l'ayer 183 that is
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

19



10

15

20

25

30

di sposed bel ow first chanber 140. Fourth | ayer 184

i ncludes an interface channel 160. [0077] Hence, as
wab@wwn2dses e, first channel 130 is at | east parkCHUE2009/040104

contained wthin a first |ayer 181. Control channe

layct 283, $¥iad tolﬁrl)m&rfﬁua/ bémdRiciéh ﬁ&%h%bé@mtthmgﬁ WAl 1I3>1 and into
contained within a second | ayer 182, where the second

chamr@i/ ¢70,jagd éld}dammnumloattdmefrdm £ Etmlbeaiyléﬁ threeglonid 1d handaito the

1nt61&38%t%061‘1| oﬁf gl?n%i%ﬁ@ aglaalﬁ #t%rggcg? § a lé\ﬁ ic‘? ar ta{tﬁal ygcontalned

witHi@¥ @surttSlapél] 1Baewhert @hd fo@rth %‘y‘éﬂﬁ; ddjﬂay:@ﬂit to Ak thit@ WMy cheFigst chamber
vias 131, 111 are disposed in second I%%gr 182. It is
140 isnetdeast putialheantained weboritiptlayeril8s. Eist dhamber Hiddnispme instances

can B B fart A oD, oD A Lt AR BRI Rgred in
secanddaydr UB2 asdthindribgtl 8B thiiy pmvrdlnfgmﬁﬂ cdﬂﬁuﬁlﬁfaﬁmg betwiean first

1 and into the intersection els 110 and 170.
Cham%%rewaa@é Erghmel 1%% gpvern Stt CB srafPyand Fecdphehpnnel 170.

Sec%ﬂéf Hahht@r iﬂpfstahlela i ﬁialhg%onﬁﬁﬁl%ﬂ%vﬁhrﬁ? ﬁfsggaé/%pl d 12y, sohg instances

acent to the t yer. First c 140 1 s at
secdmla:skmmbar t20adah e @blebstipagthl wicomtiamet imvitiin blal}?l@[)nmﬁihlcatlon with

e 0 i.nst an an alsp b
pasggit b P et TRt N2 oA B p I8 e p S Ty munication
betRRASBERY dh@sBtEd0i Md3ELABH chaver 17082 and third |ayer
183, thus prOV|d|ng f|UId communi cati on between flrst

[00{41 %corcilﬁgt o hg em éogg Ie(I)ll‘;] X wannlrr]lélial%I ape% Eogng i Iellri]?%f |”7r‘g and interface
Valvb3@2laﬁe adt lb@estwittdn theadahie plartailaed ay\ﬁish tiuniticf $40 hr&y@rcond
I n sonme instances second chamber 120 can be at

chamb%r's,ltmp A0 PeanRje.cerption sBennal { H W deposad 18 sy erakideimterface
Val%’I 1t65 08%%26@ %fﬁ r AQRF ﬁfeeo%g%lé}aﬁ ?F ﬁfﬁgtl&@y&{;vegl?%uﬂﬂ qa;’ t1 g4 %I}]d third

us provi conmuni cat1l on
layee é@hl‘:ﬁid(ﬂ’ﬁamhé secha chmdbere 340,180 achdivpustd in/rst [a@&?BB]l As the
According to the enbodl nt sho in Fl rea
outilgnaseAge PrEraghien shanagll g@'&)aw {e? bogrst gf %&%ﬁtﬂt ia@(%f?l@a that of the

chal’ﬂb&lé” tRistaNEws A HRAKARR 19'be IRUR 1§§lo§é pkirfideWRRond 4Rother. In
and second chamber 120. For exanple, reaction channe

somg 2fbiodingkingy aseideah of hirst dhdralyeer] 40884 a ifavtiey fideveallafl seeond chamber

120,45 B gura 1 pGra S0au 2am e 1 thted SRERdiRgs.  distance
betWdeh Fheirh SAdSOANYT AR Eond4Bambl 1ﬁkﬁhlﬂ|aﬁﬂ@g%eﬂoﬂ1 Rbout 40

first layer 181. As the routing passage or reaction
microma tthelout 205 pegeess Hoi caamplges fiest clinilics slgwall agép fadignsecond

chalinEer sgc?eava,tll can %hagppa%tgd b\tfrng Idlssta%c? wasbout ?O %{%%ggse r out%O rmcrons

one ano

abo@iTloadici@it &r ab@uﬁ?&(ﬂﬁh‘i@brﬁs C(ﬁftefﬂ isérfabaaher 62 4{Da‘tﬁ)lild5(am1crons in
facing sidewal |l of second chanber 120 are separated by

width. diencetbe d@?an%%fveq;g@cmgcsr@w@lls phiiysgprgd segond chambers can be less
thanf eqbafiE h% aso EhP AFWRER o %.@ﬁ&tﬂ%f ﬁ{eq‘ﬁ{@?# abSvAlle which

I rst an secon cha ers 1s wthin a range from about
con#dls ot modualates dloablottved?the thanons. AE@leﬁg@n’phc&oﬂmdfd desices

hanber ,sidewal | and a facin econd c ewal |
employing, el N ISEWER B racgPEPaRES DO rg&awm grﬁh&ﬁng?ifé within a given
arca@ B4k hER dBSiEiBNBay 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
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about 70 mi crons, or about 80 mcrons. Oten,
interface valve 162 is about 50 microns in w dth.
woRwea2682he di st ance between facing sidewal | s PET/I/52089/040104
and second chambers can be | ess than, about the sane
heigh® w1tﬁ{n AR Se fraﬁlrhbbhﬁsmlﬂnﬁ@@ﬁs% 2B5utWiothd k. R@ﬁltedly, first chamber
I nterface val ve which controls or nodul at es
140gen hesesrn Ydiern@ Iathirer sangAioor ationyf ¥ nanelgersftd abcmt d 0 nanoliters. For

devi e e such ar.chit ure can

exafif BREP G 00 Rur bR GO G PR BT g g uicrons.

height 8860 &wbndw b@ha delsictof®siomyio BersdiJebbtdidHaniber 80é@MRve a width
in situations where a val ve that controls flow between

withigyg reftggitsen sbqus 7@ingpresetp dheut B migiens;, ajethawithina range from
abo&t%%?o}s t& 9190711% ?45 III{ICQ' %{&ﬁg‘g%:eﬁgilﬁ%nﬁ%{h ﬁﬁ%ee fr&%ﬂﬁpl 50 microns
to about K60 mlctand; eRl@hfedbyl Eeh:bﬁd ahdnabeg @20 canhakautol 80 Wllthfrm&nge

to abqut 240 m crons, aheight within a range fro
fromy gt 1 3gnetter 9 OE‘tozoa‘?fé‘Bﬁte% Tl craelc: YRepi @Hrr&)er 3¢ have a

w1d91bfh9ffit39r5 rﬁ%@oxﬁa{‘leﬂgéheofq 69 Gl BT 4 Hél%ht%frfiaﬁ ﬂﬁcxfohé’ Fhd a volume of
t Itérs to about

0.1 nano 10 nanol i ters.
6.7 sxmmigpire, Afmicstfluchadbece Mﬁrdm@'nol’ta\lmdanwtsdbﬂthobreﬁﬁlt invention can

m,cron a | ength of 62 5 on
proviEh GHEer-Grara” OB Oo oo Bt PRty fop Bl gfaber of about
300GRerAe! Inl@PaC@les) B EcchtdtticBn et dibiaRcis haihaea FnRerdRPiout 250
70 microns to about 210 microns, a length within a

microan @Eaﬁw@ﬁﬁ&mw&g d)lmqmﬂns:hc ocndsetatcenie0diviane obriweemthe first
chaid w 4 a J.an 2) gﬁ?éﬂboutnwo mcrons to
B% ﬁ? OREIPRE P ) Q&R chanber 120 can

ve a volune mnthln a range from about 1 nano liter
[00% adBsamezmbed ety @ ﬁ%lcropﬂ@idlési@\ﬁfﬁ @n i3dudnencaranye rlayers that

f A
GNP s BB Dl o
prototol@aif imahel flidinsa pélymetc afdtetiallon ageréraed discor @bhiy atdspinning

nbodi nents of th resent entjon can provide
the disefoqreate a Layist @ff <§w§ %%%%3861& %é nEYTRISETY GIORHRRE? |

polﬁﬁ@hﬁ%%@rﬁﬁ@:;&%Vstﬁéneagé?l?bro%g)gn PR, ﬂ&rm :

cases, this center-to-c er dlst nce is wt
polytetrafliofaethplaisoprly @BBonuke polysilicon.abd @blyﬁﬁﬁ)ethylsﬂmae (PDMS). A

tionall the center -cent er, di stanc betme e
pour Piol O bt G A g CRESRR A s FBRG, Tt Pyigne mplatc or
mol8] WhieRSan 1B a laPeSEMBDMPRFICAREA Be peeldd & Rfllky 'oﬁhtﬁe mold intact.
devi ce can include one or nore | ayers that have been

Oftqsy & ybaafleénrea@r@é b iarpgus fabgpﬁltwndﬁcfm@me if ﬁmkuet tap@rayer prepared by a
splnSfFlf))nca% %echﬁ%l eﬁla r%rne{ng %loS | Ly {n%pg e§ algao%en Vo%lr St spin layers,

acl ng a pO n a
in aﬂ@ﬂ&area BEmBRation. nEl sohi e@h‘tﬁ)@lrh@ltﬁ l'fﬁﬁtl@yea 1Bay@f b@fabrlcated

ymer across the disc. ry polyners i ncl ude
accq;rémgﬁ%ta PYPTREPIREEk yiosiesamplg) E’/@%@ﬁ &c nosr mngmn@.lfbthat has raised

port S¥S§E%:gndlfng %){h%%lrlx &e%necpﬁ{l%itfg%\{ aliddn&i&% Qf @P{J[rﬁ%?s FIG. 1B

pol ycarbonat &, polysiTicon nethy oxane
shoxézPE)NS)emp@arpomld [13)) mhn:lh aaa ﬂ:oe iusadodofebrixater ﬁrrsglayerFl[BN/ﬁs‘)f FIG. 1A.

materi a ex l e, tterned )
Aft%vang,ﬂm iR lay rector ayyay 3598} thsmﬂ%wgp %ﬁ?ﬁ%éﬁ%@dude
opelfﬁﬁgi, @Q:e@sres,m%lolﬂ?éij vofdh thd gt l%ﬁgt%aﬂﬁﬂ?%rm 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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Oten, a layer prepared by a pour fabrication
technique is thicker than a | ayer prepared by a spin
wo apita@eé on t echni que. El astomeri ¢ bl ocks canPCTUb2009040104
one or nore pour or spin |layers, in any desired
seccﬁl‘ame@ ak? BNFIG M £0WR)1 @ TORA MBMNoSnclhid, $or éx@iﬂh%[e ila%ed(‘cfi‘ Rontoured
fabri cated according to a pour protocol
poﬂmdﬁﬂ«ethapm O@ansmv@dmgun@&s mnstegonadO lapérd 82h aﬁlemarks can be used

durllng aasqz gagarlttméfpgﬁ%ec uger gﬁ Otgﬁt tﬁ‘%% gser a l’jlﬂ%]é/lal% %9%0% cﬂ§wgr({s tﬂe marks
duri@ ﬁf&ﬁbﬂtwnﬁmﬁ&d 190bcarBeCpus ad Beo prRlcOthirtlayér@IPOMS across the
frrst layer 181 of FIG [IA After curing, the first
molfl apesonddiy b d8pew) waludaaperingmniochscimor athcryeids thapgidgast partially
NESeokEEESS
o g LA AT g BEES Epn B DBl o onc
or ndo3f Jaséi abﬂsattloﬁhlaﬁbablaﬂrdz@lasaméaﬁﬁhmtéd(m afftbﬁd 1dy20182Tean form vias
create_ second | ayer 182, P | ac onto a.
Higkiia Ao e dBaTyurisient Sor géis@w&r fﬁg I e85 haeigned and
t
conlEE U8, S 80100¢ PV oy 16 R TACTEL 15 o
layefrsatami begteelsd ©bihdoldalpdr sﬂjﬁﬂtaﬂémﬁlyﬁ Td xeativtict 1.‘&9@01 83aPDMS can be
al,so incl rai sed,or cqntoure

f .
plac BRongo g Hef kR P RETE A4S Lo desised feptainment

or cb@Y&lchdifrls. THIES 8 DBROKS af 3RcrRflatSBE1dAW0H Rehich ¢ARNused to fabricate
abl ati on procedure, such that the | aser ablation is

thirdijayerct S tBIkald. Fis meldicen e BibuNg SQ hﬁetoadmmadq: athin Ikﬁbdedof PDMS

190c¢ ca as, 10 ,pr OV ..de a
scropis o i RV PR At BABORAPER. Bebelint PR s thac ateas
partQpI§ Foitg 65 ddfRRes&™S, chinedll h@ﬁnd/téla&‘ﬁont dhahnedtl 70 easier third layer 183
partially formor define control channel 150. In

is 81tf§§1§gtly swedribe payplined ot bayar e andgsead layerdfe cen bff‘sigl#@ed and
con a@t%ﬁ Rwdﬁlk{hgiﬂn%qgjéer% h@?lxlfa& la gr Jgﬂ%ﬁﬁer? mtﬂé ¥e%8ﬁc? é/EIO a?jd all three

can orn1 After s
laydrﬁg/&rbeliﬁﬂlede&nﬁlfdl I®0é rsirm}ltaﬁwLqu To crsdte If@;t&r laftf&ll SGahDMS can be
bg al i gned ﬁ jﬁpon cted with the second | ayer @
placed pato %%}%#t ol p@r"\msrwfrﬁ@ogé@gﬁ@ eéﬁ?‘élPuS %m&e gQ1Hainment

or cbAY&cRafRl. B9 s‘ﬁgwgfaﬁ S }q é/%:l&ldsl'%y l\xﬂl?d?lec%ﬁ%lehsed-rt% fabncate

create third |ayer | aced onto a nol
fourtmaiyemle@él qfaEIGe dAp &helrmié celmb¢ aamomjamtg plr@v1d¢1@tm1atay©usf PDMS

deﬁ%re t nen or co ol channels. FIG iﬁﬁﬁ )
acrogh 8r dﬁ‘n\)ﬁ’ﬁ ‘é WhAMeE TGSB St Y ‘?tﬁft‘{r‘ioé that at least
parttallliyf6roh 613’ @éﬁ&gﬁteﬁﬁcel: dhennd A60 TRGcPRIugktha@fer 084 M@ﬁmé{ﬁly cured,

as'to £rOV|de a thin |ayer of PDMS across the nol

the quinbige ﬁgﬁélﬁyilslﬁ lg aﬁn:on@ tqygld B2 pééltlm@éayqré%@glebe almned and
cont%E d‘}flgthg %0 hqaaegt urth ?retrlcg efré) [ %glbe t%%]d tlaéyer and all four

secon anne reac on C anne

laycrhédnthel pr¥RE 0EBR0ldS] 994 fSMLﬂtaﬁéﬁdsw QDitRshally, e fd@lmyﬁﬁcban be placed
first layer 181 and second | ayer 182 can bhe al

on qgsamlagid Hohed b (et KR BHhewn maljb@ 1AnEhe ffth éaxeag@r include a
lamfn@fe (ﬁga%fée %%hglfa#lp%uﬁ%(f@@%?h@?fﬁvru ittt ra%% tots&}%ereée%y fil fic fourth

can eous 0 creat
layek ouorat o fcﬁymr st84nteABdS haane] 160 pIrathécway) ttloe ca)nni:nhedi ﬁﬂsaisecond

has ra| rtions Leorre ondi n to the var | ouUS
b8BT B DR Do COReT Bl CRstiiet T TN heeronbisg may be
a soflll sFhEAR afKe ARthaybP Ol MLEH Gl %eﬂsggcotr@lng@@gdrﬁ@t e
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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fourth layer 184 of FIG |A The nold can be spun, so
as to provide a thin layer of PDVMS across the nold.
wo-ouetssk@yer 184 can incl ude openi ngs, recessRSI/US009/040104
other voids that at least partially formor define
fouﬂtﬂ"f ?&f 6 & t%lifi‘@\ﬂ gt cﬁa@gels'ﬁ Hl%rfoﬂ‘n@d‘fa?& |”ﬁﬁé%%ali‘r%4la%e°r can include a
iciently cured, the conbined first |ayer
ﬁlmswl@lglm dlalyévy@ttamg to thecfouth fagtell wig en adigBivea tHebee ahd spabing layer can

ntacted w a The urt h.l ayer
forrg B SERAREN (eehet ol of BHFALed M hnedienl BifF Mty ¥ @ine tayer
can 628 tR8sReR atht@fal, fB@é}Qﬁib?@@OEf@fMti@%kﬁ?@h‘ibdhate or polypropylene.
tlonall¥ the four | ayers can begflaced on or
Relatedly obe sxnling dayerncqn ha flexiblpesuch gsamadhspigospienand iy pesuitable for
f C
attaéliﬂl?enlft ltc]‘ .{1 E\lﬂssﬁé(tt% bs/l%gﬂcrirfgg,e Aru_llégﬁs & v%?aﬁh&g\;eeorrg{eag S%Fﬁn% earn%ghamcally
attactedsash asrbﬁ d’tﬁn[freas[dnh Ofeyematsalsased ® fabflmtﬁﬁ saial layer are
i nterface channel this t he conbi ned
compyiptto fraLBpigic sepls wetq* f‘efﬁ@ 195ty RO g duidic ehinpelaithyminimal
c t Moy :
o ORI 9 ACHEC U o9 L A0 B g B i risid
(notsbavinglnlsayrercasedce smating tpytoissgne enbodi nents, the
fifth layer may include an el astoneric naterial such
[0081? RiNBmelcAsS OB s 88 68viad b el fbkhed BYREcF@anh&S bfigﬁlnﬁ)ers at one
gid or hard material such as glass, silicon, or a

layep Iaa@b thagnglg oh cl@@gnm Wnyﬁheh@yerﬂf@r ekgrmple) la;se]osmky to fgate a via

REE3SES in bott of /. Lh
131 %}9@ sécSncgﬁlyf: 5 prt8 \prodveldec ﬂgﬁ SQpnynical 1ﬁrrpb FREER ﬁlrsiq g[larnber 140 in
firstThger 98 akhd eab@oteshagadl 1706h tahel 1aydrillsB) Whhidilyays b@smble to create a
attached to the fourth |ayer_ via an adhesive. Hence,

via § Hethsqughispepnddassr 1820 PTQVH*P dhaherammupiceiany egwegiesscond chamber
| I
120 :ﬁgggs‘r? @'ag% eﬁgi étégéglndsdg{g{r?%éﬁ}p 1@%{1@%?151'90,11 ?&grﬁﬁel 170 %Il #eR LG 183,
somp a‘zﬂlyaﬁcys emtlolp of thesr anainesnlavge tholvphmapyf tee e:actlon charnbers In
Rel atedl y, the s?alln% | ayer can be erX|bIe é@ﬁwg
somg Gasey % vifs cpmpe ormsd byaying @ 1aser pumhdo FFRoqr pattions of
elas’t'di’ne‘”i‘lcsfﬂaﬁf)ﬂ'aﬁé eAPYh RGN, 1AUEE &Smpld %a@%ﬁ@ﬂa\ﬁﬁ)eﬁ" 120, 140 can
heat sealing, or mechani cal |y attached such as
have emmt@‘mslsparce tigftestendnatiose aglaculstded oy fhatiop cféfﬁlst dlannel 130.
. lin yer are conpliant .to r lyidic seals
Thigifier SusE % o ErrdRia SR deBhib by et al ety Shehiet 110,
and laB anddFRRH bR Ghd RY F rdidNorf hhelr1 7oe H%‘ﬂ@sp Qutigg 1dMing of the
an additional support layer that is ri not shown
unitjcgll sfhrd cemBew thrgugle At ﬁ@anlnalyb% 4ng upiwgr mtc[ gntpripipf first
a a e [ Via be f ormed bet
cha B 07 SR RASHARE Toney AR G5 Do Rnl el R RorB B 110 and

upwelbibeths idtriedstisb&mdl cAy@ber PO otk ehroligh 4 Slaﬂ@ﬁsﬁddtih ehe
to create a via 131 through second Iayer 182 to
secqdddicde Relatadly, durinmamt sing RcEeheBrd 31 ow éwahﬁlé ntgrey of first

chalkﬂerf 1'4'0%%1% d@éﬁ@vaﬂdgﬂl cﬁlrégctfoiac‘l"ltah&q 1?@ %@ﬁghalﬁz grd htaw\llel{ g31 formed

y, It 1S poOSSi
in thh]sl:cdiﬂ'dr leyigh Stedahd dusygen nﬂlﬁﬁgtopeqaﬁml ﬂdfel dah lﬂodx from reaction
co i cation_ between seco in. first
Chalmw Camhunspaid dde ednicRar Akt eca& ertenallydhiquph a via

lllkﬂ%éghﬁﬂg§goﬂ@W§&f183 In sone |nstances creation of
these vias can enlarge the volune of the reaction

[Oﬂﬁankccordlnglg 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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sonme cases, the vias can be forned by using a | aser

punch to renove or ablate portions of elastoneric
woreotbnzasee As shown in FIG 1A for exanple, rReUS909/040104

chanbers 120, 140 can have an interior space that
proc"e§§eﬁ'ﬂﬁ| %S@%Mﬁh@d B pReordgirbadrdMat BEms Q[ba@fngfﬁaﬁﬁge to second

channel This interior space can al so extend above
chanepll Hhim tHed layed 1 3 Lcmllrtgdgassﬂgess etnehdcthahike amioformpdiusing a
drill?t%gre aﬁlgg%rl]%blgrg%]gl ? %Yaﬁé)l% A lPﬁdén%Be{sSgg?t r%rfa % e&e%%%ted by
ablatih@W polfdaughhd élasbmehapdek. E3dman Iits@f@‘dﬁf\dell Ati@dtfiiesuch ablation

interior of first chanber 140. Similarly, duri n&
technigigs.rig thoy|can gradise # lasoy kaspoubish sereeved adlearmef tha glagpageric

p I

bloc("l)%p?@ gm les% lgeﬁiulé%ﬁa%g%ﬁ%g O?I’la%g%pﬁlog]gg{gg%gonﬁ%e forrned before one
or niket af 'eld |11yd1V1dU3ill lageraaniadhergd aethat.i Bot,exbinpleda palmohlotﬁwloadlng

fromthe IB g)lor of first chgn‘oer 140 and dov%lnwa}
Passage gt Yia&eR PoPrENd ha layseuringdns glodipg Progesughatier iegmolding

A8 FH thdladh | G Rl ik ioh Yo afidhdt BPoRtion of th

prodk TR VBT ERROLL Rt Sl b OBl T or
loadiﬂg)peamgeumw@nllm‘tcdvd ¢tehing bee dpomort elastmuerd leharpsor to forming
h ptlogg e:ithrou via 111 forned in the second
t G?Q&S}@Ften[“éﬂ CYPLT enbodi ments of the present

I nventi on, the second, thl rd, fourth, and fifth [ayers
[00&34n @@Opdlogl@s@eson@reml@ﬁénerpwfabheailoeagn@hxods ip¢lude forming a first

ocedure that fo sa
casfR RS gb thot £ FEF iy BRchiBk RBEE R e b Bhsrgppphined motd
has afiloif hbitchralséd prosruSians DEPloPB RS 08 ndFe feass@és AOMENBOtAS surface of
thegart of a procedure that forns a | oading passa%e to

03 @ﬁ@w@ﬁ% erFr- 1lothios Ry plyo inghede fegpingiasaenndglastomeric layer on
top gfrﬂé? ?ei%lgﬁcg méér{rb%%fhlﬁéhdmgﬁewﬁk&.eth& Q&E_g ¢ i QLG ﬂfgd 1%? one or

I on nmechani sm r exanpl e
morpasisageonusivisahadorm end abmbratedsdsyalaly ealbotfd)gl surfaoe bf th& second

cas{EioriE 155y MEUERSABATS B DRI b0 T ByoBatface of the i

clasRIRGHA8y & ohﬁ‘)saeﬂ'og Qﬁﬁﬁ@e"@tﬁ@se‘é@ﬁ@é’lgﬁoﬁeﬁé’ [ay b0 cRthat BRhannel or
el astoneric blo I'n sone cases, |oading passages or

chambersformos inporetése ﬂvstweha theeoffirst amirsebtmdf dastederbefipere. Ang dosired

f th d dt ..
bt Sifhers £ bOREE G BRNET 0Bifad S GyeC B g g tastor
finaP8aftOmBBE 1ayBr éh oPYoEh plihal tbstrite shHidH HhNOCHINRARS TharRber forms in a
after the nol di ng process and before the adhesion

recopy betwsen thogimiabelajtomeri¢ biymmddhe plangtsubgiepse. Bmpesimicnts of the

pI‘eSoIflt ﬁnbeentfo?laegllc i} ass e ecl)’rrm\c/:ro 1C %i!cquemh\a/lglnetacméiggre% ?astornerlc
oF DT 6 el as Jerspr or FSr g *th

Valv%mhﬁlﬁﬁoﬁﬁgﬁrhﬁ@}/ﬁ"hlcﬁ|1ﬁ5ﬁd€§@ﬁ¢lﬁclﬁh@élk or {HBH3Ys. Exernplary
Accordingly, in sone enbodi nents fabrication nethods
elasrqwrwdélw&nﬁ]pﬁ@lpafabm%@n &qchBiagpedT descaibed oS BpteaifNa

I { Hﬁﬁhl I
6 Add 8[:7;%6%%15 ne lpglghs Og%%r@%ra hr%r%etrng gélfé%% protrusi ons
ne or nore recesses al on g)tﬁtom surface

at_ for
00d1 ™ Mo g Govise e yPORfEY5ted out of any
matbrgd oV 88mbREAGNSF RaSBSIQMtht 84 PEL LBEEIEd 10ASE nBrofluidic channels and

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.
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top of a second m cronmachi ned nold, where the second
m cr omachi ned nol d has one or nore rai sed protrusions

WO baw/1268eén one or nore recesses al ong a bott onPGUIUS20%040104
of the second el astoneric |ayer. Methods may incl ude

[00gMn dTHme@tho@sdﬁb%ﬂ hd Elbheﬁlolﬁcﬂftaqmcﬁdﬂufidig %e@Ee g vhiyr \§f‘th the
el astoneri c ayer onto a top surface of the second

matesiads pesdesridiintlagesoft libhgtahby mathodarmigtoasyembia by mfcgemachining

Cess bet ween t he flrs cond..el ast agmer ne
metp Gy LRE R dau R Eind Dper’ SRR RES GRS bR R fisine
reacktifte {dH &chiy, pldviial b@@lﬁn%ﬁ s ol it gudhBy RA8 idstOdtichgcd figed-aBtensional
or final ‘ast oneri ¢ ayer on top of a planar

writiigygethadse H@d@k@r aysambly Bphade renica spddine methadssinjegtien molding
metﬁt?cfseﬁoct Igcﬁgwg tfl&ﬁéﬂ%&?bla%o ?1?8:(‘1{ ' &orﬁtﬁxﬁfo ?gﬁmteﬁl%ds and other

ahar su he present |1 nvent
metb(ﬂtb}ddilibﬁz&i&n el dri drajeetloptEinaht Gitakicc Pd%tleﬂ:yésf dxawiphgy &bﬂcatlon

et 1R PR GG . CRATEPPOSEIL AR Ry e dEvices
fabrfafiSh I‘*E#%io‘ﬁ Y %%h@fﬂﬁmp Wi LA leE 38 1490 4%?%&@%%%‘%5 2@66

escr Patent No. 6, 408, 878 e cont ént of
"Migtoiflohli¢ scionmer qacnmprehieﬂsmeelonsthwwebkatfenn dor hEBUlidic systems."

Pro b et et ST TRRRRDOTERbR ety St PR BiFaq potymer

micFRIRIrb&chitNAYst&a AR CAPNE LBt ED; BeclravealTnoo D pyiyeice
channel s and chanbers, anhd val ves t hat regulate flow

microftuadig Hed besi e elasztcaﬁj%mw dieshdret sl., 200 Hokinaerfrpigrafabrication
metwdr%cfh 1cr?]f\fu1 4 f(gzt it app S(faltlg%"ebdlecl'gtfno%h res%ﬁﬁ" a\tf} %J US 6,767,706

Icon

B2, @l \S¥efion 6. 8F'B/Hh©fabrﬂa@tﬁ(g%ﬂ £SilBéEDEALS'; TaRdeodl., 1979, A Gas
conbi nations of these materials.[0085] The met hods

Chromatgeraphy Aur A edlyzesdabricaiedeies Sfican dY e Sk £ draeyor, Bfegiron
|
Dev\l%e%n/ gﬁ‘fzﬁi;e[égi‘)' R Sé’grgoquﬂ {489 Mﬁ&osz%fn}zfﬂnahg?%ggwy New

r oassenbf m ct'onmachin
York UK nace, Wicbdta-drak h]l996nzgfon@lt’thi@ct§apzl$d@Mﬂ&ckmphmgfzaﬁmge with On-

met hods,. wet e reactive.ion etchi

ChlléPér?Ff?g in &}t%ﬁn%fefmai ﬁeeﬁegﬁm &Mlqr%géeﬁtre%%aégqg §ystems, MEMS 96,

pp. I@M@% aq{drﬁﬁéfa‘ﬁ &b eWEl' t1i9Rg, %Dﬂd&além}féo@zwﬁ%&ﬁmzﬂed
repli c¢a nol di ng et hods, injection nold

Incmwa’mwdlsl,zghm‘ioumﬂ dl]m@ Ebth@ld@evﬂceﬁs]ﬂleetatg éDEMB%\pphjﬂiisj%. Each
¢ nmbinati ons of neth qﬁ E ﬂ% Uods known in
of teg FefPiEnGes A DEP BB T TR LY £ fiige ok AFFREES of
exquhﬁﬂy fabrication nethods are described in Fiorini
[~

(00861 d Hg@%bodlmegisotsha ldﬁélcmscfﬂbiﬁ%mdd#s@lgd@%ﬁit@é@w materials.
rlcat 9 Bi ot.ech ues

Fab ﬁ)ﬁénei% o({éélgfel%g Teg ornefrlc m%tsra@g la C ! opf for caign of deqflces and their

conipeﬁmmm bean déﬁ@ﬁb@hmﬂ&ta\ﬂan(ﬂ@d’lﬁﬁdﬂﬂﬂfblaﬁ& p@tleﬁﬁ ﬁtelramré OSee, e.g.,
m cr of Lui di c syst Acad. Sci

Unggyetjad4 3800, Sqignée %&%sklﬁew é{ Sal?at chﬁoéhs 6.9, é%@h@éeé%ad
oY S5 REIOLE) AN AR B By clpmerc

valvdewt pasip s?jabmn), 8,796,706 (28 fatcBea ke rﬂtﬁtmﬂiroﬂuldl@ dBvices and
T et R R RS-
valv@afi@ %uﬁl%@ysterns), 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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B2, e.g., Section 6.8 "Mcrofabrication of a Silicon
Device"; Terry et al., 1979, A Gas Chronmat ography Air
WO@PAI268e6 Fabricated on a Silicon Wafer, | EEE ACEOS20091040104
El ectron Devices, v. ED- 26, pp. 1880-1886; Berg et
2009/'08419]19%(9 0%3‘68‘22;&@ ald W@ﬁb Y@ 5D0RhRITR, ShieMY, \2005 "From micro to
| uner; Webster et aI., 1996, Monolithic Capillary Gel
nan@abmatlopmﬁle@t&gn@ma@ Sieree@R0: it eXiact ek, 11998, "Soft

7R SRR G el EFo RS LSRRI, 200

"Moh%ﬁﬂnc Ma@ufmh&ﬂad vyl dndpampyib mamarhimed HiReaasiss Selhce
ht Source, in Intl. Electron Devices Meeting, |DEM

288819 -136: Thysesnel., H4eh" Micrefhedis [iapsednauesration” Science 298:580-
i a h f (2 F
584 %gg]@%l ﬁtzg?%’f g@%@dﬁ%@g#ﬁ%ﬁ?g”% 'Bl%lﬂ\%dlg?g l\ﬁ’%rc'o%%vwes 3:323-
330f Biordt ah,tmm U'Soigng tl&smﬂntb&hrmtlewerfa&eSproElabfwnlaa inderofluidic
g elastoneric materials and methods fo

mat’aésﬂ’gﬁf(;féﬁ‘%? @2@%@@ Tand’ kel r Hoawpoettls: apan gscale nucleic acid
pro?—:%%‘f Wlﬁ’iﬁﬁréﬁél gl%hﬁédtuﬂenl\fﬁﬁﬁe E’?dt&%i{ﬂfogj; 28295 39! £dtini and Chiu,

terat ., Unger et > 2000, "Sci ence
2002,8®1Sp0$831&mlcrblﬂ&dld?ktwce&b%bncwﬁoﬁ i@ﬁﬁmﬁﬁinct Mpdicatian" Ridrdchniques

ificatio ilj.zlng,m.crofluidic devices US .
ey e A R T e L R
platﬁ)\fﬁltfsmeroﬁma@?syzt%s@Imb@@mz Q@aéﬁ%l s A ¢¢41<3488 13493; Rolland et

m crof |l ui di c devices and net hods) ; 752,922

al. z(NM(,; %ﬁlyemtﬂq:&;st@mrpbg@pmgblg hg{l)ld 1®ﬂ4>g‘8fcgmcroﬂuldlc device fabrication"

of a? %?% %ggf 2?%;% og%ﬂgf%tva"ill Xﬁ()%?ggll Endggtcﬁgf poqyrn%r‘

mlcfd&[e%ﬁodid’fﬁ&ﬂ ispiiehd'yLar Chiped shestn Beclae tvalr, k)2, "BoSmer
Pat ent Application publication Nos. 2004/ 01 15838
micdlysfiodraous TaboBsIHTes00 Bedbu et 01 2998and 2t refaipoaes cited

e B 0t O i 0P BB s

incoppdrhicd hticonby WEROMSR/ OB4I1 PirpodNd 05030822A2; and WO
01/01025; Quake & Scherer, 2000, "Frommcro to

[008’72 Nof: AR5 difRhis R tﬁ’@ ﬂr@seﬁpi‘n‘ifeﬁﬁ)tnefﬁhﬁ&senc%b@sg Q& c2RYf microfluidic
1536-40; Xia et al, 1998, "Soft I1thography”

fabraragemamdipred GHem &s-Woll ex matrofuidic deslic ioperaBan 55111:1557& disclosed in

t . al t .
U s ot SR gon e e R Moo 20 o BB EPBER
olﬁ&at%dli@rem-rﬁs@f&&@n&tfoﬁﬁll purp84, "M crofiuidic
Iarge scal e |nt egrat| on" Sci ence 298: 580 584; Chou et

[Oﬂﬁ] op 4 Varl g r I Cgtt 1915 I:\)oolrtsianrn ar tg BI o e used to form vias
croaevi ces ,

or phdsegcsviRh dtabmehi rbTocknmemBme cﬂrl@ﬁlreﬂhc\ﬂd étbhlﬁg procedures are well
mcrofiuidic matrix" Analytical Chemstry 7

suitoryfpg cregting lastgmetic tyersuging multiplg hels e ﬁp%la% foy gxpaple. Inan

exe@?fat e@rﬁ 2%§Jl?¥ﬁ§%@@%éhéﬁk Iplﬁl%?&]bﬁ g%&lﬁér%r n{z}%%'“séthﬁ allowed to cure.

The"eDissyposebhaerial choinchiddione de wiotepolyfatsrinaapomating materials such as

chIoRg Rt TS - 2800 S el 0 GReRG gane (PDMS) such

as D‘o%‘l?ﬁ@rﬁf%ﬁﬁ@c\/@ %Egﬂdrll%@ i @orPlgat &Oafl ey ur%lh%ﬁ@fhaléxg/@alté‘s such as
systems." Proc ScL US 97 13488- 134

(butrott lismtdd &3) 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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al ., 2004, "Sol vent-resistant photocurable "liquid
Teflon" for mcrofiuidic device fabrication”™ J. Anmer.
\V@h@mmusmt. 126: 2322-2323; Rossier et al., 2008CT/US2009/040104
"Plasma et ched pol ynmer m croel ectrocheni cal systens”
prodedd offHeRike: Irhe cdBh pl%@&hﬁé & in@blve bAARE or rddAl ¥HRkrature
m crofiui di c devi ces" Tal anta 56: 267-287; Becker et
vulcahizingd®JY)), plrdowringr andghetibices cited herein and found
in the scientific and patent literature. Each of these
[008%f AR BESIBNREE chMBON IR @b thdeleahiltipl pagh eV1E0IE Carf 8 mixed
al | purposes. [0087] Enbodi nents of the present
togqthay ahyaremns fafios fie pbiahcdnniied Iéisrpremrﬁe&afF%eé@r@plﬁmwléstomem
r r C
masl AT Ahl100: PG BHERAPE, i el rSed o hA Hslhiriped
amodp(sl fa@htatds nhd\ki)esn&&b@ﬂchaI&ﬁetfersl dal sdaa vasey, tR2parRQ08y; bé inexed in a
.cont ent of ich is incaorporated herein by reference
ratiq gpthiy rapgk BeRedout HH&BILAR §8 of FAr GnRig.yn sfastapneaici FdAMS
confPbGRbA G baREd & ggpgwa@ IR Qg Can be used to form

Ias or passages I n an elastoneric bl ock, nenbrane or

. Such et d ited f
10030 S sa RGeSt S SO E A S Bhg1aied by B ES) Aiogperic
mat@RAT FoF 8&mplQan SXABREEst (dvAiladhle %ﬁml%ah&ﬁwﬁ SNe@r’fbn MA) can
el astoneric material is pl aced on a wafer or nmol d, and

be agpligsiiedhe dagiomer. EyvenpdarsiSlofieesiss mh@lp |Sé] 8 éa@ﬂ,usﬁbB 48e0, SU-8

2009, o(r%gSS '6? D[R% )ﬂ(m mr:) c y}fqlo?org%q?r]tac%lll %9 gﬁ%OSI Fl Fnse e]lllagaoenéerlc material

in aapﬁ d@@ﬂm/gllpxﬂeédmyé Sit & dxsree roteidm) sgadd hn@ﬁuﬁﬁ@h q}ﬁéﬂm‘eadases the
g Syl gard 182, 184 or 186, or aliphatic uretha

Spingoating £t Respesformedat o 19tationalsPEechvithig atréylgeé%@erapputzlﬁﬁo to about

r f,r
10, (ﬂ) réﬁl r‘?cﬁ eldgﬁtl(%lfﬁtgfﬂ gle ﬁ%?& a@uggo gegco#%sgt%oabb?thf@d.@seconds
For ‘ﬁmrﬁpsle athe ppih doatingecas ic perfomhddrg SDﬁ(OItpﬁﬁﬁr 260 sqeoags. Following this
rocess, a d| coatl ocess, a _screen

dep%ﬂil% )| gt anask ga Akycer th&%ﬁg%.% FePiBrEHwse range fiogpabout 0.5

to atéd"t%o liBRNE Ul M PRGN RicRALs EMBLiv 8 nfi@khd) grl%rthfcﬁﬁ&‘s of the
enmperature vul cani zi ng (RTV), photocuring, and

rnaslekE be pe8E] foAhacelc st apeemigdonvatpos ind tha setagted sph um@ can

el bR sh g S G e s Be T B BRdItegR! Bl R be used

as aAlktcBlskoneri c naterlal may include a Part A and a
Part B, mhich when nixed together in prescribed

[009’)12D uﬂ&(ﬁtloﬁacf anegurgsc’ %an e?ﬁo'rrgng(g tobo Q?arg ﬂl ttlst tf?]lrnhthoglraphy

cases, nar 10O W

expdURY EF cfrreQElihﬁléchb pBot'brdsiSt azhﬂlb’d pr3@esl@d ﬁ@r seR¥ROPéBperatire for a
el astoneric PDVS conposition i s baked.to praovide a

sclegtgd j_lnmrqttwe An sc{n@g g@ﬂao@@mg@@e @Qg%esm& 1quqgttb§1}<@% g temperature
B IR LGRS FUAEH, SR AR s o
durd\‘/ionmfﬂme e drom MNeowit @ mmM@t)e te aboudd 0 apipliice dint Smntehxases, the soft
bak%{gi%% %i fogsfrgglutaers %t 6% C. gucﬁ Ip?etp%raltlgﬁ lte%ﬂglq%gs- csanZh%PpOt’o 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
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.
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2007, SU-8 3005, and the |ike. The photoresist can be
deposited on the elastoneric material in a spin
w@ompiiegg2gr ocedure, at a desired rotational spREHUS2009/040104
duration. In some cases, the spin coating can be
1009237 fRid o @hpiey %@E&ﬁi‘f@&’i‘ﬂ in®HeE gluY’ﬁﬂl@ bfbo@uﬂe@%@ F608Rample, a first
about 1000 to about 10 rpm and for a duration
eXpwurm$tnp aarrlmg?efoﬁ*m@drwaib@ﬁrstz@ipgsm nask.tand alsoeandzub@quent
seconds, For e ang e,..the in _coatin ggn be vol
XPHErS %?%%1 it %Fﬁ“?oarse Ry Ela%% PSP IRY" ¢ Hifrscan involve
the @festidn Mtadibiiéh PhakalyeHirsighmsdkpediic RRVIE téwirdiapHoesssist.
or depth within a range from about 0.5 to about 50

EXPﬁWf? grkdation pag @rﬁéud@a%%wolﬁhleglttme@k plggiolef lighp deepultraviolet light,
. | )
s LR AR SARERS £l RS FORRISEL LI ancr
specttiunfe asonel damsnatpesm radﬂmdml it dbléveded ot ot hdre wavelengths within a
hotoreS|st naterla 3 The photoresist materjal can be |
k.

ranggdgRm 480 040 @bt ; degﬁljne APt 1O RAC ObF B SnEIgH i

elePt%d ngefd%rfﬁg cérﬁp&ﬁt?o(fla(ﬁ@hé Bl?ot&lagﬁto 'Hop 'e§§rn lgrsg ecific types of radiation
hography exposure. For exanple, the photoresist can

or chegpracksgmdicdto kliseplanomsistseOdarcahotoeesisty, Haliseplegoresists, and

h élﬂE duration. In sonme enbodi nents, the photoresist is

the %ﬁt baked at a tenperature within a range from about

45C to about 85C. Rel atedly, the photoresist can be
(00954 k elihefuﬂe of nuhliple imasksanthic ta mm@orfmblmtab@@ﬁfeci of contaminants

on 311 %s% fom reé)?bgtlilﬁ 10’%118 rprﬁégo res r§ ut e Sorre ge %%TSLS &h l‘f’ﬁ)we%nted particle
on th¢ fipanakk o éce@hinotitRs, 6}@%5&1@\)&1&1 DseRbhdrinagt &ndfelp to ensure

i nhibit photoresi st mask cracki ng at exposure. The
CXPRTUEH A the pbwow@t@dmtéoc‘rﬁayn all8o cxnosHigREOEsbrandy fohewed with a
postg%cgﬁglggg%ﬁetr %o r@@éaﬁ%l n 5P CERQQ qﬁﬁ? %Ee{mg 1sbpeer§o|§]med fora

errperature or at erature w
dura’ilohamg&n ] Wﬁtg‘edhﬂuﬁbolﬁ@t@ ab@ahano nﬁﬁ@es andl aff otengerature within a

randsclpTi it 00 C o SR L5k EXERBIhBE Broag 08 Por e Tesdabg minutes
at 65, RAGHL cﬁgksn@he lﬂa@scaﬁl ke %fb@oésllmqgé ﬁlﬁ’&bfre&"s%@%@terlal

can i nvolve multiple exposure steps. For exanple,
rendering theexptos alrmensdlelplec d heﬂoeftepreﬁlrfe erpedd photoreaist parstie allowed to

coof. °§§eﬁ@%§ﬁ%@”gﬁo&§% T narfosmd Eﬁ%gem AR Sy Hithis Fng from about

18°€XP VS 87]E P aCRiatioAUPKIME a triRzcFRh hEGH II%upfo dvadi #0 h@is. In
or energy, through an exposure nmask, toward a
somglatesthe Exposedrhaeissist is saolad pbieotatampeiatureléor about 18 hours.
ultraviolet light, near ultraviolet |light, deep
[0094]t r &\deRdlepmérit Phdcessvdani el peribirgdd folloWingd:@dsure 9 son® cases, the
ergy at any desi red wavel ength al ong the
phO@F@@g

Hriselepeh e pdyratiop i rage deom ahyh 4 O seeonds to about
10 rﬁi"ﬁgﬁg‘t b‘ﬁﬁn ﬁled&:elvb%gﬁlggt O@Bc EC])Q d¥el uts %@Ylgéi WEIQ osed

Inar nge fro to abo P Some
phoasséss., Thé éextejcn&r odn ma]ddatfoofkaﬁrpl@ e ro%anu&o&&ln&sﬁohdts acetate. Itis

based on th ositjon of hot.or esi st For
undgrgtogd that t cYFlPP ‘WB nfd?laxé %%%t a5pd e e gompapitip of the

phofﬂ?&llét efhd BeveidpeP @arpct}%}é% £5hi8dobve SFdel:ABe RRAY OF B84tRnS of the
i ne photoresists, and

photoresmt 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
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the like. [0093] The use of nultiple masks can help to
prevent or inhibit the effect of contam nants on a

wore®R/12680n r epl i cating on the phot oresi st. ForPERHAPIL)40104
if there is an unwanted particle on the first mask at

sorn% cﬁﬁstt‘ﬁb thakie Gl loQRd t& i‘eq’z%sé{ro% n¥rirBod t&ﬁﬁ&%ré’%%lé dafHfion within a

hel p to ensure exposure of the photoresist at that

rangedeem kbeut [Thmutsxipeboutet8doosess can be follomed wth a

post - exposure bake (PEB) procedure. In sonme cases, a

[0093B PptasiRdiir Ridittonpedl hesiiett a9érs dailb @3ih-80ated bhdtRerdvise applied
raggg fromabout 0 to about 200 m nutes, and at a

ontq iBggerderadebpfaresivi. Hox anegwle a8 R TAb @Qﬁtlngtbl@@ # 611@1@@% or depth
it 00 LRI, R S0 0 ETIREITL Sl g
photoir&$ss nlask k Thhelagibotoe esdtsi camb bai&kiébt aﬁuraflemd/ahinrkgrange from

the materia sol ubl e. Thereaft the exposed
aboRfH MRS ‘e besd 9o olEeTHE QBT aFings Gigh) eyt 40°C to about
80°C O | écﬂﬂe 08 %%Smi&oxpﬁﬁ/%%fg @tsgﬁ {68 4! fhfbaked for

range from about 18C to ab for a duration
1 howir ah6(7Ca Suah ¢eehfirqoes @indwatp to mioumize daterbbetth, 40d hatucs vialsize non-

.S0 C t he exppsed phot oresi oIe at ro
unif e ERER TV itirer SR AR SR oL L DeBed o ey e s Pl prevent
or ifHiSi¢ BR FoMRRioADI PAMLRK n@qlef&hle@yﬂl@gm@%ﬁfe@ur e. In some

cases, the photoresist mask is devel oped for a

[00% af}'ﬂ)ﬁ(%’]allé/\n éth 1?1g 1nv0?\heg ?%}%vglﬂ‘% gérjre aﬁlﬁ aré(re:l)so %fe t%g c a‘g’tat 01é1F rnaltlerlal that
arc h& pa@pite@ty te miaa)r@imﬁlﬁdmﬁg atwl@shétt. I ﬂﬁe;&m{ﬁzlrz @ecscedure

can include, for exanple, an organlc sol vent suc

etchipgagantbs performed for g shsation avitae range frosvehaypd mippte to about 20
0, tdoe
minfRL Y0 b5 S0 Rl P EARISIED, B8y pame
ctchig dﬁgj’eaﬂmeﬁr@am ar 80% ceitalbotyisarmhomlhﬁl filvoido r(TéBAﬂ) cicaye rSOIutlon

at mere x 0S masked dur i ng the exposure
for éga%@g@s il W%S% To ot P FEYRE: it IS RGBS 18 an pifggsonic bath
tank, §p§6’1ﬁlﬂ§% de&s Bty S0eh ﬁ["oe&ﬁﬁiéjsrc%n h%Htho %ﬁﬁﬂpla%mf&qﬁ etchlng depth,
cah be spin-dried.” The nask may al so be al

w1t1t mlmmluab(dafnmgeao d @hotoeadlspmaslo@rufg thé¢ mtehing msamduncasEe@ung can be

t he k jis aIIo d to relax at or room
follg R g Bnst ST avSh] B Sinint. a BFEHa TR aptftsmeg or
threBnfihites. t%eﬁﬁ%reﬁ& h@Wrcan b RA8Rled Kath LIMadilytape. A deionized water

addi tional elastoneric |ayers can be spin-coated or
washehebokpdicd pptineeptionelly fné mievisso §@9k1|ng dresedyics gan proyide
addl%o{l?r:[ﬁ?ye’rs %nthleQ gl\a{Fto%%}r ! n%o?nae\c/j:%%pas .'El(p acenp lea esrs %%her? P%%ne another by

a range rroma rons

waylofdfiter1syce dondieg deposi ted on the photor eS| st mask. The
el astoneric coating can be baked for a duration within

[009?74"315‘@ ¥ 1'1195& Qatﬁ%ﬂér p%&gécﬁgr R ou'it c%ggyf%s sg6w§here with

erature |n a t o about
refe&(ﬂ@@to tha "Ad aﬂowa,sths firsa ntamat canfld/ Yroaofitst regcticn charnber 140,

g T B, SR ke L1 Aot R 11, nd
1nt0%%€d?1d r8ioh @HMABr MRS, wh&e tROMYMInERFAT da¥i-contact the second material. Tt
is understood that in some embodiments, the second material can flow from second reaction
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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The RTV | ayer can be deposited on a patterned
phot oresi st |ayer, to help prevent or inhibit the
w0 ooogaedsec of pi nholes in the underlying el astRPEEDS2009/040104
[0096] Typically, etching involves renoving certain
fronh @RSeP¥all D8RG5k PRI VAvd BB URAHel fidh cEABHAMAL the first and second
protected by the photoresist foll ow ng devel opnent. In
reaciinn ghamprirad 40, J 26 eesdinropen Sushiomymeeativn byevdyorirthelrcrotionachannel

. . : f b i b .
and S5 o0 1R el PR SO0 oAy PO o s more

highaP présspRO&rd| &ivahe wiat@ R0 Conthiaed BXRPI Erca@ldhihBMbERID D the pressure
carried out in an 80% tetrabutyl ammoni um fl uori de

differpprgtrarehelnsmiclense or or intsrfae: @lve Hiz diclyedlyosugb gmessure
gy ORGP OG0, . v
firstanacigal us scatally bgictied Gromnur ehambenaddbinte etehd ¢ctgnbeptthus
squi\gtlilimyq g%egb}nu gﬁpngt%relﬁtlowﬁ%%gg%mm i géi‘lglgqq?lgsmk dlan-rtll%%geaérbdechamber,
wheﬁj@{h% Qir%tqﬁiatgvgél%ﬁn WERRe it p?ﬁ%eﬁt@% U ﬁtﬂ%%%c%ﬁtrﬁéteﬁ\ﬁs I@)ften, the
Is perforned for three mnutes. The ot oresi st mask
presende, bleseneayov exdentidf any dlaesor bettvagrethe Airsteind nécoad mveitreals, or

: sh can b ppl.je ajn, optionally.for, 3 mnutes.

vy of poBBRbEREaH Hrotbataft: VitbRar e 5fion chamber

can bB8h£h@SHRUBEon firMed UBRcKAS slsquaﬁ%@&s\@Insb&yi@ﬁﬁoa%ﬁe with a
to one another by way of interlayer bonding. [0097]

readef,Gens2r.i drimegingdescahdl han imegispdetice B0taaundhdamiamera,

one§ b A S DB b RS RESRRR R ey tha i

fronk @RGhbBeiC NaRbRE cAd40, the Mhatghdatice deddetdchémidgbn intensity output.
reaction channel 170, past interface valve 162, )

Excpyptasy gragingadaviacs agf geadar scliugensduitaie far gise eihppbodinymts of the

' at-ert al ont h
prost PSR ofd SRkl RTLS P ARG o7 802 18uBEBER by 11, 2007, the
confichieofSweltioln & inadrperiald hesdin by esfericnean Ia 8cmn dasegacitch@ivn within a

chanber . 120, through via 111, through_reaction channe
Chafi‘g?i s Eeﬁfé‘tta‘ieﬁﬂ% it gy Fepbodimeriyhhg PEsqr nvegHgn cncompass

syst.tblﬁg @nd feBlod§ ﬁﬁ'%ﬂxﬁ% &*ﬂ@i&’ﬁ% maft@iafd b @ith SHELES Where such mixing or

rough reaction channel 0, the interface channe
reacti6@ pomrdives svbiveanpdf 8 vaagy pbdesimd scomal dyetieg heatmg protocols or
th va vedlgﬁfr$q1a cl osed valve state to an open val ve
erapab grRdeplgadaliisén conditions, the first and second
reacti on chanbers 140, 120 are in open fluid '
[0098 nrkl(r- e lugfratepya peaspeetiva Yiewrod aanatar 30 Anvieg famgnit igells 300.,1),
Vi a When r exanpl.e, .material,.contained.i.n_fi,nhst
300} 23000 40 308 Ep FATRHG TR LSS Bl GO il 308 nctudes o

pluradyaififire chondsht 330[,3133094 piungily bhfisse Bohdon ealetd B32, 1), 332(1,2),
chanber 120, thefpressure differential can help to

332p0) dtsw» @bty af diréohambers dtle n1EW 0. REFEL. odt4P 225 A PHTglity of
e ti e o H
SGC%&%?IIH{G?S ﬂnO'&f,g:l IS(g)I, b. gh.léﬁtﬁg 8% Qé‘c!ohél gsgfa‘?lomvéllvﬁg3 %1,1¥ﬁ29(1,2), 3 12(2,1),

rst second materl a
312% by s plundite ot sdcond cliantbeed 3000y, 82@ed)) 3 ofif, 8204 4)rsplurality of control

ch r i nt econd chanber, squj rting ,
Cha@w?@ﬁ)ﬂaﬁg?@r & pRAALR AT X e Grangbsclias kb erdndre Hlureity of
reactiBR CRATMCH 370, 1,087 8538 , NRTHES. . 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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where the first material can diffuse into or perneate

t hrough the second material. Oten, the presence,
wak®enaes26 or extent of any reaction between t hBCEUSRDI/040104

and second materials, or involving either or both of
dendifEfothAtSthr ﬁﬁ&lt@e&ﬂﬁ%h@bﬁah@léawfm 4 PiuRalfth 6f f%ﬁg&fﬁéﬂ for example,

reacti on chanber can be characterized, confirned
ninagiesiedPexsamplesquitntingtyedx 64) ragprtst i on, for exanpl e

with a reader, sensor, or imaging devi ce 190. An
[00991801 G0 MigidicCRvitd Pet@Bs buthlay @BareBATETE, clapiic)atd often at least

havi ng a char ge- coupl ed device (CCD), that detects or
partipdlyiconiaied aplpddedhr farmeddyfar aribimenceranesrlay rnolsgrglastomeric

S, | et

bloc‘l‘f{aStS&gn Sﬁsts:l}gxévid{iﬁgl% \{}rglt%%ltjezlqcee t8%1£]e ﬁf ea%oa\%\% gg%t %%rtl d‘1al succljl asa
reagteﬁcdfalnl W&r@lghtaﬁiﬁ]]sﬁcﬁaﬁnellﬁsé(l)\{\pﬁdﬂ oeﬂmghrmpdumhqf oftfixet isolation

ti d U. S, Pat No. }
a3l 338 3 o e BB @A HbembcE, Mlion fabe hgRspectively
leé’Wl's@ mehsreﬁ@@&re RQ gaRt ‘9@” t&%@z‘s N g@éoﬁ@ﬁﬁfeﬁgpﬁrch IaQ a¥ t can flow

cases, a reaction within a chanber is facilitate by a
throuplen rﬁmit chgmiebBSO(gErmstobrrtmegh ablurdey pf Es¢ molatiouentvienB32,1),

332&2{ o 13 oa E\ﬁllfai]]%ho%ﬁré er 4@222{, gﬂ@;g),ﬁ:g%eﬁ%&eif Cfnl sothe

embo8fdnitd) ShaksrREELAOK EFob g ﬁ}s’tf EnaARY 330, Panidirk€dh¥infd] 330, in the same
desired thermal cycling heating Ero ocol s or thermal

diregiiendi laspmawddodnanss, n[aoﬂ%ﬂowurgt Bugh lfiggchatnes 3¥0q) travels in a

direCt ?(?rr}s(gp%%té%e}(/ r\rlll n?é’y%ﬂ ( Iowgslg {hﬁﬂ'@?%%?t) C%a eg 3%%( é&/’ 51)1 %eference to the

"Blakfrawgecthird rrtamlan oW ABRGatnipe @@Iﬂmﬁlrod‘ghtarsemi’mlannel 310¢1), past
includes a plurality of first channels 330(r> 330(21

or thyopgh 3 ahur%h;y of quPm%tSOEagam ¥elvend Maliy 882@a20d intp a pdwatify of

Seco%%d:&%%lg%l,% 32%6 133?%);2:1 ,g%EB?%lVI% }é{@%&&%ﬁf&%ﬁﬂl@ﬁg ﬁ@g:@pe%&ﬁ invention
provadle ﬁmoﬂuidmhaﬂmeql&s 3h0fcby a rddtOfdad kcan be ﬁbwedithrblygluf cornrnon

second isol ati on val ves 312 2(
passggo poirgk ofp ehagpely such a%?ecggé sl??dﬂnelr%]%e@g gﬁ@e.p rsﬂlty o individual

bra&%&{ Aterﬁkm 3%#9&%114 cc)mmgr?- BGRk, ?s)wh Qs ﬂ%éérlé}hﬁéhyCh‘aﬁné}%hfcm

channel s O(r> 350(2), a plurality of Interface
indigidaaliyefesd %G@ec)o,nd Bﬁﬂ(ﬂigrs 320 k), B20 o aﬂlmtlyrlyafwﬁlmauﬁdrerma to the "B2"

ool LGB Ayt St { Rl Y rnaganl selfed futhet 31bo pestor
throﬁ@lb @?luﬁ‘ﬁ[’tg of icdhll ASRMoNERELN3 P%B 13825 ¢ adiRintoOa Pﬁfh\l’ﬂt &f second

ri x having any nunber of desired unit cel
cha@h@tﬁﬁ%@ 2):&32!991% rsspecityelyndn gerae gmbedigisings, @@tquglsa}mfaﬂﬂg@egh
secon ecz%lrlﬂe?%(\)ig Pd ggcoﬁg SH nggl 3 1’@?1%%% g%rr}tl)eto glr?? ?:Tisa th? %ontleh €
emHoaﬁﬁéﬂm Gnaterfill ﬂbﬁlhﬂgt t}/lrdmfghﬁédmkieﬁarmd Bll(lill) plavigl@ld 4 &urétf[lon opposite
eagents, for_ exanple, njinety-s M&QG) samples wit
frong rlwgqrvl Bpwinegbiough sgsond §ha1{ne§1915}z> & YL ing G- &ema&eélal flowing
throg?aF&Bﬁé cﬁéﬁ%@l %) mgﬂeﬁal Y, 1%%8g%g%@§éé?hg?if&§ d“aq &%) Gtavel in

east partla cont al ne
opposingwlirdution© gl ”Oarndr‘r'Mé ﬂeﬂ}eeﬁsely)f Hanceelwhst tragimganddtiplelsamples into
here with reference t

80. As sho the "Al" arrows,
an clasfoqmegic 1%‘%%3? blgrk, saR syaplss FaLRe mg‘éﬁ’?gfq“%gli muaagmss on one
51defdf e p1phe '&H@ Lord8Carhiple PERbeARtrbdUcRY R o@tPotfiRd 1ifds & an opposing

first isolation
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

31



10

15

20

25

30

valves 332 (U , 332 (I 2), and into a plurality of

first chanbers 340 (i,i), 340 (I 2), respectively.
wapneneeses with reference to the "A2" arrows, BCHESWNY040104

material such as a reagent can flow through a first

betv@é&ﬁ'&i’i‘@ere&%@c(eg)of tHRAFbcKO hlotr@géihgﬂ@ I‘(ﬁltl@? %‘h@i éatn}’beQEtrBlec%& into the

i sol ati on val ves 332( , into a
bloghl (romb¢qugnidy, afgreaier mmdqebgf sangxl@s( @n|be)ana]321@( within the block during a
ﬂné Sh %ﬁfvely In some enbodi nents, materials flow
HP'SUGh i rst channel 330 (|) and first channel 330
I the same direction. onme enbodi nent

lﬂléﬂit efa allow Flowi figm therriughtys erfﬁfﬁt Célﬁm%%()m@ 3@(2)) infor tho glugality of
first rgac%togl ﬁ%ﬁ%%?@%@gf %%'OUW f[z'ﬁé%%‘lé’f s é’?\):‘: T ;a# e@gﬁﬁlﬂf Q488 isolation

valvas B85, 3321 h), B2 NRtIBLi,alis fLaho@a xals&arqné eTe altow flow from the

it g.secend Spanity SBUT. bt b e S L
320é %OBQO@ Z?QQOJé 8% 9203‘2 §) bR thy Rﬁralﬁi 89&%&&1?581% fbr Valves 3 12(1 1)

respec i vel Hence, o I men
312qh), 3 He, pr3ddentis 1nmnemen onlvprsted. dBo picgendfok lIlhlblCﬂOW between each of

technig wher eby a,mater.i al floyed thr
the BRFaEH L B GE G ohe PR 0Pt & SfinaroC s cas MR
corré$RnaRk c3dMeiphit R plidaftyPo kel reddtioRfchhmBéry BQ@@J), 320(1 2
branches stemming fromthe common trunk, such
320pmadidhe. ¢ haeurehl theinporedspomding ctuméﬁrpa}ﬂ 6féfé1d pluselésy @é cf@ntzlon channels
3705 I(]}a 1r2§, égagglr %’%)\%{Sz), %%@%%czdveiyh e?’f‘hht ofJ tﬁ‘e 1)(/11%111\{\'I top 1n{e? ag%}zrggv%s 3621,1),

our
362& §5n3 62(201\1;/ 36n{z QUEBpRtiSE9006h & bl@@ﬁﬁ{zal{ﬁelﬂétg) Unldalsducﬂ E:ondltlons first
g@ urality of second isolation valves 312(
char;z)el 3 geszmﬂuld awamumcat@ with fisgtirgagtign cl@@é@bﬁw{%mw@éps 2), first
AL en
charf RO R AL EGbN Rigkion BRI s BERGH RERGTs 39T 3435 5. sccond
chaithel (@), id in fidid ceamanduti@civitb 8ecohd reetien elmdnatebir®2( S, 3202,1), and
terial ow ng. t hrough second.chann 3.10(D travel s
seoqnd chap|c) é&¢<@ oht %g‘?m URLCRHO it §?%ﬂnﬁfr? é hamphestigtPaa,
320@ ?)C eMeld ehARRG caBdPb&vecd birst Bﬁlé%bérmﬁ 3?40 aﬁ)"(z 1? 340, and
ow ng through second channel 310 5
seaﬁhamwmgmsBQ@ugh%KBQQﬁEO@haﬁﬁbb»3$ﬁaﬁ®¢btmav@hupmd
opposing directions "Bl" and "B2", respectively.

[0101§NCE firWhRAcri D26 BEIoAHEL inkd ﬁrsﬁfﬁapﬁ(ﬁﬁcﬂaﬁib@rsaﬂo(l 1> 340(1.2) via first
el astomeric Ia%ered bl ock, sone sanpl es can be

channel BHiuc édser gﬂquald@n iba éoadpd &yo é‘lmst aerstign geanliers 2,1y, 340022
via P 1|rs9 &‘ahn&”ﬁo ong tllsll?ad%atee%afcan be?oa ed i glé!%ceo%gtr&rc 1019 xf.lillambers 320¢1,1),
on an opposi ng si I

320 |1)|V<i1al\§ec6ﬁld clemnelva, di AideUrﬂUﬁlht@ﬁalean bl ac:Rlae irito 9 cona fgcton
oadlnairoute | ines on opposite sides of the bl ock,
chaiphers 886 of 30acyingecard CB%HI%%%W@ afptienallyatich gnatesiplecan be loaded

into the‘ n?JersI lﬁ%@?c@ ishde seﬁ:ct&h epéu%: kCorﬁgn %ﬁgt&‘ﬁ) SR be
t ot a of e sanp e rout |ng ines are divi en

actichtéd @r artd tmnsfeﬁn oficht dfefirkd 1&dkﬁomﬁl&s§éﬁ@ he3 30Ut atrd;]second isolation
llnf% gﬁr troduced into the %k Conse q ly,

valvgs g by b 4B PPN HEY SR 1519 5H1YS datewi R 13- sgntrol

chaMe‘P 850 %%ﬁ pY aéilvﬁieﬁgﬂb &s By R5RMHEeach Q#ﬁ{%} isbRitidh IVQWe§ !3372’(‘{ 2 33202

from the plurality of first channels 330(i),
and isertond tisedatpinuiabics 8Y2of), 312(22) 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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first reaction chanbers 340(i,i), 340(i,2), 340(2,i),
340(2,2), each of the plurality of first isolation
W 20083683382(1,1), 332( | 2), 332(2 | ), 332(2,PGT/US20091040104
an open valve state. To allow flow fromthe plurality
[010:2:] SERONE 16 Ranaeins 1 Betﬁlbf)ctlvg’ %QW( (?f)rnétﬂk @OD |B§V1ﬁé g lunttXells
second reaction chanbers 320( gt?e 2),
30062)0%@(112) 309(20(20022)2; @asiwwofhetrmyltblr eﬂnpcgotbf: "Abewnws, the first

2
matiria? fali OYV ﬁr/qnﬁ ¥§S§ r%aﬁgén Be’r g {.;l(thﬁ%‘)gg rreéa\?é%rg c%apkél 39’7 01,1y, past
intetfBéd Wilte 3620w, bRd MRS Kecond fba@ﬁoﬂ ERnfYetiB 20 4 11; Wvl%fre fhle bt material can

reacti on chanbers 340(i,i), 340( | 2), 340(2 _)
contagithe thpnd matgriglh diorallopt Sﬂl@b @@Wdﬁhwgh Gestien slaeﬁmelo?f Oihg the interface

chaflct5 53 86 RS R R EBITRRRS veleTabh Ll bomPlgsad valve
stat€ umt apep atlve fatd. Heéndulr wiichl donglitiohs, rf&a(rba@]nn@ha’ﬁhﬁlﬂo(l 1) and second
370( 70(i 370(2,i), 370(2,2),. respectjvel
reacligp ﬁh%?%qrﬁgogan@feam flyd a?mnml@ﬁ?l%@a\y%ﬁ%% C%@ef 370y, 1. Often, the
pres% ge( bpsehe %pg)(tgmt'&f an Q'gmg%e %ét\éﬁmfhl dﬁlaieﬁa@ within
osed val've state. er suc con |t|ons £ 7 st
secanldanmlon:eﬁﬁnb@r)320§ pican bb gonfiromdndeieatat, ioo quamtllﬁhdfoynMpectlon for
r %Ctlﬁ)n chanbers Sglg (i,i), 340 (I 2), first channel
exargpig Wl ¢ eafer SERSET 2dfmuni cation with first reaction
chanbers 340(2 | ), 340(2,2 second channel 310(i) is
[0103 fWuhdelstmae o that'BOATows.H @ﬁrﬁbﬁ@tar@h@qm fow éio { kpaction
Chal%lﬁ% (j4’06 thr?ﬁ?% Iea ct%)h cﬁfuhne?g Ao p%gtanq criges %\é%%é%(]sz),ggg nto
secdnd4}actidr @h@medr. 32641 b Shere Iﬂiﬁlﬂﬂsﬁﬂlhteﬁﬁl &Iﬁltdbﬁtabt the f&irth material. To
chanbers 340(;, 340( 3'3") 340(2 1 ), 340(2,2) and
allowesgghy ﬂowﬁmyg}p geagtz@( ghain)lel 90 o thegl}terfg%(l@nme )360(1) can be
igpL er
scti P £ o (ARSHRE ATl 260 P Ssed PHOE ka0 0 f Bben valve
stat8340fderishch Gd{tions Z)rst\/ﬂe@ctfomrcﬁhmbha%@@ L) @dGe¢dn)d. redstion chamber
second terial can be | oaded nt 0 ; | st éﬁaCt i on
320¢ pigfin iy iS11g gpmpyinjcagion é%eetcw)c #1005 @Hgthiq presence,
abs330 (A kextehit & n%IQGJEWoﬁ 'Bb@\Leeﬁ ﬁ{b f{%t A.Iﬂatgﬁgl n{a%rfélssﬁfﬂﬁﬁgecond reaction
reacti on chanbers 1), 320(2, via second
chambarifél 3 ah OEicpniivnddo dttbcttedrwlr qnmaiﬁedéxy ihecttoad éat dxample with a
d_féecond r ﬁ?ﬁt ion chanbers 320( | 2), 320(2,2) via
reacsbebirgs nel 3 10(2). Optionally, such materials can
be | oaded into the chanbers under a desired or '
(0104 eWithdelisraage tor the "Contrews, thhsasaed maBpial ¢an fieyn frpm first reaction
charn% rv3eélsgzg)gglr?ug reac%@gfﬁnstef Eﬁ(gﬁg)%%tgl{étg% &I:S \téaé ?é%h), 2 into
secdﬁﬂ| r¥&sion I;Hz(mber|32l)(g 1)3\11Bér2 the JechbiiditaRFiabR@ToMALMAc Sliaf @aterial.
to a cI osed valve state. Simlarly, control channel

To sy such dlgw theough reactipr ahagwehd’ Gog), ﬁhf‘alﬁ?r%ﬁffﬁf@&eﬂ 36P2) can be
act1$dt5<F§o 4538 ltﬁh 8 Y@é% lv%g%(S 62% Q)f {é % %(0%6(‘?%1@9 28630 gpen valve

I'sol ation va ves rom an open
state/ alnder sttt entddions cﬂimistedctmal C\hembﬁai@(z 1)| andtsheandwayctiovh@hamber

mat er | s .can be.canfined or i nt ed, tionall
320gndes “’3{118@ Somgunigatipn Kiarpaetipp g %ﬁ%ﬁg%mﬁﬁ@ [ﬂeﬁmﬁence

abséfllcg orxichl 86k aL&SioR @@Mb%ﬁ tﬁ%eﬁl‘%pﬁﬁitthl\fg rﬁé'té%i’é(lsoxletﬁ'iﬁtsééo?ﬁd reaction
0 having fodur unit cells 300(i,i) O(1

chal&b@r(SZZOtz)u caB (0@ (canfmedadetsttoduor Iqearélﬁddtuy 1nm‘eetmum£® exemple with a
qtﬁ afonows the first material can flow fromfirst
rea 58%?6%% Hanmber 340(i,i), through reaction channel

370(i,i), past
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interface valve 362( 1,1) , and into second reaction
chanmber 320(i,i), where the first material can contact

W@ b@otipised material. To all ow such fl ow thr oughCT/US2009/040104
reaction channel 370(i,i), the interface channel

[0163 0 (WithG@RrddBe AFtht VB! 80w, tAS sdcBnd HARSTOELM W BohAGSt reaction
valve 362(i,i) froma closed valve state to an open

chamb¢ndeOspia theoudbrrdestioniehinred At ¢ 4.anst, infer faet valeadqAaon and into
chanmber 340(4 ,ilh,and _second reaction chanber 320(i ., | :

scodd 38R 0p fitiberaim wAFR IR e dtf kB AR ERG R CRC Rurld material

To &6 suchlow BEJURA redckien PRESENTE), , BECiRGefac OEha@XEISH0 ,Pfan be
any reaction between the first and third materials

actiyigtehsnasde digptfore drenfans velanvér. »3omn p close¢ ulvpetate to an open valve

; e by | i ‘
s O TR, iS5 i Rl AL S, RBRRS o Shamber
320p efae¢ BiNfhEd tomtruicaBon aiarreassion channk! 32, re®@fiei, ahe @asence,

flow fromfjirst reaction chanper 34(g(i , 2%, t hr ough .
absqiggricaient éFaC@‘?BEOFt,“?)ePt prth AperqegreMpkaripls within second

| r a : ,

sl 0l B BSRRTLL SACAL 00 GHARHE) b7 gk for
withnateadéralr semsor a90.ow such fl ow t hrough reacti on channel

370(i ,2), the interface channel 360(i) can be

(01663 | MAbAR cBibodfndis, tHABShOKAMtOM SAITAER Ml BmSBRalvedhay be used
froma closed valve state to an open val ve state.

intetghaiegeablyc P imdadiy. thotesms fiterice velae nndreacthemrdye B4 pe psd

. and second,. reaction chanper. ,320(. are in.fluid

e PRS0 & PR eaR byl Bl st Pplod by any ot

varittyfRaBes @Eeﬁﬁo@bﬁﬂmg or Enfixtatiohs. Of xchiplayeablel s9Btems and
between the first and third materials within second.

techpicaies paicheraBl puitdgor use)wigh pmbedipgptsiof edresgat Breripn arc

it ! on. et
T ELLIARE Y STRSENCO s0hHETRLE M g & o
hercantt bpweferehdre Gfeannechmeiles iiadludean dldsooméricoporfion giat, when actuated,
reacti on chanber 340(2 j),_through.reaction channel
deflgepy g0 f yeceppgitor ieﬁ‘l‘r%l’lfga%g%wﬁaﬁ‘ VEEOYIGR YIFW ORREPS pigcgion of a

micRELANE dERECHHPOICIRTS B3R indldes %ﬁ%techﬁﬁ%l §F@ ORffirst sample

material can contact the third nmaterial. To allow such
chambenp40hn edght layeadti oharcblastombri@BIOCR 580,)contrblechiamiad 56@erd via

channel 0(2).-can, be activate .as t.o, tra orm. .
S1IFH breaed e v 3t Faryon e S?ﬁa%g&_nwaﬁaw SPattd ipgfation
valVaI530REA bY At s8tas to HAHEN orP&ent ABW ithroQRS first thahinel 530.

reacti on chanmber 340(2,i) and second reaction chanber

Actgpppfisplaioa valyefBdican surtvgrihe deflashon phan dasternertc portion 532a
. . channe 102, 1). N th re ce, absengce, .0Or
o JBBRS 537 LG ot G Beb L LRl RE FRpaR IR et so0. FiG.

5B ¢ty ahathsr sMid Yiew o3 e3P dedti®a off inddroAnRINDESviczARtZell)500aMhe unit
be confirnmed, detected, or cluant ified by inspection, . )
cell iggludes anpmploghember 32048 rfirgrlagaRg bra @utrof ooyl SAPrapd via 531b in
t t [1] 1 . . M
o RS RS M i IO TR R R0 512 cnt
actuaedcia oo chidbinet pravént 20R) thrqugh tsedontl ehdraee 5 WAl Aetudeid(cf isolation

2),..and.into second .reagtion chanber 32 g %%% wher e
Va1 2 R B D7 e AT SorIEHOCRRRBh ) 7 i &seap 311 of
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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To all ow such flow through reaction channel 370(2, 2),
the interface channel 360(2) can be activated so as to
W@ e@nstasesn i nterface val ve 362(2,2) froma cl oREUS0Y¢40104
state to an open valve state. Under such conditions,
mmﬁl‘tafn%@)us'l}e @éﬂe‘c%‘ ﬁ?sj’t‘ anb@mead ?Gglo%hp%?d HeS ARACKLA61930Mnd a second
nber” 320 are in f communi cation via
elastogsrmm ot ar@ 700 3¢cond chjrm@hS 1G. r@ptpmggg tlgecan result in the

Confa]r,i[l&neélg 8f’ Hafaﬂ%l% 8 grsg ma,?etr?/%l glcaoplgt (r‘( I}]({ he ﬁec%g Plal'gerlal

with3R @ 6&odll ch@atibdre Amvnt)wme #1GOSC eitsechandd] 5@0 and kédoad chyhnel 510
i nspection, for exanple with a reader or sensor 390.
cacly pregBI a rectanar evaAsHERCHENt 51 Sonraingienges. GEer ait hash o Bicsechannels

cn SR TERL LBLE TR DR 0L S ERALGRARL o

chamell 980 amyinbertadseih rophrl toacugdahhiynel SUkh val ves can be
actuated or activated or otherw se controlled by any

[0167] aFi‘@@ﬁflbﬁst%teé’ é‘hﬂ&oﬂ&%{@&e'v% d581LRAHGIn8 "o embodiments of the
confi gurations. enplary val ve systens and techni ques

presahii iokherdioe. Mttrlémamdab dotivenad drom Whllse@ﬁﬁo@m&hd:lsstoxhemctfelock 608

thro! Eali?é?eﬁgatlgﬁg %\rl gorlltjrllﬁg T]g?%gmt ﬁlil‘i{. C@% (gqpﬂgt%?m% dgvice 65’9 m a plan
view . NFREBALRNESEVIRI 0NN dds@f BbR/AGEE0H IR htcSHER pYA&kWE Sccumulator
i nclude an el astoneric portion that, when actuated

welldé0ll @nd 602, rereh baviepe@rseptrdr 6@3@aﬁ%Iﬂeat cpnt@ns a/szabh:omhats a check

ValVS h :i/?lcrofﬁllldlg r&swgerﬁ %C {ncR@F of neﬁocrlm.u%}rrg wells ?%bs s(?r rgﬁ Y]ln% Imaterlals
suctb@saaiptksfor i&dgesamldene vamdes cidhels Br fbufulng $ihed diygise®Bdtween
of an el astoneric bl ock 580, control channel 550 a

nd
welli6Q5 gnd pn glaptamarig blask doqagigr POBghsubsiwe §09- eéetellaéwmeﬂc block 608
can ggg&gﬁ %ﬁﬁ st et ddlorf cl@¥ 6l né%%gk'ﬁpca'tlgt? g | EBS%Q‘{@?{@ block can
an be actuate SO aS inhirbit or prevent ow
incltudy eegdr nhore Myedﬁmﬂuston&ﬁ?ﬁ maetial dialviag nitrofsheicated ecresses or

g Ry Bkttt ST 5 bR SR v
a VaF%/r dffvdyRY €br é&%ﬂlﬁl@ ¢hdeSoh B EhIHAE BarthaEhe EEDonfddGvith the

B“shows anot her side view or cross section of mcro
Subtfttaltﬁ dincoue cass, thabtock éd dirds@§ boidhel tarha substrdte.i hcdontbesises, the

o RRBISEREF irbriee Sy ThopieuedtGhatiayar 1859ne Sigs dhe block
is cpERNFitle BRNOBrage Wih A adhdsRiel Atk @lasRBriclbidkadog @i one or more

val ve 512 can be actuated, so as to inhibit or prevent
charmedmntfhmcbqghmw@@tm wihanepr @Q@ Vigch llﬁ*awﬁlmh ipfurn prOVIde fluid
comn?u%llc% lﬁer cQ ‘[\\/Vaels\o/ﬁ{e e]t Zst(%%%gzla O agnér'le hlegl(.:ﬂti rao Iel%eroi% dHeIlCG,
the sbamnelchimblls ckh Grovide ﬁthd%mﬁmiﬁdiﬁoﬂ beweor well96@5 and channels
section which is orthogonal to the side views of FIGS.
withgm theplastrmnerigsblgeni ct ed here, actuation of control
channel 550 can operate to activate both isolation
[010&1I vAchidRsodwelsob(Ht bahoftal weludd RalvEo6 1 levdprepectively, which can

be RGNS A0S, REeesuL ey of f1 Ul d vk Ll o cont (ol channel 1or

chathB&s Beb LADERYSTYIvEled 11861 A 2fakd StuatliasdiQusr ﬂe@ep‘?&‘iés' @99 and 603,
upward into first channel 530 and a second

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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el astoneric portion dowward into second channel 510.
Optionally this can result in the contai nnent or
WO s@barison of a first material within a first PCEOIR®9/040104
and a second material within a second chanber. As
self%mgmg fofeeloF B ek TdIVS &h&@@mﬂmtﬁﬁgrme §Fﬁ1%§‘éihr&ﬁaﬁr{ﬁé
€ach present a rectangular cross section. |n sone
accurnlsltaf@n cleambes; arireducorg fhwd praspure kewfeingéh anihel e gegumulator chamber.
present a dome shaped cross section, where the dome is
[0109T | SilMstriive OO bed adsdcibrd fcbmpbnaitampe be 8doicand fiomves1y@ers, such as
with regard to second channel 510. [0107QBFIG' 6A
polyprrmyéqneap@gethylﬁv% petyicaibane dugh-densggpolistoiadiong t o

o SPRYERH R 1% TR 0SBl ey

metalbrsaoighs passageordic lileutAmgof d viertyoéflgasest-liGuid@Br fluids can be

. depicts mcrofl ui devi in a plan view.

intrqgER G R, S@m@% lﬁ@rlgéié In somissGepen ¥algerod Wiang 612 can
be a'cfﬁtafeg.rt@kggasé’ NEREHESUFAC C(ftHWlétlféﬁd We1dk 9 8Q%hnAMH0 84 mbers 615 and

each having a receptacle 603, 604 that contains a
616y &lptienaliue poe®nafchietiatozlMencdvh threoflasordére edk gid®IP7 can be

al so i ncl udes one or nore Ils 605 f ecej vi
trangarely gor%mesa?esp%%@% © PRAHIS Y & Hoghite o)ﬁgcugﬁﬂm ghambers
601GRABOELS B infMKHY bHEmuhREGoTHvER REAMH cRRILWBETR dWR klaStoBREc block
and an el astomeric bl ock |ocation 607 of substrate

regign 607,And altasatelivewith chiroek c@0Binsdnn blestoogpt &tbolwitpR. Accumulator

openg#J bSt r b6e(ab11 gj&% ef%:ag%ltt 9}[@11% aon &\% - 5%(#79@62?? tge ont%q,t of which is

mcoebcaatte@ MefirCbyRif@ehad! 1h 8y 8 gasab, &pefatibhi b€ at;mlmeg SR$HSBS control
or channels fornmed therein. Elastoneric bl ock 608 can

changiel & B@WiRi it F16u bstandean@ipntechorgoptratedby; at pespgpugtor.
ways. For exanple, the el astoneric block can be
[01HX]t aENed itlustbesdtediond i dichieview 380 nedoeding o snlmiimastesf the

the bl ock is directl onded. t he u st In s
presgisig¥entiofe Devise ﬂ% |aéaﬂw? O£ %ﬁ g@ A Ship %béfrf%JtSO
Cantlaeorl{ﬁt%leof I@Hclﬁg&easbblﬁﬁh& bF rofitky MRS 2 cBHﬁglﬁE(bekallo% flow from

coupled with the substrdate wth an adhesi ve.
carreglr astlo pyard chipddk. F08exaneplomeutorg lmes disphsedrval the I Si‘ 51de of the

carl o4O, 2 R Rl B TBRE bRt e i o
the SdrAst QAR GddIReke FRAFORI Sea %é‘ﬂi I SorBeBELS, 3hB Isl@&ﬁﬁ@lsé include a

Hence, the substrate channel's can rOV|de fluid
plurglbtyrafmowting lms & wWeerrtxaRip|cs r@BE élnas ehtheelipscapiprenige material

trantgg)gt eI} R 8lp C bcla 10 At%cl) ?Jin lr%tlgcr:atwg oloca]flon D. In this
0] en |n val ves ) respectively,

wayWh ip6Rio @R tl&%aﬁﬂﬁ&l{oa&ﬂ\bﬁ& the l‘caﬂrﬂéf Eﬁdiwtteﬁgpc&mdl tB 0 A@tiB® E of the
gas of fluid under pressure into accunul ator chanbers

chipg qud mhfepeﬂloyaqf\ﬁ@%sa@lpiqs lgpdpdento the cagior gatt etransgeided to
locaﬁigng B%H?ﬁétﬁaﬁﬁﬁdf su2f (gha(? Q&ne Eﬁﬁ]@@ (fst oX@édyat oﬁ@ Qo?ﬂ‘%ib ock, and

eep | present in ac ator Chanbers
soma rsaimﬁ]]:ﬁs Idadedatcantpacsing gide af thedldrk]lds antetdiZusdad eosire with

referencggolﬁ(gts valves 6 11 and 612 may be

[0111] FIG. 8 illustrates a microfluidic device 800 according to embodiments of the
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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mechani cal |y opened by pressing a shave, pin or the
like, wwthin a check valve to overcone aself closing

wo 200026886 t he check val ve, thereby pernmitting PE/E82689/040104
of pressure fromthe accunul ator chanber, or reducing

carrfdr @h@pﬂ%”vﬁﬁe% B poihad sedmpd Rhd rctutﬂlﬁg @1%6&1&%&5&%@ bn the "R" side of
chamber. [0109] Sub3trate 600 and aSsoci at ed

the @emprmemr@vlﬁﬁor e 1faasngk oaraagertr dvh spoWy miethas illystedtions24 samples

on BB P o b itk RSP PL DR By P anotes toaced

into Wd‘fﬁ a@ﬁonEQSU ﬂlﬂ\( fo) the gpRe Side@faid chip {IERASIPRREBEmples loaded into
materi al s silicon, metals, such as al um num or

Wellls KRezoneke. ﬂomy) %@ uppay sidc o g,hed*hllgg@g half), ad gk sanggrles loaded into
well a'tJ E%%GSC Q'P)\xpfs% &%hggtgsgcgeegf th{' g?@ﬁi}%{iﬂél@ A Gfé]fg&c < rtciuglfl'é'r:}lother set

of r(afttnlgatnesi optioradl d&pesefdl atibdwithiashel clastoinoac Wosk, the Sd sarnples flow to
5 and 61

the bgw%rpoﬂ%c %IBWF’? F%tr? ﬁlﬁasgng%aeég‘leWée@l%léﬁé%@Wf thgechip (upper
half${RSE OORY, 1& WEKthE %ghpﬁdeﬁélﬁtgs emB Q%& anep aﬁfﬁfe Sy stples flow to

Sone cas e portl on may or re ectiv
the Aglatisidel ththﬂ' Cfnj)l tobyer kalH0 Fu&hd BOreagart poetiang ldddad dlto Wells at zone

R, f&%ggjtﬂlf; iﬁ‘g‘ &en %f#l;lte c]élﬁz%nmne? Fl] ;;eaalg\%ﬁt?mlr@q}ghaaéf g 1nt0 wells at zone

R, o toAthB @slydrRidR| ASKOIRS (161t lamp k4 6&%%%9%! 18442 into wells at zone
operation is described in U8 tent Publication No

R 1R00W 1bg §B91 2{dctdieh e b iDabi P Fesgenioortpus g into wells at
zong, Eéﬁﬂ\éfl tg ¥h [ ef de 0?’ th Inc{fnl%s)ﬁoxé/ﬁann i Tkgggfgceart% % ainﬂther set of

saco

routfdgQinecd opﬁ@fhll@&hi}i@@%&ﬂ Abedithin e Bslakhlctid bhyka Iﬁhe R, reagent portions
accunulator.@%Oll FIG 7 illustrates a mcrofluidic

flowyinvthe ko vrp aidsof dieditig (e halih Hii Fretgenbportines Bowde e lower side of
the %ﬂ¥ ﬁl@l;t'hgm, 51%??0 ﬁeﬁgeé‘g&}fggﬁk @a%sco %he%we aae Z#@igﬁfﬁ%gﬂt half), and

rrrer or

the Rpednydesfl@aw pd theddwerysidd ofrtbeithip grlghtrhaﬁ) 7E[éhdepl‘a)ﬁ1tlggl tieek on or in
tqg allow flow fromcarrier wells toward_ _chip 750. For

the gy i B0V KG FR4 ?Fﬁaﬂ%@ﬂoqns%e@&g% heQhip fram e doragjpn fpnother.

In tlﬁ?()vra&ee[p(ﬁ'ﬁﬂn Bf ﬂ’%'sgﬁ IfGQ [oaHQ@ah%l%%ﬁg %f ‘c:Hce cﬁﬁfm? |(@ 09" end) can be

routing lines disposed on the " de of the carrier
transrmteg socki dhet foome stahevlqolaé@aigé abcbnerse@gta“rthe blopk,sodsomasesple is

loa(%g7 IQP atgggpog%g He %t]ﬁ%@{)&ﬂ gs ?qﬂ@g a%%,‘]lllsts%% %ﬁlﬁlgxl/llitbwgerence%o FIG. 3.

rovide material transport on the chip fromlocation A
[0112 |lpsamicsmbdinagids. hrigieflusiaddvases maysontsgmblinshflgy chgnnels which
or.tion of t a Ies | o ded on
1nclg£erar regro\ﬁctgaﬁt fEIéCt%OIlgnss % 6era P %n %Sh rrIPo 81{ reac ﬁ?ﬁmd w or blind

fill, amdrefgrab ey filfiag bf @ defferidtebsanphes v&l'lﬂlaedﬁqiu@ Atheret ahl(iead of gas is
carrier can be transported to | ocations D and B of the

pushadi 19 froslh%thﬁ Iliﬁt“dst@#i@ @I&*ffﬁh%re itkat hegdhfcpagts ameedgr @ghesyise released

frorﬁltl% i%hloa);lr?g h%o ISC@gWﬂ t 11 @O%{s{%

em‘trodfrm‘res; @elyﬁﬁn&hﬁsﬂ(&an{e (BDME) Edtrﬁ)e @setdlak us Eraalbﬁ&ria material. PDMS
) crofluidic device 80Q. according to enbodi nents of

is S‘trpﬁél%‘il%%aeﬁﬁefﬁnﬁa%ﬁ A RIUIBBTASLIZAE! ¢ Ry PrIGEn dritehe ay out of the
chafikls, FRVRLEELMbp Rt FRe it 118G, 850.

[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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Carrier or frame 810 includes a plurality of routing
lines 812 configured to allow flow fromcarrier wells

wo owanezbsehi p 850. For exanple, routing |ines dPGPUSEA9/040104
on the "S" side of thecarrier can provide for the

sec&@%ﬁai%lsofn ﬁsmbl%tooa cht ARG, B8RSR IRAV@NhiodEh first
R’ de of the carrier can provide for the passage of

cham@é@gaendtsamp@ @hdiwﬂqmdttmogghl pdcasd elaninels, Embodumngitesf the present

“f? to%/ve zone %i'fﬁHOthtgthﬁ Ie{tffs,id%of1 d
invanfign 8%?0;5“%% 68‘?“1%%?5 fYCTC SAMEE NPT BT DEUED St Y W) fhentag's and a
sct df306ond dhbmveld, and RaganRpeflostdtr@fghtRt 6Nt (Haghéls Biad & Yot of

24 sanpl es | oaded |nto wells at zone S3 flow to the
sccapdsdpnnglde of the chip (right half), and 24 sanples

| oaded into wells at zone S flowto the right side of

the chip (upper half). Themapfeter, through another set

chalelt OUt 1 Ng 11 nNes,@R41 onal 'y di sposed [alpa@he thin the

firstch@mtc?3%6 1,C D! qyﬁA,sﬁfﬁﬁleﬁorﬁigﬂbﬁ% Tl OVYiIIstothaﬁl%:l,ls%m)g L 340 2

first qhgt?ne‘l’gﬁb( te ot '[?N}fs' sgrvn\% ¢ 6m Ipér:s,o\lh ﬁE tf’ qh‘ﬁﬁ]b °rs%‘2{0 1);‘3\40(2 2)

TTar 1 y UTIC - OJ ., SAI

socdndicpans ﬁ@m. discass X% gond paim Sfpm@b¢s/. &ﬁ%}n&;@mbﬂs; (1 3200

secandechanneh das |fdiseape Yy eepepimgnpraicse |secqndechambers 32002, 3200,

(1 oner half) Furt her, 24 reagent portions | oaded into
(01144 | Eakie 2 shoness e mikBuies escpming/1athe micgrfludicdhuicg Kiagtion chambers,
I
i e s R
readfigh fwherefe sangle rbntpdE patdits DNaded thentazenwetdnsaind arzdlig@nucleotide
R3 flow to the | ower side of the chip (right half),
pring gnd arabg sgfent portions |oaded into wells at zone R4
flowto the right side of the chip (lower half).

Thereafter, through anot heMabkt2 of routing |ines

rea@Picaiably di sa%z@edzaastm%de thin the;glastomeric

I O\JV |
Secdo?ldcb?lglélbglt jlﬁg(l(ﬁﬂ Hfseﬁg ilfn‘?;{opﬁ 19&§0I1:; éaqe%%o% g\reltla%s;@r%gé fot d‘i’s%ase X?

seconéaélgrﬁl er‘r')%frﬁfl 2oh bﬁﬁ" (s_)aymg ﬁioﬁl e&f ;)?Aebq pglgoﬁ é l%aﬁ &en% for disease Y?
(riaht hal ) ﬁea}sﬁ gf}pecpﬁlmﬂr@@ oWt ot ho | ower

secaidgBamber 1780eeh | 5’1\{4 ﬁ@g@@le ¥ ersqueR ¢ & Persan B g gene iy disgase X?
or _in the chip|d&eAspronedmara¥ote |t ransport on or

secdnidrchaghert 328 .eh{ PNA ssmpn éronopasioB 1 pemnoBrtes gehafarldissase Y?
way, a portion| disedsh& garprescrippsisied at one end of the

carrier (e.g. the "S" end) can be transported such

[011Fat]t sanRleseHdl tRatiafy boadedetabf g rialsdraybe mbedir egkted in
and sone_sanple is | oaded at an opposi ng]ﬁ5| de of the
accqiflipgito cabodigientsent thy RIEsRHE BYCRiE e ] f\ﬁMIHP e$BPBMEE dnplications

i
ma gl et b Ry R T ke I €5 1 B pppsion
apphcamegs oiy ihatvef uasutioner @snafyigaahowns cfiaataals contained in a
action site. Blind flo or blind fill, can.refer
sampleg Sueh PPm&aB?nSdn@éB%leéhgo@J[%% SRjpangeghRRifE fuRction Pramda8 by
em‘t)@ﬁﬁﬁ&t@oﬂﬁ@ﬂre@éntgﬁ%nh% PESRRY, hikrdfemE d@‘fflcéshaﬁldl th@Hbd can be
bol us, and where that head of gas is vented or
usecbtorreymllaee 2 ptotas.eth drecombddeménirmengthed hmbudn@pltoheimg a microfluidic

dead-.end ntofill f II WM t he UId o)
deviEgiiTng fd Tshd danea et udhhidRomd W g Tt deond
cha@BerdavRIgasdiRieREibE boReer ﬂ@(bOunPQB@ Jlrﬁ &dfonk G &idld Mo@$ control

perneabl e that |liquid pressurized at a few psi can

chagjiclscach havigag dgnensism howecen 1000 pm and 1um. The first and second

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

38




10

15

20

25

30

channel s, leaving themconpletely filled with Iiquid.

[0113] Table 1 provides an exenpl ary experi nent al
waele®ogesdher e vari ous nmaterials can be | oaded BET/US2009/040104

introduced into a mcrofluidic device that includes
conﬁﬁﬂﬁca‘ﬁﬁh he@Rbh the MSCHTIdBEhd Pakibbs, dRlcfor o2@BPihe fﬁ;ﬁ Br second

be flowed through first channels and reagent can
champewerbathr 6hg msthodredn @h:éuﬁqventsoducmgl asCryist z@tmdagehatnto the first

t er nat,i ve reagent can. be flowed t
Cha%ll%%{ e OQ“%H%@,%%‘F g o fiiop g 'ge %eﬁ?%‘ﬂﬁl}%"g’é&o"#?&mng avalve so
thatGRegMeioh. coRmRang tRMPrste b in thEs 06 8B b ABEIDIicO M fluid
enconpass techniques were sanple is flowed through a

comgpmiestion withthe peynializatiethigagend é thetfirgfecbambicre Aathelesiag the valve

oo e TR tnler NP R BTy Veah M- CRAIBR,

chamibeur es occurring in the mcrofluidic device reactlon
chanbers, and the experinmental inquiries which can be
[01 FH} S Vﬁfs%{%»e ehﬁ{odﬁffé'%ﬂ@ ly&al R afs B0 ﬁH&ér'tﬁchd’ﬁtﬂSPE’f J@ﬁ&éﬂl&@d valve
where the sanple contains patient DNA and the reagent
actugomg dévase, il in gamuncd yelot ﬁudherpmdnmorﬂmd opa obyepwget or processor. A

.0115].1t.i.s. under st ood tha var.i ety of
mullf g nisr iy 4GRS Sl Rhisiy b PatEhh By Shg o vatve can
incl@ADOG TR AbE: MEmbRBe PIERBRH cakdly € Qb @RablEREmBXART € walve can be
genot ypi ng applications may i nvol ve detecting the

deflptelde mie oo onmerertheniss @ qoatrgleﬁluld maeyemaniieng Gewbannels.

Mul% Pe T2 ?%/rﬁ)%l arPlgm C?lésl %1?}‘?’ R%n?% rd[ glor a%her olggir tﬁ fofm an elastomeric

blocﬁ:afrﬁ ls@me Sueh) papfdns @R ChamslsRYhARRES bin dvepla) tli portions of other
enhanced m xi ng function provided by enbodi nents_of )
channeds gsrchamhers ahybpearign regrep-t hieh chanrdlnen dhippbers gay pe asfluid

I
con R MR R uﬁﬁé%%ﬁd?nsr?ef“ ’
0131l 5= Eaon S0 abRarer af fisro Agg oI e rRBRhocs
accdtiy N AbATRAR M OGEWRE I LASIATR RN dholilk pABRNRASERDh, with

nore flow or control channel s each having a di nensi on
scalp éalweéan & lamnnainc fluidierdevitee FRGS t10akccask slovd reader images of

exeRaBUga Sieeiess hnd e BT S Ryl Py R 2bl e 13

illugtRen raﬁlex&m?lﬁﬂj mREMui e tdddce Shb R iP@RAnRY] c6hiReBons between input
controls fluidconmuni cation between the first and

Well§@@é B clopianisaie dlockr Asshewniin Blfe. bY. atrhlémfﬂuit@@ sysitens egoiglude a
mICI(‘:Or )}12(?10 fif:\lzlgea aQI(i) har renglgle\xﬁeiqﬁi)l tte ORC[honafrl Ude I %ra%drlil‘l%r I’o]tgfrarne

Oftdnnthcaniuiveg pm@mhm[teea Plaktic Mmakeibl) E]!l@lrhs|alﬁtlﬁ?] cttivh raeldod Plastic.
chanber opening a valve so that the sol ution
TheapHitgeh ip%e samdngipge ehanelcoppeetiony ofiRpstara e Preyadinadlyid

conﬁﬁhn%a‘ﬁbg bEQVITH “}_p%%v'eﬁp %HH négrhel&&&n%ﬁé/ ?lbéﬁ ! Uzsaﬁhf%ﬂt 8pehcat10n No.

reagent in the rirst c osing t
61/08018817 fdepEetiroaty @R, 2008e(IhtegrantdeCaript fof IMicobfluidic Device) which is
connuglcatlon etween the first and secopd chanber.s
incorporated herein by reference, describes carrier or frame contigurations Wthh are suitable
for use with microfluidic systems and methods of the instant application. FIG. 14 shows
further aspects of microfluidic systems and methods according to embodiments of the present

invention.
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[0116] In sonme enbodi nents, a valve can be under the
control of an automated val ve actuating device, which

WO poovaeas2¢ray be further under control of a conPit/E82009/040104
processor. A nmultilayer mcrofluidic device can

[o1igpc! M@&U@ﬁal |e§1%§@hn%?s cﬁ"tﬁ@h‘)@ﬁfdn‘in&lﬁ&@ﬁeth@ﬂg fot d%ﬁkfﬁ?g nucleic acid
can include a defl ectable nenbrane. I n sone cases,

analtsh ot glbtheirmetmtacaons ith anvepivecidamolse S@Léﬁfds@dtydmliesls probe, a

nto one ar
naich o TR RS ORI B EPALD Dbt o s MBHERERE g grvention
comBéhebd Bt irey ofadherthehichgRohgiput enirefltidandehicsds AeBiribed herein,
bl ock. In some cases, portions of channels or chanbers
labedegrusleis #cigh Prbet apéhpmegenoys apereto defeshinsd/er cmantlfy nucleic acid
Ry
for the dateetibradf 1bWweopy atmbgr muetsioncid blﬁblﬂi%]peﬂeﬂlﬁha\&- 6@ fluorescence

di scl pse .additional aspects of rofl uidic syste
backgraundayiplghe aligh .Slcgpﬁléo 181Se K 9d .f%ﬁnog%fmw% aﬁﬁ&%ﬁge invention
rna3) Iﬂl\(f@ Qt #jﬁﬁrmg {aﬁ%gf SNONP a@o&?%&@éﬁ Sf:jlgggrﬁ%e Wbl ranal Feast about

an exemplary mcrofluidic ce. FIGS. 10-12
4, eﬁanhogmfwﬂ raé edgrabdutefy escromorexeinpl ag Fopstrabontod, lofiicnliatleast about 7,

devi ces de t al results provided by the
and&%]@?t(’:rggs a{J%Iri?a@ %t}glof(f?ﬁ? fAexenpl ary m crof! ui dic

devi ce, show ng channel connectlons bet ween i nput o
(01144 | féccz@minatp &l @rsbqﬂx@pn@fbhfomkentm, tigalgteciion Md@r quantification of
a plﬁraﬂy ofJ nyc l‘en,ﬁ ?{01(%;\;1%3?3;%% e ans%m:il)l gn%{ g%/ncer F elr'lercglgcl:etdd Suf ;)y gbtaining a
pre-@ﬁh{)hﬁ@d sadiiplé,radiqBotigf the€ Bamplb @ndfdisfﬂbﬁﬁhg thel @é-anipligiedid@siple into

plastic material, such as an_ injection nolded

reaCﬁpagh@rebersﬁfea T deﬁnCﬁtcen@mmg e lBpprePE pfa RHEETS, primers,

proi S ANEEALANS, Rl ARRADE N B0 B AN the datdefauclcic anaiytes of
intelspakd qidriiing Fad dijuoRdpt the pidsomecNd nuﬁl]:io%ﬁi S8Ktéd. | ed
February 22, 2008, (Integrated Carrier for
[OIN] crigfa Msﬂérﬁbda@ﬂlbﬁtel sabIE Iy 6b?a1h&9&hféﬁr1§§1%?edﬂ&f &t dnB¥ning the
reference, describes carrier or frame configurations
targmﬂnucteuaatced sudlytalolf entér@m e swinplie maydmdﬁﬂstmedersectyatsem’@ed into
tho s, of t i nst ant i cat FIG 14 )
N d RIS S Bt iliminiey SrrifG e LS St WRagPifed
samPRC Qh @id}ﬁel‘irﬁnﬁgﬁbﬁﬂplﬁ'ﬁdﬁl@n aactibhe tRf R§6R¢ transcribed sample is subjected
I nvention.[011 Addi tional enbodi ments of the

to 14 gyeeg ofdiC mond@eton’euh@ﬁ@éher oicldepeid enalyten br lkbowt 144108 fold.
anal ytes through their interactions with a nucleic

[012Gi dinprsebend Snisddirasntpalidtslf\isd Srepihglified 3amiplierapd distributed into
probe, a padl ock probe (PLP) or a hybrldlzatlon pr obe.
Separwéd ﬁ%@ﬁ@&@“&#‘ ot hmigralheinic dfﬁw@@ﬁé cpBbInge Wikdhe prEgoRate reagents.

Inp 108y ttﬂ@al%l? %Pm‘a{ﬁ 'h?%geb%{ mUof Ighle lﬂér% 3)f q?%lgquléalt%r to about 500

escri’bed rein; el e nuc elc a
nansldoBg@nousicass dysrahge ofetbeat 1 Hndéaitery ltt&ﬂifﬁduﬁ 90 naiedl@¢rs, cven more

acid anal ytes with hj.gh PCR a r obe CIfIC
oftepsh fhsi B beY Rsehitbirtur & RioleTs bt the range of
abo&te RfbliRks t%fabbﬁ’t\’\I CORBLRAWTORTe rBMh R a2t fd8 R vl Releic acid
cell, have | ow fluorescence
probe, PCR primers (e.g., forward primers and reverse primers), a thermostable DNA
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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background yielding a high signal to noise ratio. The
honogeneous assays of the invention nmay have a dynam c
WO 2009226826 at | east about 3 orders of nagnit udePCHO8209/040104
often at |east about 4, even nore often at |east about
Amfél,im];l@ald &ut SfunRE/ Lt 2@@@%&@9 Lahd $1,00f Tfh%rbr@-%arhﬁ@%ﬁlx may be
about 7, sonetines at | east about 8 orders
comba@diwiﬂd@e npdmglpdmfa@ﬁemsh gnd aprropraatbpdingesnt  of t he
i nvention, the detection and/or quantification of a
[0132] urial dnk Wsprct HikaE @iventiei, d 1&r@T yhfsr thipeorais dRle ifaYange of
generally be carried out by obtaining a pre-anplified

abogta(}rb Meto gongRdtNLIgSA e sueploéabawg | ang fhrhauag mgial, glycerol ina
r lHiof L € s, 0 0

A RESR, PTG AL SIS Pl v prc

MMHuH50 e 8 range iofieb@ut Qﬁr%hesbands‘yar}\zmms)oo pes fapaof g%aabout to about

onbgenous, ass for the target nucleic anal ytes
S%ﬁﬂlp@%@&? P et PO L aheuLl Toqpabeit e H%e%koe%@&?& in a range
of agﬁgrl%{oedb%u?%‘% ﬁf&ai‘\%eﬁslo ih %%&E dri, 15% fbbtito about 3% In a specific

odi ment, a sanple is obtai ned whi ch i 8 suspected o
asparibai nGAguffee ntagrcgetimabobe).¢ Moerinen2ing'ml BSA, about 2. 5%

Sty OB et QOB 6 PE YRR R Gk FIRERRE oo

1095 S@sckb1obk@® ¢h PBREIRLESR RiperbdIRE T2edn %’Eﬁit@ 5% TweB€20. Ina
prelimnary anplification reaction, the reverse

more spevifie ¢hbetlimantpthe lixsGE bbffermey cqmalmabetyé] &M beftalszér ing/ml
B QR8s B ah AR g b5y 26 P LB, BB AP RE M 0T RE 2.5%

MMHE5000abptetBIBupdrbRAk®anPpBs, assut dt)%tsugbﬂﬂmk@ mo; and about 1%
separated conpartnents of a m crofluidic device and

Tweesri ned with the appropriate reagents. In particular,

the aliquot may have a volune of in the range of about
[0123] pi Inainbther adpoctadiohut inS&Rionamnd0x Gartaifferprag befptmarddrantihﬁay be
LI e of about 100 picoliters, to about 20 nanqgliters,
diluisgdf arfgrbC O ERFITOR of vhah geedin thdmamic ARGt %@é?xwle 220x

GT ﬁ{ﬂ%{tmép n@ﬁtﬁ@ bibfSn a‘%}%e'ﬁ?%o&fﬂ\f{b dtdut hﬁ\/lr ngein Qfrange of about

about nanoliters to about 15 nanoliters.
5 rng/edge abaut rayng/mt.| and SupetbaiveRER niire TBSE naa:raaigp Dbéj:@ut PR to about

o2f eyl @t e Tyl e 55 o 1S 3o GhiEctrdle 1 Fmerm

BSAJ Lafnﬁ%oum%slspewmat@mo meres1 dAdepxyalEd Bahé 6i€ appreciates, the 20x
truphosphat es, and may al so include other non-reactive

GT pulgeravowdbe dilptad #p pucthe fipalaspetion miz. pre- sanpl e m x
may be prepared which may include TagMan Uni versal PCR

[012ASt Eiic MK ,pﬁm@ks ﬁag b@shﬂid@ﬂ@dén@o%ﬁnﬁéﬂle Rimthes2{¥f celension
buffer, and H O pre-sanp m x nmpy be conbi ned

prowcfmntﬂ#‘eprﬁ%f@%ibﬁths@g@t der mwr@?ré@flon ailihe gpAst lspethang composition
of tl%[l_ﬂ gﬁ%ﬁmll[(%ég[?d ot Hlaﬂ;‘ﬂ ﬁﬁ? ql‘félu(ﬂflg ! eﬁramﬁ%rb#lﬂ%gao n@alg?g reaction,

fer contaln dine in~a
souilvt tand ahnpktsnﬁbrﬁoﬂ‘vhe R3Act, prc&clmﬁyl gétlmfpr@lﬁmxheéﬂmggﬁtﬁho the primer
about . 4 cerol in ran f abou %tao
ann atslt% nrﬁbeacqnaﬁg@ﬂ F. Bt dgpeadigon the

n%?l\?éltg %@tﬂ@@l@%pse'qﬁerﬁe @PrgaouchiBayt pran@r i1 POMAEInS R the range

In a range of 1% about to about
of about 15 to about 30 nucleotldes although it may contain more or fewer nucleotides. The

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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5% Superbl ock(r) in PBS in a range of about 1%to

about 15% Superbl ock(r) T20 in a range of about 1%to
W@bwat268004 and Tween 20 in a range of 0. 1% abeCE/Us2909/040104

about 3% In a specific aspect, the I x GI buffer nmay
[Olmntlﬁ' anthﬁ'@ eibofintenM Rk g@ﬁ‘ous%s rfcfi‘t*ﬁ@&'%uc% 2 Wal-time

glycerol, about 2% PEG 20, 000 about 1% PEG MMVES5
PCRafouexamphss VS 080y, tab dﬂlﬂeleﬂ@%lsmrdopr@bk centainga &B@ch of nucleic

B M MTN TA  N
acidc@alydd, As abRtibedattbvd PRET qil%nclﬁng'@t’ thit 14BSRd nabR acﬁ?/probe is

gl ycerol, about 2% PEG 20, 000, about 1% PEG MVE550
irreygsably HnsoatsdvEBODDC TaE Malymasscspisbenihe crgion wherephslabeled probe

L e T S e
subdutatd, @nd sEbseqenpy hpﬁb@deﬁpid)sﬁmméwer(ﬂiohdﬁ (ﬁdhé prode duriag primer-
concentrat i

n of n used in the dypam c arrays.
direptggl %ﬁﬂpégca&l% ﬁetlygt?rlﬁé% TCREHPN; lﬁemtaﬂlmeteg%eﬁ S Gicgehing
effeEth’fgﬁe @&en@?é}lgye lowt% d%/q:ﬂx %%t h%ll,l i nﬁﬁaggﬁ ?Et) ct_?_lr2 0
ﬂuo(esnenfsﬁ)lthl eratclat smcansg;efedfcm bmlte E@%ltb@ appooiated3Bat thaingention is not
lirnige rttg:tl?c.:‘egl 2 6 PI,(I.LQI%ZI Al %El%ﬁ%atg%éﬂ{s ngi}t}ﬁedeastc)rqged a%oMe, may
be uSPRY RERE Lfﬁd/arTcﬁQnﬁ%XtE@&lalﬁe 0Pt | led in the art

appr eci at es, GI buffer would be diluted to Ix

03] St spt GRS %ﬁ?lﬂtlont#ftéu@he REG Bl Hihea to

Pcma@aﬁbmuaf edthels bubmhie 2Gﬁetﬂcﬁd bihetagionnd ©r
yneri zation. The exact en th and, conposition of

quattrfecaapn Hedetot Rpd/gependNon taees _\}wtla@ta@tdsa yie | iqnggspect, PCR may
t

be utgngn%o Slﬁ%l#{ég t&} ett Eg a%&rtﬁgn‘g‘{rsb&g r%ﬁ&%ﬁaﬁp‘fﬁcgﬁ@ﬁ%ﬁ%ﬁ%‘ detection

systannsl enlyibegsad, tnfbhﬁd:tng hyestqpiid doseritadriedl. S tat Qﬂd& &,1 128!;9:1 Or evhich is

1nco&>prgt{elg rlrtglzrﬁ:mjg %91?%?1% Etg %ﬁ&%i;yg 2[{1 agfgtah'%)r(?g ,tq,fg?eectlgtq gglsrt]gm other

than0ﬂ>¢ﬁ MY EREH SEhRIs laH &y dd¥ b S@h%r Yrtﬁ%[‘%‘v@ SMhdﬂsM‘ SviHanBne
of about 15 to about 30 nucl eotides, although I't fay

aspabmeaitimapraetiheatiopwerthorsahaotd wed to El“etterrrpnt: therqiastity wif d target
sufficiently conplenentary to sel ectively
nucfBffid by Biesu 7 Parmee Dy oeep b B SRebt GRS Mo Boduct
fornsdd durBg dr AftbNBe afpliBPRBPredc8Sit P Fl@or§§étﬁ@ﬁuclease assays are one
appropri ate PCR primer alrs to angqlfy t he target
[t

speqitie Pedneplaef @lrﬁhamytqeamf 1qatipe rsttod zwjy herusgd sercegpfully with the
rnatrlx 5? darrql%%]otﬂulc?iﬁgﬁ ?sec[]escrl eﬁp n. n"? tl?oe to mom{jol;r'm %he formation

hlsa sa

of ah@ﬁﬁbzﬁfbnrpﬂﬁdl@lt thvabicd ttwd@banmn hada@l&eﬁteﬁﬁdfet@tlp@tiuct accumulation
nucl ei ¢ aci d sequences that are capabl e of recogni zi ng

using aftal-tabgled npeleicstd #rabe. juehhes & ydgelysinprabei &t vidlihg appreciated
thatl"'tllgl%lét ionds &Qﬁﬁﬁécptgqlséggtﬁ%se S&B&T &H%ﬂg Itﬁfn%eg ﬁchﬁ?oee dtnay be

nucleic acl pr obe I rrevoca
usedvhen the Taq pol ynerase reaches the regi on where the
| abel ed probe

[0127] In a fourth embodiment, the aliquots in the reaction chambers may be queried for
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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is annealed to the target nucleic acid anal yte,

recogni zes the probe-tenplate hybrid as a substrate,
wapagedssequent | y hydrol yzes phosphodi est er boPcisU85009/040104

the probe during primerdirected DNA anplification. The

[0118%] d f&lté&ﬁht%ze‘lﬁ o0&, iht ﬁ)%‘df&%@ ¥ RLIRASEBul rﬁgy B @&6&!1619 by
ef fect of quencher dye on the reporter t hus

speqibe bintdmggmltlna ilﬁmde\alslphgs ldbfﬂ@cttettherfdlmﬂjegtmdtrectw tJuitable labels,

ea S be .appr.eci at ed, t ha
and BRI OERBRT Frobiropa fafadt o5 e B RBHE a G or
exaiph, radftclivialab&lt hafchvady B inodipoRtedsRnoestEthb@c.g., nick

above, nmay be used to detect and/or quantify the
tranglgaor, rendefm prinERes kinasngFfotinh uprshisgbarouss. sBaayupmescent

ny con e

gro%&_.ga g‘gﬁg%é%?%&h%?ﬁogl%s %0 (? Mﬂﬂ)?grtlc ggd aﬂr?giktr?e %]atrl tions of
this bhsid etheadicl s k@oveh inathe gt ganidiificlodd those tapiadehseibht facititans separation

quantify a targef_nucleic acid an In on
of tl}féﬁbﬁlﬁ§¥%'ée ddeed %Olar?ﬁsrrﬁwuén%qr@@t hdfis it SO fy tho Sighal from
theﬁﬁ&%&hml her anplification systens or detection

syst ens y be used, including systens described in

01389 > 120 b et B Rl Sk b B RO R S G ubout 25,

still G83r8 S htb P Bt 183 hi6d0t ) h&len 8 o R&RatBYst RS0 306! i Y6Mc 38sc@Bt least
I nvader (r) assay (Third Wave, Madison, W). In one

abowatsiﬂ@@nd somaﬂlrnt:s grdeagtiahmui ﬂOQ,%ttargsts m@x h@d{@emuﬂo@ thsankthodology

t o eter a t|ty f 981 7 C_ac
of thenlgm}%tlgnpr e {116 mﬁﬁll 8 a eb1i§e r?eas aa}slt ﬁgoutt% » OIC lP% en Oaf least
abo@tlm| ktill edtd @ﬂﬂenFHt @éil@ﬁéboﬁ% (H%Qeldﬂlbtdkﬁt@lrat adaketbolh 800, in some cases
I|f|cat|on process itself. Fluorogenic_nucl ease

at leaétsaéw@t 0eandremsipes # lease sbaws 1 B0 ferget-spegifig prighes.
guantification nmethod that may be used successfully

[0130]t hAL b&bllmtlbhyaﬂdym&nlfrﬁoamﬁdnltd @eengdeputisbedi@san iabpid:ations and
her Thi s tho nitoring the formtion

unpawb*ﬁﬁql PaeHtiapR iﬁ“@& ccetesi HoisinAs 'OREPateif PAiGEU fefefence asif cach
sucHTFHER G d&ﬁm@%&rs‘ﬂgéiﬁ%alﬂp&quﬂ!h@fdugpy Hﬁi‘ldﬁ%dato be incorporated
dual - I abel ed nucl ei ¢ aci d probe, such as a hydrolysis

herq;mn bjo e&:feﬂencew (Eltatlbe oA pplvlmatlammwtmmnt tibrelmermmn noointended as an

d T t,0, use ﬁg robes an (i ny d
& mﬂ%?lf“s h% &“%SBC'}J?Q?B@@ y P6 mﬁ% 10T A B °F§1 £Op{we fny admission

as t&THRQREhRBRL: dhiddfdld @HRL S 1 n the reaction chanmbers may
be queried for the presence of the targeted nucleic

[Olﬁjbgﬁggpr o ’emV\,i1I v h P?%%l%é{s)scenl gee%ddeg%/rl‘tgela EOZISG gétaltl,rb%l way of

cxamipRi ana If@belaﬁt(j} 0@ Uﬁdi’tir!;tﬁmcﬁﬂg Whdsd off hk[ﬁﬁﬁ ﬂ&&fﬁﬂ@llﬂl&b@giﬁﬁ that a variety
such as fl uorescence spectrophotoneters and comerci a
of moglificaiign.+ adaptaipnsoind HBNESNLOPS figpleyed: | deficesihe seapciaf the present
vely, however, the probe
]nVé%%%%@ﬁﬁ%kgngég%%g%#ﬁhggE%gﬁ%etectable by speC|f|c
binding wwth a |ligand which is | abel ed, either
directly or indirectly. Suitable Iabels, and net hod
for |abeling probes and |ligands are well known in the
art, and include, for
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exanpl e, radi oactive | abels which may be incorporated

by known nethods (e.g., nick translation, random
w@eoosiiegg2e©r ki nasi ng), biotin, fluorescent gr oREEUS2009/040104

chem | um nescent groups (e.g., dioxetanes) enzynes,
whant iIPefAeSEO®: d nanoparticles and the |ike.

Variations of this basic schene are known in the art,

and include those variations that facilitate

separ at iomigpilpidec dpybnci exnpresings det ect ed from

extrane / si gnal
fromt hga (% a?fltlallgle@% ?Blﬁgfﬁ ia?/ qal s\{%getragﬁpr eci at ed
that sp %Cﬂirfstl Gb&krbyclﬁhnéléaﬁﬁedab@l.sbcdtﬁl lay@ o€ a QfibsBiateatvherein the

| east about 25, still nore often at | east about 50,
seconddayeiny wliasenica the firselger apdut 100, in sone cases at

| east a 0
| cat SRR PO ARTREHIS PhIaSF oEb QUL prein e third

layerr ivatpddentnto tHhsesond hgemret hod may nmake use of at | east

about 10, re.often at bout

of 0Hierein ycBRige iRpissturS Wlth&@ﬁ RO E Pkl ModhBEe fluid flow
w1t1ﬁfi’ﬁ{étﬁr§10£1dsle6brﬁl%&@a§ﬁ§lsat | east about 500 and

sonetines at | east about 1000 target-specific probes.

[0130] Al publications and patent docunents gfpatents

puld i shélalemaltcmﬂulchpst\n@%wﬁ daig 1.fhdhanspoprisisse lrpjtas@mmon valve
dlsp})g% elllg al tlh(e)glzgti ecglg SLi Qrslan{atﬁ IﬁI‘ I%BO n?og rch%no e[]?,%n%io?s \Aéyeratlon of
the ﬁﬂefgbfah@ﬁllvhlye_and i ndividual ly i nd| cated to be

i ncorporated herein by reference. Citation of

publ i cations, and (Patent docunments is not intended as

1

an 3adni sicopiciilidig devisqRfclygtuvehprein shefdist isplafien pplyepomprises

- OB RTaloly it constitute any adm ssion as to the
adecg%tatéﬁt sengsr}glzeate of the sane. [0131] Wile the

exenpl ary enbodi nents have been described in sone

detdai |, Toy nayofbiidiedenipt ef daich T.dnrtldrapmpyisiof a second isolation

erst di ng, tho of skill j{n t re will
vl TR CRoE e k62 ol s RBpet b ingGe Rl Sl shanebspaurols
opeRifigh 6NRGES IR0 R reBloyed. Hence, the scope of the
present invention should be limted solely by the
clainms. WHAT IS CLAIMED I'S; 1. A mcrofluidic device,
corpr i si g migroafiuidie deviemwlcgiaimdlwhestindie seond isplaten valve
r a first control channel forned
codpﬁi¥§s s@%ﬂgngﬁﬁgﬁ%ﬁﬁgﬁe'a substrate, wherein the second
| ayer is adjacent to the first layer; and a second
fI GS\N ¢ hahwrehicfodtundid devicaof daindl, | fantker coﬁlpa'sisgkasﬂrstaﬂlember

) ein the.third I cent th cond
disppagiat 1ok ot Y St et Foy B bESGTb Ok e PRECH T Qyid

conﬁﬁﬁﬁéa%n%ﬁﬂﬁ@hrs@l@bﬂ&h%lf' uid flowwthin the first
and second fl ow channel s.

7. The microfluidic device of claim 1, further comprising a second chamber
disposed at least partially within the first layer, wherein the second chamber is in fluid

communication with the second flow channel.

8. The microfluidic device of claim 1, wherein a change in pressure within the
first control channel simultaneously modulates fluid flow within the first and second flow

channels.
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2. The mcrofluidic device of claim1l, further
conprising a first isolation valve disposed al ong the
wo poogti2d8k©w channel , wherein the first control PCTTEHI2089/040104
controls operation of the first isolation valve. 3.
The mcrofluidic device of claim2, wherein the first
i sa@l at i Omhe\RcMEIEAIBEYISESE Aaitle], |vﬂi‘e‘r@ﬁ|t& JUBERA @ BEMprdses an
The m crofl uidic device of claim1, further conprising
clasgpregsisangfetidol ati on val ve di sposed al ong the second
fl ow channel, wherein the first control channel
contyrol s >opd i sol ati on val ve. 5.
Thgtom cr%?ﬁﬁlbgﬁld%ee\%cgé%&gﬁ% ‘m 4, wherein the second
| sol at i arsuvsttarehoamnps fisse fayar, dattedtajdr candentird heyer, Gvherein the
m cr uidic device of claiml1l, further conprising
secopd ﬁwﬁ‘ges ﬁ%ﬁ%fgiaetafe%%@éastépd|t@£¥yaam ally within the
first | ayee chRBECRAmbR S bhd ShruMATRAN S el 1abBihe substrate:
communi cation wth the first flow channel .
m cr of | wi sdtandddminber fofmed afi lmast partially h/euhlmtbnﬁcrstéamg ofithe
bs{a?ond chanber disposed at |east partially within the
Sub§RAfS ANd aver . wherein the second chamber is in fluid
communi GafikOddnWo!l khahhE 686QINE thd QuosMRPAEIfthSsubitife;
m crofluidic device of claiml1l, whereinh a change in
pr essur evhgirginia mham if iprassure grthimthe cfﬁan:neﬂrol channel modulates a first
nul t aneo es flu | e
fluid haw é)a%m%%f?l}éw Hr gld 11:11% etil?n ?Esrt 651 I?i ésvolrg (tiul?tes a
secotldaluid flowWWasdisd thrdhlgfh tﬁ@bﬁﬂdﬂ@if@ aB@ A6 tl&%cc&ﬁi chamber.
el astoneric material. 10. A mcrofluidic device,

conpri si ng a substrate having a first layer, a. second
| ayldr, ar ricratiuidic deyjes of clpigy K. Aurthes Cg@eaﬁag pRjrepriacg channel
r
that?)kéasﬁng ?q?@% ch %a]éétt&]%éal} ftﬁl@gil %t;bhé\ﬁlﬁ%) I%Xlﬂt S se?olfid %Iﬁ'inber.
| ayer of the substrate; a second charrber forrred at
| edgt paiheinaictofluic Hevice decldinT ki, whayen thefintehfece channel is formed
. tSL{BS& ate; and a first control channel fornmed in the
in theBBAEYFSyer of the substrate: wherein a change in
pressure within the first control channel nodul ates a
fingt flmhednictoamidagsiiegot daiglinh wieeeih tHeShtelfayeshaad is in fluid
into the first chanber, and al so nodul ates a second
comppugiieRtion siithghe sscapd flarshigindhe third | ayer and into
t he second chanber.

14. The microfluidic device of claim 12, further comprising an interface valve

disposed along the interface channel, wherein the interface valve modulates flow through the

interface channel between the first and second chambers.

15. The microfluidic device of claim 14, wherein the interface valve comprises a

deflectable membrane.

16. A microfluidic device, comprising:
a first flow channel formed in a first layer of a substrate;
a first chamber in fluid communication with the first flow channel;
a first isolation valve disposed along the first flow channel, wherein the first

isolation valve comprises a first portion of a control channel formed in a second layer of the
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11. The mcrofluidic device of claim 10, further
conprising an interface channel that provides fluid
w@omnmiseat i on between the first chanber and tPEr/E829091040104
chanmber. 12. The mcrofluidic device of claiml11l,
clasWRIrRI Sbdthiee 4dJA&h{ BGRe GRANARE, ahd isf @nABEkcl fo EdMrol Aohdhrough the
layer. 13. Thé mcrofluidi ¢ device of claim 11,
firstibnoy ehannelhatoi the érst gbambdiannel is in fluid

comuni cation M th the second flow,chanpgl . ... Thg

i corof | daradyy uingf RFERR O PRREF P shpiies Aloght o the
secdndtigfdrace val ve di sposed al ong the interface channel,

wherein the interface val ve nodul ates fl ow t hrough the

i nt er f adesceqrhembpein it comeunication with theeeeomyl flow channel;

chanber s. . - M Ul di Lce ' -

wher ei n %tﬁ%éé}dnlg @??@c‘garl‘\?é;{h\%&g% ﬁ%rﬁg g%sseggnéigjfl(ﬁlé ?:% %b 1é wherein the
secomriul ativd. val@. cofnptises ®fdcundlpertide off de, coatoirhiasndl orngd in a second

flow channel formed in a first |ayer of a

first )
layeg gb ey Hrate, apq pSonHgufH & cqrirof ﬂawdﬁf@&} i seenddtpvnchaqnel into
' Jow channel ; a first isolation valve
the%¥§%£§£ ]§$bng the first flow channel, wherein the
first i sokattioorhymiel romedpr thselsirdilafyer eftthperbisiran, ioffluad

control ch el. fo din second .l ayer of
comptihiseRop S e 1y SR and BjeeEdt S8TORG i rst | ayer,
and i s GANAEHEEhNCiGRIRED Mond HRWed oA ¥BihehBethvbébthe first and
fl ow channel into the first chanber; a second flow
secapdahambert vihasch the itertfidervdVeaoperiogs 4 pestigubb ey mtesface channel
forrf i i1 B B o PR R RGon T BRGRPY G EHER hepogured to
conS&ICR tHre@dhatht efcal seindéisposed al ong the second fl ow
channel , wherein the second isolation valve conprises

a second portion of the control channel fornmed in a
seddnd Aericerlvidie deyipselrdtign 1 mdieran thsfrpigselation wlve

Con%ggésrao&ef{?g%etlggmgethe second fl ow channel into the

econd ¢ er; a reaction channel fornmed in the third
| ayer of the substrate, in fluid comunication with
t hd 8f i r skhegmardflendiaddvithef d@oohd vdivean gre; sceomdi isgletidnacdve

val ve di osed along the reacti on channel between the
ComPPF§V1%ﬁ%ggggéﬂﬂngﬁgﬁber, wherein the interface val ve

conprises a portion of an interface channel forned in

a fiour t rHeayiefofRfidit Bevisabsdlsial 86, adicabe e ihRrfabevAld Edinprises a
| ayer, and is configured to control flow through the

y
deflee@lle msmbetngnnel .

20. The microfluidic device of claim 16, 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.

21. The microfluidic device of claim 16, wherein the first chamber defines a first

chamber volume within a range from about 0.1 nanoliters to about 10 nanoliters.

22.  The microfluidic device of claim 16, wherein the reaction channel spans a
distance between the first chamber and the second chamber, and the distance comprises a

length within a range from about 200 pum to about 400 pm.
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17. The mcrofluidic device of claim 16, wherein the
first isolation valve conprises a deflectable

woregobnzisee 18. The nmicrofl uidic device of cl ai PEL6S2009/040104
wherein the second isol ation val ve conprises a
defl ectabl e nenbrane. 19. The m crofl uidic device of

C|&3W\16&nﬁﬁﬁﬁ&ﬁﬂnkﬁ@rhﬁ&ﬁﬂﬁﬂ&?mMﬁbﬂ@dﬁQﬁ?kb&%%m%mn
def [ ect abl e menbrane. 20. The microflui dic device o

cl ai m 16lowingp dirst materiaf thrapgheh Ersh 8pwddanned sorgefljip g first layer of a

Sub&%ﬁyber vol une, the seconq chanmber defines a second
artber volune, and the first chamber volune is |ess

t han t helwdngtid fibanietialvbloupgea fi2sk isoldidnniabrepivhedeth the first

device of claim 16, wherein the first chanber defines
isolgfiom; adye ig H&ﬁ%ﬁi aloniethe g flRviehantckrgenrisens Bisboertion of a control
chaf R Rlrof i 4R itr SAND BRI cpo i ¥ist layer, and is configured
tocmhaﬂmbhw$pn@btmaﬂmsﬂawchmh&tmmemﬁhheh&nbai chanber and

the sec d.ch r and t ses a

| ength WPHPH! }«ratrfa@efrl?la?ﬁr%ﬂ}?ﬁrst tig! BisE s ghamber:
mn 23.  AFEhHLdeRhd 'ﬁla’éér&@tﬁ?@ﬁgq{d &cdnd No@ cﬁhrﬁ{epfdrh!ﬂeg ifa third
device, conprising: flowmng a first material through a

layef iof e sﬁbajwtecmzmel tofthe sasdnd hyer;first | ayer of a

substrat W n te h

Caor at Lt O sBehna e i RheoftRh €5t Dog baiigH oy whiin the
secdhidS fsesh allNng dispescdialsilg the Qo ABREhandgdhipeSs Bsecond portion

first gortlon of a control channel formed in a second

of theagpatrobthannel feumesk ipatsecand) layesef thepubsieats, japd is qoayigpred to control

ﬂovﬁﬂg%lgzl th& Eefc ?\q? e ne?ﬂ{t& e n%oceh\ﬁ C%P{:,@&gh the first

hannel wW’'ng the first

mat er i alﬂd‘m@gﬂ’tﬂefseccfndr raitefidl dwne tienwednd ovo clidh@elf intosthe second
chanber; flow ng a second material through a second
champefiy channel formed in a third | ayer of the substrate

adj ac entacfuﬁtlﬁ%ﬁlh 28RN HL e?r’ Ko 5 {oQHhiBA ffo ﬂlme first %nd second

mat eri al a secon i Sofation va ereln
BMEmmmeM$solat|on val ve is disposed al ong the second

fl ow ch e ri ses rtion,of the.
Contr ol TG S B e s SRR B tfushitg interface valve
intoShPSlchAd @han?&g sois @Rt Beres heSQRtifohe %%&#%W&ﬁg Ryherein the

the second flow channel into the second
lnteffhvzswah@ eomeprisesonektionoé il dlterfacoshatng| Sewedih 4 fawh layer of the

subgBTE cobodnd (o R e POt oS SRt oI DR PG Rt Samber

and $1&CRBEhd chamber.

24.  The method of claim 23, wherein the first isolation valve comprises a first
deflectable membrane, the second isolation valve comprises a second deflectable membrane,
and actuating the control channel comprises actuating the first and second deflectable

membranes.

25.  The method of claim 23, further comprising actuating an interface channel to

provide fluid communication between the first chamber and the second chamber.
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isolation valves; flowing the first material fromthe
first chanber through an interface valve into the
w@ewonebsehanber, so as to mx the first nmateriBCT/WB1009/040104
the second material, wherein the interface valve
conprises a portion of an interface channel forned in

a fagurt hricay@hoPéf dlign 231 Raefdh thedficPR&NNal¥Ocdniiftiskdh hrtion of an
| ayer, and is conflgured to control between the first

mtetfhmﬁb@nnfé rf@‘ntqden gdewulayeratites subgigate ?ﬁl@cqféltm@ld thyrd layer, and is
2 fi td on I rlses

conéét? 5!'1[ g’d ﬁlp ohlgjlg a ﬁ% cﬁ(t)n &hsagﬁgl f{grglé%d/n ﬁ t?fes E)

vaIve conprlses a second deflectable nenbrane, and

actXat i rithetrhehabof dlain Thariredin d&r’m%irfs%\wﬂ@d comtiprizgs & deflectable

first and second defl ectabl e nmenbranes. The_ nmet hod
merglprapg, anghpetygating the Heriacs &BW@ F AR a%tpﬁzg}lgéhe Hﬁf{l@nbéf‘c e
merihl@apnel to provide fluid communication between the

first chanber and the second chanber.26. The nethod of

claim 25, wherein the interface valve conprises a

por28i on Tdf ragthocholedldiacs, chmprisihg holdimenthe hire nfaderrad in the first

| ayer .of the sub S te acent to.the . third r
chatyf 5 6% gkt gt PRAMD gAY SGPRT mplePi MG Rk iRt  socond
presS@NHREdr tb Mok 1he firiiendifidl thib @e&ccorki/chakiber. met hod of
claim 25, wherein the interface valve conprises a
defl ect abl e nenbrane, and actuating the interface
chafnel Tdempsthadel dam it grain t:,hecﬁarﬁq REeIsHIs 16 2reateh figndhe second
The met hod of claim 23, conprising holding the
irst material in the first chamber at first pressure
and hol di ng the second material in the second chanber
at 3. secldrednghebsiinlam 3, ivderdio thel fowl prgsstifeas Abawg t10 psi and the
terial .i he. second chanber. 29. The nethod of

to
ey éﬁﬁ%@@}sam%? iPi“the first pressure is greater than
the second pressure. 30. The nethod of claim 28,

wheyei n A fferbfltisiic m@&sw@pﬂsﬁ;ﬂg’;\bout 10 psi and the
second pressure i s about psi. 31. A mcrofluidic

devi ce, adzimghtysqfrfgst flovp plannaf:lns dormet if st layes el @ Relrstretes
formed i ;b n@% dgf St \AHLt%gﬁlbglfS hg'rgﬁseta?ﬁ{)ﬁe oﬁpgkgﬁreﬁw%gp%ﬁ

first ch erern eat one
chathbérs tis @A esrAmiudicatiord With d conespent@atirarflos Ehanael of the plurality
correspondlng first flow channel of the plurality of

of first flow ¢hagi¢lehannel s: a plurality of control channels
forned 'arblﬁraﬁﬁlcmgn!rglyc%ﬁmgls e Hpégerc@ﬁflayer of the substrate

adjacent to the first layer;

pre

a plurality of first isolation valves, wherein each one of the plurality of first
isolation valves is disposed along a corresponding first flow channel of the plurality of first
flow channels, comprises a first portion of a corresponding control channel of the plurality of
control channels, and is configured to control flow through the corresponding first flow
channel into a corresponding first chamber of the plurality of first chambers;

a plurality of second flow channels formed in a third layer of the substrate
adjacent to the second layer;

a plurality of second chambers, wherein each one of the plurality of second
chambers is in fluid with a corresponding second flow channel of the plurality of second flow

channels;
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adj acent to the first layer; a plurality of first
i sol ation val ves, wherein each one of the plurality of
WO 200gt12d88®l ati on val ves is di sposed along a  PCT/US2009/040104
corresponding first flow channel of the plurality of
first fl %&h@ru}esk&ndqmidns%e@ \fvhéréitn GEIS Bﬁ@@f tﬁé pRirality of
correspondi ng "control channel plurality of
secandnsalationcridvesed dispasad afosg @@nfrﬁwnémgtsepoaﬂd ntomothahhewf the
corres n om10ha el into a
pl“r'&‘ﬂny o gﬁcooﬁ‘g Ny Pt ccr‘?gﬂl%é?s K %ec?l?w PR 8fphte§°ror?spf°n$ g control
chaGRRaeb@E plurdlitploficahtid Yh@ineheaanid cohmirehaneatis] ﬂ@w madugh the
inathird | ayer of the substrate adj acent to the

corrggnopaie|sasrad: floav ghanpellintoy correspandig sepriidrdpmbenpfdhe phyrality of
of the plurality of second chanbers is in
Sea?@ngggg?h a correspondi ng second fl ow channel of the
pl ur al i tayplefaligesfosdtibh oharmeBrfoahat ia thd thirdllastey o6the substrate,

second i sol tlon al v wher ei n_each one of the .
wheggip eag O'Iw agh qng Oéft @ﬁl&y @ﬁrsw‘é nshRaRngisiedn flaid soapyudeptian gl @
o
con oAl g TR Ao IRt YO ARE IR % bRl socond
chmmh@wﬂdhepmpmmﬁoh@cmuhﬂmumemhanneI of the plurallty of
control ¢ an s,confjgured t

£ br ough LB Gr Y deFEHER Vi Scr bR SHE Pl i Ogintrface
valveQis (ﬁ%ﬁ)@&gélﬁﬂg 8 @Gﬁék‘ﬂoﬁdlﬁ tti® claRBelRIf¥EEplutaYityodf reaction

second chanbers; lurality of reaction channels
cham@&mlmyw gam thy 9011f¢$|pp ingfient cedmbpand disstorrgsrondigigescedng chamber,

comﬁ)rla?s 4 pcort n?ruﬂ% a %?rpegﬂm\lldu%%xlgergag? ﬁann 100&‘ a n%lurfail?ys?f 116%1&l aee ?hannels
forn@dd ihReoiti ragki wh@ﬁutfstrat&tad}aban‘w@ﬂfs tRindl 1ayc€ ahd &Sjeafigirad to
second chanber of the plurality of second chanbers; a
contspl flogy thrguabythe geraesparding glagéen Chghetlei n each one of the
plurality of interface valves is disposed along a
correspondi ng reaction channel of the plurality of
reaction channels between the corresponding first
chanber and the correspondi ng second chanber
conprises 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
| ayer, and is configured to control flow through the
correspondi ng reaction channel.
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