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entities in a chanber of a mcrofl ﬁmgﬁ& ce (e.g., suspended in a
vol une of fluid). Mdre particularl 3} esent nmethod and system
for imaging uses indications froma fluorescence signal associated
with the one or nore entities in the mcrofluidic device. Merely by

way of exanple, theCROSRBREFERENOESTOREIATED @ rpiitadsonsd syst ens
are applied using fluorescent, 15 chem | um nescent, and

bi olSumi 988tk nfhisappbeation sigime aripsty thd) i RioyisianabiNe. GU§T%E0S, filed June 7,

woul d e i i I br oader range of
appl i cgﬁ?%ty. |1%8%§%%%%§§féef§%§%%egggq&id@%ﬁ%s and manuf acture

m crofluidic systens to perfonn various chem cal and bi ochem cal

anal yses and synt heses have occurred. Such systens have been

devel oped for preparativesapg, | 6! EJWE i . A goal to nake
such m cro-sized 20 devices arl ses rost}liﬁg)ni |§g1r11 ﬂ]Eenefi ts achi eved
f r om mi Wi062Jur Theapiesent diiventing esivtien paleratydn mispdhddia teehyigess. dngarticular, the

S heses, which ,are offen cynbers and | ess efficient. A
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Addi tional benefits may include a reduction in human oper dtor
i nvol verethed wnd systam Sirdmegdingyuisesimdicatonsgrarh e fhondscensk Isignal assoleated with
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a vari eeyhriques Bey mized oz, méthedsuahidigsterh® bre a?r@liéd‘ﬁﬁng fladrebdent,y
el ectrophoresi.s, gas chromatography and cel [ separations. [6004]
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or absence of a particular target nucleic acid in a sanple, as an
anal yt i [0803]t OdcertEX affrte® difveldbiahi aiangfadhes efidrofidide tf3@0o PErféin

anal ytical] tool .include: WD 2005/ 121864PCT/ US2005/020250 testing

for thevapioas ehfspicyrand brqchempioat apalyses gehayntheses havgiocoeasl. Ihehsestems bave
fungi) yd it j . Ch i Ry ic.
- appli ca RS USI Tl B BARCERRE et anp R Wb SBE PR Suigrosgacd
as<0ci atesitesmtisesfiam siguif@anidienefisashiovedyfeme tmigiattirkatioce 66 convestidrat inat@
gene expression pr8fi I ﬁs/se ﬁﬁgces ssociated w tg particul ar drug.
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genetic profiles); and conducting genoty%l ng anal yses and gene

expr essisorg thessinpsedluidic gystems.f Addiginnaldlengfiin mayipcledsa mdustiemtindsinan

10[ 0005] Al.ternatively,..t he devi.ces can.be_.used.in_ a .preparative

f ashi orbReB SR RIS SiaERie SR POR R fhess iR BrS gt
subfi cisgiems Qe decraeRArdtoF exfots hEbthan&eYatbStype limitations. Microfluidic

devices have been proposed for use in a variety of applications, including, for instance,

capillary electrophoresis, gas chromatography and cell separations.

[0004] Microfluidic devices adapted to conduct nucleic acid amplification processes are
potentially useful in a wide variety of applications. For example, such devices could be used
30  to determine the presence or absence of a particular target nucleic acid in a sample, as an

analytical tool. Examples of utilizing microfluidic device as an analytical tool include:



Exanpl es of these anal ysis processes include sequencing of the

anpl i fi eqyu@bfdHsises Cel | -typing, DNA fingerprinting, andptf@sidofrozso
Amplified products can also be used in various genetic engineering

appl i cati ans testihe s tHeHRbdnte 8RPANEEL! RE (L1 iRRSs, IHaCleHE Br filigh); ar e
not 15 Iimted t%) theﬂﬁr odact?on of Igg%(gégi r(edg‘br otern prialdu%t,%{)’

acconpl i shed; hy..i-nsertion of .the L fi roduct.,.into.a vector that
is then us'edl(%}éh?‘r@a;lﬁgfpé&neﬁs egl(%'g" P %Een%l?’haggg%rgp?gap%l}cgﬁg?ﬂ’ pr oduct .

[ 0006] Despite these potential applicatiaons, inmaging systens (also
referred t'o detestigradohangigreeg speriionrdeic 2aids apsosistedsvithpartien) adisepses
for example, ;flUQregfeRre.data, fromsuch 20 mcrofluidic devices
have vari ous shortcom ngs.’ Sone conventional readers operate in a

scanni ng node,, i.n which a | aser amis raster ,scanned over the .
i orr 1 i 0 ¢ CHEUARSEenE MoaieHar RO ByEEaHS SrIRAtb YT e Faaioo s (habavior
| aser and th } I I{ge(ﬁg :

fl uor escenc e?ed%tqgf ? ro m‘éf‘ohégh?gbgtﬁ. gﬁo%s%amegiﬁgggggﬁ&%d@ﬁé/eesp cclally

m cr of | ui di cetiwations fovnat kazgudens wdth spenifie geretis peofHesdandd t h t he raster
scanning of the | aser source/device. O her 25 conventional scanners
operate in acgiduchiild féhotRARy e Md SdnleYexhrdBAbM B3Rk (e. 81 8F%rential gene
exampl e, areas less than 1 m® in size, and stitching théese small

i mges t oget ppTessipnisiRdiedn i nage of the microfluidic device under
test. [0007] Both scanning and stitching systenms have shortcom ngs.
For1(exa[gens] bdtdmdtivplstefdesicas enmbeaped af £p@baativeahioned ¥ymbhfy ke m
frequency, which is proportional to the area 30 i maged as a function

of ti meaciésReesveingriaamylidied podisbatsulficient fevelsnerdedlor Guthenanalyder of
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anpl i f i tyatngPN.A fisgeprifitieg) aed tiedikeg rAeapléfied fraducbout aldo BOused®n pafous

m nute are,.generally required i mage, t he, fl uorescent pr.ocesses

bccur 11 BEH SR HBOTRAPPOTFPaSs Chese FEIGAETE L BY FRHIIGH L ATIEs (but are not
Conpent jiRad 1 FROPoQEctRRAbH dsRE AStchy Blodi®:, AcBmPpRAshAY EntRtidR6E the
these performance goals. In addition to slow ng System’ hroughput,

t hese soapiftetpradect dntoaciscioy e jssthemussdito tramiforn helisgotoghe dedirefl protein
utilizip dSetrtai n assays , e.g., performance of real-time PCR [0008]

Ther ef of e "there is a need in the art for i nproved net hods and
systens for_ inaging one or nore entities suspended in a vol une of

fiuid i P086Lk hAiesiise Besepaientiabppnlicariensgisnaging sysomoNplaryelierredrigrs readers)
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prdd demiaofimtiivattvives hawestaeion$ ehiortcomingsg Sone cohvemionaleiddrs eserate in a
suspended in a VOl#&%%Pil uid in a chanber ,of a_m crofl ujdic device.

More paiPPEnERId, aserpesrisHatereng) v enthe iicrofiiiin devigse sin other
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nore entities 1n the mcrofluidic device. Merely by way of exanple,

t he t ectnllequibsoréssencs datofibmi tte reanerhdusibarsdresest ertbe arieroflpjlic éalicesinmg
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| nvENt | @hvBRorAl §846Rerd bpAERin haBARIN mERDbde@Ridliyt naglIk drlastfor
speci fic enbodi ment, the pregsent invention provides an apparatus for
i magi ngeRo R eres lesp kendlanay fie iz, ard sttwhingdhese sthalldmagerstogetbente form an
m cr of | ui di A T ratus_includes an imagi ng path coupl ed
to | eas#ﬁa%ﬁg)fgﬁeallﬁ%gorﬂqlgﬁ%é'?e Qﬁgaséergﬁ% m crofl uidic device. The imagi ng
path provides _faor transm ssion of one or npre fluorescent em ssion

si gnal sl0887) v Beth scammipg and stitehyng sydems baveishortepnings. Bersaxapple, batippes of

Gz, RS R REa e e o A Bpothao U RRE

30  imaged as a function of time. Conventional systems operate at frequencies on the order of 1-

20 cm” per minute. For some interesting assays, such as protein calorimetry and nucleic acid



WO 2005/ 121864PCT/ US2005/ 020250 chanber si ze bei ng characterized by
an act ualy ?Q%slﬁh s¢di mension normal to the imaging path. PER%S%%BQ&SO

al so includes transmtting the one or nore fluorescent em SSi

signal s g i@ pLLGA]

coupl cd B e aonr st Redifeth BRRRE il BHHD. 20 AP bt 42 ?%35@“
reduce Beqmrzdatoainagh&@&uaredcesmbcakeschcnmgmmthearea:hdatvessﬁsrt&‘dhésI evel .

[ 0012] anot her eci fic, enbodi nent .of. the present invention
Syt em FOROTHAG GRyTon CoBy crtisial AR CEARS ALSFipG ATTRS e AobrRe chmspihese
of a mi érmﬂﬂahéé goaql@vmcaaditﬁn% ewudﬁgis sERSHEMEIBR, HRGé HIB88indhndRli{chRle
path, t ptic th belngqca abeof transmttlng one or nore

i mag'ias @rstf@n p@rhmﬁﬁh@potant@b i wilizingryledningissays o ey, obtfamiinse o€ vdab-gnfer om
t he por}éb n of the 10 spatial region of the mcrofluidic device. In
an enbo ent, the portion of the spatial regiOn of the mcrofluidic

device is char acterized by a first dinension. The system al so
i ncl udel048F | Fré‘lﬁmlf@ﬁ,sﬂléf%% é#ﬁ%@ﬁh@aﬁf@r improved mmeshedsiasg swemﬁ@r imaging

opti cal %ﬁno@%ﬁh& éﬂ?@& iy $b AL I}%H&)%Ff}f ?Mn@roh 143 device.
opti cal ract erls ystem urt er-inc €s a secon ens
system coupled to a second port| on of the optical path. The second

| ens systemis 1l5characterized by a second opt| cal characteristic.

Th ystem additionally in I[Hgﬁﬁq coupled to a third
poreltqson of the optical pat% The ngt ect or deV| crgﬁ?}g operable to

capt ur e[flﬂﬂﬁ] 0 mcmdingjnéhc pEsEs imfentibg tgnhmquemfovﬁmcmﬂuahasysﬁmsr agi 0 n

Mor eover ete r i.s .adapt ed to C e one ore 1 m

The: onePisvidis B paiier, ik B9 Ris b RarehelSd sl sviiin et o giore
of abougniftiae slﬁdp"eﬁded% ARRRIAN 0 PAuIdSH & chABb QR h hictofuddic abties. NRloty/ e
enbodi nent, a nethod for imaging one or nore indications fromone or

more chpavdedlarnithepiesent stathnidding systemdier i lmngmeh Udiwaﬁl@n& flem a fluorescence

tr m r Qn. of ay; atl al

i oot | et as B o PP P B ? B et B MRl B
i cr of | eMagtipte, ded/iecigniqheafr ﬁibr@ﬂﬁxtlﬁﬂhetﬁ@@shand'ﬁbﬁe@i@ latd Applied utihg NapRkéank,
region of the mcrofluidic device is characterized by a first

di nensi gismilpranesseniogndielmynesent yaadercenuplediy the mwr%ﬂmdlé@vwémm to
a first B&lﬁtﬂgqgco%inz;eﬁﬂm‘?ﬂ{é i@nt %t hfb!l&a?i%r} ér@lﬁﬁ%h&r

characteri ze Irst optica ar act eristic.

additio ncI ude n second. l ens s st m to a seco

porti onf@}lbf %5‘?‘?" l?:ff‘{’l‘“e%hgles@‘éﬁﬁﬁﬁmi"%rﬁ?n QYL 3PP ’éF’i‘f’z%’ég
by % segut AikiseRbicd E‘l%&&%&e%é ﬁ{dl@anoi\{pﬁcﬂlvs%cr&mﬁdﬁ%mé ek

capturing the one or nore inages of e portion of the spatia egl on
usi ng amdhxd@mronnamg wash caplahie Id@t en@ drand:@vucai last Qmmicedﬂmldlcaleviwr d
portio tahe 0 caI ng &hr and t Oge eql &F

det er m d1 gs2 3t g ctf%lrsmés@ BF 058185? Hof& PF%‘PISﬁPﬂé}%‘?an

or les Sdenv@@ﬁ%ﬂ@&é&kﬁ&%@@ﬁblé@Z@%s@ 253806he] BRHBEr dMth@BAkAe bne microflnidic

alternative enbodi nent, a nethod of inmaging mcrofluidic devices is

pr ovi dedfigse Thsthambertias @cdambaptize trchambersigebans dlasyam@ﬂ byegiaghnal
assAC| % al"& Rn@bn h&254 tPudShG '}agﬂ} “@{Eloagﬁar%s%ﬁ%”ﬂ&uées An %tlcal des,

m crof | evi ce uSing an | Spati al reglion aurt

tinme f rs;mmcﬁodpmlsm tﬂlimnmaging pnﬂmutrhe opticablepp et & wiapeditcreahsmit e one or
capturin 5.0f the imge of the spatial region is substantially free -
froma r??@e%ffw&? @%%ﬁ’ﬁ?%&lfgrt%@%‘%n bef.0015] In yet anot her
alternati ve enbodi ment, an apparatus for imaging one or nore sel ected
f | uor esi@ditle Imatioclmrispﬂéﬁcb embvdinrent rofidthodlotindeingomeics nporestlaaged The

appar at ys i ncl ude n i in th c | ed .t o .| east e .chanber, ,i
onat - RS dicatens B Selcbel s fRARNE GF A pRER AT B rovided. The
trages m %8fhea lmu&@ SrafSmiMLorld di%&%(}%}es@éﬂt %ﬁhé%fbn% Rl ifRLodd @M
one or nore sanples in the at | east one chanb he at | east one

more samples in the at least one chamber of at least one Il'llC}:‘OﬂUIdlC device along an imaging

path coupled to the at least one chamber. The at least one chamber has a chamber size, the



[0017] In another particular enbodi nent, an apparatus for imagi ng an

m cr of | uiyghGoavigs conprising a plurality of processi ”?C"f}lfsfo%sﬁofozso
provided. The plurality of processing sites contain at [east one

sanpl e gahactas, Suap M | GRAASAL pé
N 25 1 ognenpe e UMD MeBRIRIET 0 R Bbal RS ARG AR B EREe pAT
to the rhempdthed albeintbidies tramsndithgahe ek dranodel flusrasadie cidission sigredd ui di ¢
device with, elec magneti c. radj ati on. .The apparatus_al so i nc] udes an
g ng S SiaG G HeGEDes HESURh 2 OPRGH T SRR EGUBIRA o B TanEFah. The
recei ve oplief 16RBABRALIL Sdd A RBirtdite 3Edel?ehd 1Ml E}Iba%igphﬁﬁé’zk bhYo Qldetermined
processing sites. The apparatus additionally includes a detector

coupb edlevsl-t he i magi ng system 30 [0018] In yet another particul ar
enbodi ment, an optical imaging systemis provided. The optical

| magi ng [6012] eMiyethnidies speciRiPybedim@itofihe fRbérE dvehlibhl M 8feinOfRr AMSIEEN
adapted to illumnate an _elastonmeric mcrofluidic array device

i ncl udi A8 8 MoExigdicationzdiom gae pomorRhepdess ofigmnicrofluidic device is provided.
2005/ 12 : / 3 i e e L on.. oneric
T R R e S T A L
pl ur al i yorefmégey ef a poAionl cfaspatiul eediary of a pilicrofieidid devideiftom @He Joai®t 6f the
has. at Ieasi one recess forned therein. The recess has at | east one,

def 1@ct SRt Frginsy ofithe merafpidic 4eyiqen dn pn gmbodiment, theporiien ek the ppatial region
opti cal 4} i : L E : detect | t

IR R R L T R G i T S e G T R
i magi ng fiosidenssystomecovpled ¢t e dirdt posioasddmcepticatipatiat Thefrst tepsspstem is
plurality of ch ers in.a m.crofluidig¢ device.i royi ded. Th

met hod F’?ﬁa&fﬂa‘a_@%ﬁﬁﬁ# R Bt B Sy %ncéw_‘ﬂ%séiss“r? dilgfifal s
al ong  gyktérTRENF1ed RS Secohd'Bor@BR o fheBpfitallPatiD M ARGRndEIBhSS)sRih & gnal s
derived fromone or nore sanples in at |east one of the plurality of
chahber sharpctenizedifyor ssepud epticabieharasteristine The systan additivnadlyiindidesesdetector

| ecti .  t L bset of. th fl t
o a1 ol Uy PR LRe B T Ble iR, oo dRirnat PSR ter
devi ce asifiptede b MaRsrefindgssasfalanbortith 58 thertpati-) Rédicn. iMoRidveR the detector is

predeter‘gg ned spectral bandw dth and adapted to process one or nore
chr omat A4aPAIsEPCAPTUEhEIe 28€ BEMATRINAZRS- h idhenesranese images laveadetsaained size

em ssi o L : I I . 020] In a specific
enbodi ngn%%g?%éﬁﬁg%ﬁg%gﬁbﬁ?ﬁgg??ﬁﬁ%&oﬁé I'ng a portion of the
subset e.one or nmore fluorescent enissjon.signals at _a, detector,
captlr ﬁ‘{?lﬁﬂe Rt a@?ﬂlﬁ%\f@fﬁ?@%ﬁé&%@ﬁt@*@ﬂ e eAraneeindieations bipm
the oneofd o MbR HamPBkR%fiaMmidtohfs HeRBE Phe ﬁ:@ﬁo@liﬂb‘iﬁebftrﬁ% itﬂ?&ﬂ%‘?&s
d I anmbers 1h the

inthe mcrofluidic device, irradiating at least 96 ch
at | easmophianages pbi paitivnof d spatizé regivresis micelvidiofdevive fivnathegostiamofihe

group o t han.48 20 chanbers is in fluidic,isglation fromany. of
She bt e Rl elodtf o RIRTEN e aforedioy ottt et o €6 oGS sEb
mai nt ai rdgitgh dfftke Blicrofamic ddvice'Ts eRRAdHAd bydersClinRhsion PTEE Blefiod R0
te%ieerature at a_determ ned tinme, wherein the predeterm ned

t enbr atnshiden countias sizgiders systeautors fst pertien phiheioptica path. flietirsiders

t her noc j £l LELLG: e L En .0CeSSI t he
e eGP B BRI B L0 AR BRL I BRL SRS B0
f | uor escenpling aisssondriens gysi@hstol aetordiegorti @UUEThs gphidie pane The sbEvnd lens
chromati c aberrati on.seéﬁxlg predeterm ned | evel. The predetern ned

| evel i 9SERAPLORRAIS g°Gord getiel Fharaeertic Mersovers Beanethrd weludes
assocl a&agﬁ/ﬂﬂgt e 8né bf Rord i%%lg@é"@f e hgﬁioﬁ%‘i Y, ﬁp%ﬁél'r%@é‘% g%ﬁhg ) 3R fievice.

second r characterized by a seco color. Fn ye r specific
enbiti nEhe detedter dptidedakotpléd ®ra thedipogidndflihelastical pdthinad tHeyonefor more

an onbotdasn PocEetamned vl Hift ke s ipirePon the bt Sewsgicnan tess.



20 tenperature or range of tenperatures over tine. In another
specific i , the optical imaging systemis used t
i nf or mat |‘gﬁg§§(lgﬁ§%] to PCR reactions. In yet another Spgéf@ggdoglﬁfozso

nmbodi ' ' ' ud ' Juidic.
dovi co RRA; IF siRictlch L BRBLAS QY LT Gt W kit ety s,
| n ot heproeideddhemiethed ihdleddsaptafing be irhaggi Mgpaigtregdivh BabtidRd vwith at least a

t her mal cont_r%l er . that is cougl ed t(t)l the mcrofluidjic device. 25
[0023] ditempned pupherqtvhamhers of asneroflagic deviceisingrrypiage dpteptinmyinatjal
Syst em {Bidd WMot EhE hidldetr B 108\ ne SnibtteP 1Y 0%HC tftbddiindi, the capturin
alternative enbodi nent, the optical imging systemhas a p?tlralle of
doutl et sf thd aptgriofthe spdiat egionvia bulstantialiy freefibira stiiehing thdior dcan@ing
predeterm ned |l evel. In an enbodi nent, the optical imging systemis
charactBPF%8d by an NA greater than 0.23. In another enbodinent, the
optical imaging systemhas an NA greater 30 than or equal to 0.36. In

yet anof0df] edwefi amether alidrpatstandhwiditheniganappesasuseior eagingondorgnast er

than 0.2, | speci fi.c.embodiment, .the opti.cal i nagi. stem
conpr i s8e8 AyBEEce BolRRA FEF ittt §8eq 1 PRM: AR ot Birarus
second HpR@es ad irhadihEhath obpplediid Ieast of€ ElRtmthes RURY 184st oADMRRYBIdid dbvite.
addi tional _ enbodi nent, the first doublet reduces a value of WO

2008) 12Thoimsing b osridw fenirasrussan of aser more Sromgsceat ¢missipn signals
wavel en ' . C | ker Ly . <y
e AT IR s 1108y 1J ek Pl b oy oo
chr omat devieh eFleatppantatals incladechnaptielldiigh deyias sathldtotaRrsseatisidortion
spectr al tLialter. to squaﬁ predetermned level. In sonme enpbodi nents,

the firSkthadmpeing paherevided for isnsaistipn af theiose PEmoreRIsFopsigBRrst Ihe| n
50t her @ﬁ‘g@ S HeSiceh i I i | et.,
second specgirial fi fcte 2%1%45%%‘%??%8%{2%%%51%%%%%? ag%dg*&rtgrr%)ggm%s&% or b
filtSer fkhere$cent @Bi2sion kignalsend e adeptedde pmessahebhenope dyemptic aberatioos,
the use of .a fl ugrescence i ing system.to.acqujre.a pl.urality of

| mges. SPAGRGHIA BRE16r MRS PUEEEOTbHES (97 ditegind o¥lom an
mcrofluidic device is provided. The use of the fluorescence inaging
syst em 0916k c g partisular embediniest, @ rabodef anabizingpgoensesstie elasthaerie 3
reactiop. re. | ui di-c,i tJ fr ot her. reaction .c )
In an e%{,“% i nle%t(fevicﬁseis ;fg%g dy %’ @gaé%%]gé\géganﬁgﬁg%m%aﬁeto r%bf}a%%[f‘gf des
a m cr ofHauibdiCindaithe peridibé f 18aTh@nod B ghiag efibodRidnti ALl ofiféicEanbdrd

anot her, epbodi nent, the use of .the fluorescence_i mag]l?n system
i nddluded the pl l5ash PP champbers asiadiuidic avplationfrom pay ofthe o a@kaw@ﬁ indhe pileast

vol une &f Bdrd AR hOmbA alsb@n&ﬂes%?%gbgﬁgdﬁggﬁgg@‘am , 15 the use of

the fluorescence 1 maging systemin tomeric mcrofluidic
devi ce is characterized by an array density. greater than.or .
caqual 050 Fuiriithd ettt erDogrerd ap Hhpfrel ol kel vEICBBIGE device

the flugy £plufREY BOpRYedsBIY site€isyissdan "H{Hﬂlﬁélit){éﬂ 86es§1§§5i@%

the optical filter device bei ng adapted to pass a s€l ected spectral
bandwi deontdin etdeasi one sample seiseted fioaoivessowies aadiat agronsirepgahisselagtbdtioim @
adapted_to_progess_one ar re chromat.ic 20 aberratjons assqciated.
oo ¢ el fRe R e sl RrRUp S e RIS R iR G vice
| evel . 4rfdGdagtel fo HindAte dhaMivrofiidichiRvieE SGfNlediibyRighé radRoRPThE 2l
system for interrogating sanples in a mcrofluidic system.s

provi deapPrarafus 3o igpludesan sgagmasysicaveaeledsy themicrefltidigidevine and pdapted to

det ect ' - I .| arger—in

ai monsi 5o 8 B e P sl s iyl SR or bR BIRE Y, |

| n anotdpparatndradithmally iddheled etdeetior cingpl@piol thalrhasinosptepd to the

m crofluidic device using at | east one lens. In yet another

embedi nppig) t éi%hteari'lépér?" f J b s RS

m cr of In@i di]c devi ce%l ﬁﬁ a lczupeci %@%%bﬁ%%ﬁa?&?%ﬁgﬁ%&)ﬁ%d?dh The
optical imaging system includes a computer and an optical illumination system adapted to

illuminate an elastomeric microfluidic array device including at least 1,536 reaction chambers



an enbodi ment, the area of the mcrofluidic device includes the

sanpl e Chﬁﬁg be interrogated. In this enbodi nent

+1- 10% ereﬁﬁkg is the maxi mum NA 10 acceptabl e as de#ﬂr g}\%gg&
dept h ohy htatsisGans] SPRALLaRREhLEHAR. LIS ACRERIAREE LI PRBLALK blook

bet ween reaction ¢ ei'r spaci ng-an

ext ent fimored ftdm a phaality of dyardNAtielbast Snslagtr ¢itthé pRiraldP ¥ Rivedsheé s98dst one
light is |os he detﬁctor surface due to reflections, vignetting,

and t heT9CF$S On‘fl?ﬁ cggiiec L he FecaimfBaPhistt one Aetlegiehds membraserintegral togha e
f |
of inci demtind t@Bls. iThe ogﬁtzaleﬂnagﬁlx : gﬁgﬁcags%rma!d?ésaagleo@%ﬂ% defs %18;1 'tsﬁs%tkm dot

vignetting, and the er 15specific e

i's such S_20% af C|dent I l.ost at the detector surface
due p}éﬁ?tctl{l J5 aﬂ"@?eé AEERRRYF Pﬂéh‘gﬁi‘fﬁ@isﬁ‘%%eﬂ ty mg 4 4R SORBRE SRl PEe
e rrbodl Mediécted NEorkMdate indichH6Hs Ahiata phuhRBP FHchimbldentk nhbl%m.ihdiédé@c%tls atn

t he detector surface due to reflections, vignetting, and 'l ke
an aI tePWé(!d efe Theimathorbincludrs fransmitting omn o Mere Hioresoeat énvissiensigdalvahing

t h d t
mvent | ShTEARE B bRE L ORGP Bt B A S B e

opt i cal sdnpigd it 368t @ioflibe R bECIRRberhaRd midroDiiaRCRALR. fTheMethod
m cy of | UI d| c_device. Additionally, enbodinents of the present

i nviht i 380 ficbides selefivielalransynitiage suhest of tigwee or moserilueTeseepbemission signals

t hr ough I 0 d ectr.a
filters. B@% %%&‘Fﬁ% cap%ﬁ# al? m%m{et%&oeg%%%d%ﬁd ?On%a% i ?Itegcenpemlssmn
appl i caslgmaisumﬂuma pnedgﬂeﬁnmbéspmm ladndwﬁ)dth\andiedhﬂwi ophecks 1By & bret he
present .inventi For exa epnom cs appl | cations includin ene
oxpr oo sFBRTAHE ABRHAOPH ARG Oa1e %r%spﬁ%arﬁ@r SRS RRTIen HiEnaln b
present gdiBvgntd R¥el. Mor eover, D| gital Isolation and Detection (D D)
applications are made possi bI e. As an exanple, applications related

t t t I I l e 30

detBnt B2 SEaaRRiAT elffedinthr B iHebed Suther ies rOREE Srsten e
appl i Caéﬂb@&%ﬂtﬁ@bﬁ%ﬂlﬁoﬂérfﬁfo%sﬂeﬂtieﬁﬁﬁﬁ’orﬁx?ﬂﬂlsﬂzﬁ b ci?, EAPRMHHRARS B or
processes are provided throug]h enbodi nmen of the presént invention.

WO 200579021 Rer PRSPt $52igsiop 6720215 deripagm Aurione Qmmrle)%amgbpmmhlm;t a:pmnf the

the e entton ert ai and/
advan{ﬁg@ *ﬁ%ﬁgf%]%}nbteﬁkee\F/Hé(gﬁﬁ&gg{\]/@?cc%ﬁ%%tfenf 1tine, apl ?{;bt% E‘ﬁ‘%‘baféé% 4t ed
wi t h otleast ohenhanoqluﬁhc déF\}‘iee fvﬂiei‘@ﬂ\/em dfake &lﬁﬁ{befbe.lh%r b6l faaHani4p N
caI ul ations: [00 ﬁgl Sone %_tl’c])nl ng s stem; have a desired resolution

UHRMOeEs | dé%?’éﬁﬁn the ether ghembrersdn thypgoup gbmorethan 48
appr oxi gkl
qESm Tyl M D SRRlare Lot Sh i Crp IR ARG Bt L prAlER R
r esi denfemperatmreat a éachnmpdtlmeswhetbnmhe poaietmndwd@anpsrdmmﬁtyhe a
Iinescan 000 nt s vvon lete in ns. |vale
si gnal -R1§¢ % Q‘fhmf?ﬂ gP @gp t ﬁ%&?&wﬁl@}&m t én %Tssé’ﬁ?l
i nvent i @ibodiient, pafebssiiy @8 %hé ¥r ﬁlﬁ%}ﬁ'oﬂﬁ@hc ARPralibABRs@tatb di gt ind &hé &e

spot as woul d be achi eved by an imaging 10 system according to
pr €Sentmprpiiinressantasejosion pignals fnchies ralneingshpend adnok chrawtorabierrdimons to

rochan SR enfEEP Ber B o aine RVl b e Pie Y AE St i n

si gnal i%bilfpoﬁntgtbscﬁ:fa‘wdl‘bvﬁl‘i @irbiSag ebdrs@ehizelibys MRNANIS dnd ars%%umis
either a large field optic_or _a high NA flying head (e.g., noving at

>=10 mSpracterizedpy aggend qols. davel @@theémeédicmmhqd@nemﬂnp optiggh filtendevice
dat
28{ eciad ?%sdfﬁ%*:aﬁ%%“ s 3000 nds Bty of SRR RN 1
Si rﬁﬁ%ﬁ sone |ications. [0032] Sone stitching systens
;’* i r t | B1 b‘ﬁ RAFCRRNE 1Y theiesens dusienton e qu%aa ophieal depgias
' Mage. dybrefit® ®UELGHTortBiH Affted @ ahlrhicfdMfi@g SEMEE isdiotiiBECm d §Lific

embodiment, the use of the imaging system includes a microfluidic device comprising greater



WO 2005/ 121864PCT/ US2005/ 020250 Moreover, enbodi ments of the present

i nvention 8eneral lX illumnate the entire mcrofluidic device 31 mm X
31mm ar edYO2P053A* and utilize lens systens with high NRSTARP070330 e

field i d i hed t hroughout. th i ficatian,
oo nibA £ ShatBaSRAiantst shoft PRRSmsut 48 e St SR Er ey Shnincines e
are | esgiccoNEiRxded thid has RO¥REbHerit REBroBuikRONSAEd. AAah BUShETS -

Dependi ng upon the enbadi ment, one or nore of these linmtations may
be over@abrsdimgnt Fe yse o8 terimesingsasteryiaclyges cmicrefiuidicdienige comprising greater

enbodi p¥t.£. [ 100, rthe ' .0f the present
Tivent | SR 5 ShaphS4Es DS Bler AR € RubddtibiC ne 8L B 1 el SuflR ihaes
par t5i cud midryflindicolevidoapandisig gipaar thie3 sdiethymntin yengotier AR akfe

t hese benefj.ts y exi st. These and ot her benefits_have been _

descri aRbadiP SRl S fgﬂmnﬁg@géﬁfte@ﬁegmﬁ%w%?ﬁ%% dewice comprising greater
©parti cuhag BY} %ﬂ%s.[ﬂ%ﬂd.d}@hbpélﬁbMEﬁfb%adse Bﬂh%ci{nﬁginges %qﬁclgtﬂag a
advant ages of the present 1nvention can be nore tully~appreciate

wi t h r eherefhudictdevick eonberising eteatietbarn @tdqoual tariBEaohemparsy Ingnathawi ngs

that fol].ow 15BRI EF CRI PTI .OF THE DRAW 0035] . Figure | Ais
1"l LB Bt At PR TG R 4 Ao GRpicsy st orm
acqer di gngrRim ereRoRhAePEq Rl td 9121 PERTMY:s. | MYRD AR ah@ﬁigﬁh dattibdifentB
depi cts an overvi ew of an exenplary imagi ng systemaccording to an

al t er ndthe vee efitho ihaging system freclyies sanicrdfhidindeding cRopiday premeythae of Gyual
is a sit Io'gfo'gsg scgéarrrati c diagramillustrating a thermal control

devi ce accotrdi BaIP % enbodi nent of the present invention; [0038]
Figures 2A-2C are sinplified schematic diagranms illustrating a |ens

assenbl P0EIc oAgserdingdo apothmrsabotimenit theprepms innientiom thaiesemi an pptica

Fi el t . . j el PR . d . fd
e = ek BB RG0TRY b EREEL ETSSIARIE UL Bl Sl
r eddt i af thhaptival syspme frehides an alastoatepit icdifmidiededee ataptsidd PErfomn pidtein

enbodi nent af f{he present invention; [0040] Figure 4_1s a photograph
of 11 udFExelFoR AraesE 1 PRI SbatERIn WSH@PWWBJ@%W@S a

reacti QHlag‘ﬁl%L&&EtEﬁlgni:lﬁdés ARG mBfic FR@6L {b&é@%ﬁg&ﬁ Qdagﬁéﬂ% kffofin
ic d d t%e r?t

m cr of | ui evi ce according to an enbodi ment o rese
i nvent i uvorescuez00653:21 36 BGOSR 6HbORIORSE) thOW4 1 the inapew ysBmaineludes

t di ) f I d t duced usi di t
of "t he Bt R R ERTTOR (0% SHtar PO PETam FHe BRI oaY agr am
i | 120st rtahpéigivire bkange offehipeftirey odér tBnd. URGnbRr SecRSénitdiin Bty %?ﬁ'cal
usi ng an enbodi ment of the present invention; 570043] Figures 9-11
are endHagmEsyearig sl tagolest informatiansielatedetoPSR raatiensadu yeidimather o
th [ i on; 4 i Qur: i.S: j il | LSt at |
ol d anebe sRYSE L B UtnE L s dued s el Sl pidiF 4R

accor dicogprisingreleet eclictien thafibdrh i piesuitic isoleitn. dRother enfb@Bibidnts, the use
Fi gur eéé,S is a . diagrami|lustrating doubl e wavel ength versus focus
pr oduc &4 tRAmaging ssBiepsinghidss & thegmakcontroll sibel ieeupled tor the npereBaidic device.
i nvention; [0046] Figures 14-16 are spot diagranms for selected

wavél erf§02¥ pncoadedhative embadinemindte nendf anfopting ipmesgnystemve imhagey

0047] Fi e 7-.19. are . t.diagrans for sel.ected wavel engt hs
D odut et Ge AR AP rERe. Bt Tl e RO p L hoP sl ERgarRE system

Fi gur 1229 pheaiity®rapebleiAaHRET: fAh é&bﬁﬁé@?‘%?m i i uced
usi ng arél1 elrgbod?tzent of et heglsresent icnventi on(;: ogﬁg Fi gS?ECgQZO-ZZ

are sparedtiaginadderdr [sen evbedinwat dheryicabimmeing rysmuisichgraciarized by an
enbodi Iﬁ&tgreQa.fterttﬁa% ®553 ﬁln;[mo'tﬁ]e\f%lqm 'ogﬂﬁen%,qge optical imaging system has an NA greater
30  than or equal to 0.36. In yet another embodiment, the optical imaging system has an NA

greater than 0.2. In a specific embodiment, the optical imaging system comprises a first
spectral filter coupled to a first doublet and a second spectral filter coupled to a second

doublet. Moreover, in an additional embodiment, the first doublet reduces a value of



[ 0050] Figures 26-28 are ensquared energy diagrans for several
enbodi nents according to 20 the present invention. DETAI LED
DESCRI PTIVVR2845/13186¢) F| ¢ EMBODI MENTS [ 0051] Accor di ng t o PERASAISQERE0

inventiqn, techniques for. mcroflujdic st re proyjded.

o £ 1 cunapmeiE A SR et B oy et Base s han: SyeRebi bSO A i ng
one or pREGeARNENIdvE] 871 thE SRYAH AubiBt Rk WRRIRIoffchtbrthtichibanaiaidiar
of a mcrofluidic device. Mre particularly, the present nethod and

syst em $asend wayslength pessed hifitheagecondsrieeiah fdter kao senond predetsimgingtl level. In

associ a Wi . o) [ nghties i.n the mcroflujdi evi ce.
Vor ol y. 157 Sbihidfs A 0% TR0 g B ik sEnn ot REBRE NS (B RIER 361 g
sy stEnsotecenlipplimests kbt fgstfshetrag flier the fibeddublut] the €Al spevhdl filier, and the
bi ol um nescent readers coupled to the mcrofluidic device, but it 30
woul d beecprd deiistane ansgnged 48 2itigEMEdIn has a much broader range of
applicability. WD 2005/121864PCT/ US2005/ 020250 [0052] In the present
appl i cajooad] efsthercasbaaimenadehd preseat fravientidny fesuse fof d fhatdstannt imaging
chanbers in a mcrofl id]ié_cr?gevi ce.. | eneral, these "reaction |
chanber $/81G0H9 El?&‘é”?)?@ﬁ%% Y ifd 1RpgeSsInC BPER cent gpigsion signals,

reacti opofl dnGficrsiidic QEPicB 3 heviced. Thess oﬁﬂgﬂﬁgﬁséehgghne@i’ﬁ%gstem
chanbers may be closed, partially closed, open, partially open,

sealed, inchidepatnicraflivisivsdéicethaietofs gréater|thati oigreaction dwapbewsriy flokdic isolation
transi ept _conditiaons jnvol vi any. of. these states,,and the . ike. In
Some. enO A e EiopR ghBsRSe Rah b Slinent Moolts Qb M erat ipkeystem
cl oseabjngudes P8 fluidiedaRéLthaf had h RhstosrRtBRrofRAdl c a8, NBL dreftfer

t hereof, and any conbination or single condition of any tenporary or

t ransi esrbedimgnt theriseiof ths fuargscange igfagingesyetentineludes plbralineof feretion
Therefo f [ i I SANQt I nt.en | i.m

t he pr eéhglrﬁb%l Sﬁ%/lgtnatr% gﬁara‘gtﬁlg% t%{'@%[} ggé% ? F}heag (Sal Oc{ﬁ hg#yégtapuéi’gﬁélgg?dlmeﬁt’

~ Addiz i othehkyof thb€lubssscench ambging isgstantindlides e ethstondricthicrdhadipdesieathat is
i nvention, but should be used in its ordi nar% neani ng, unl ess

speci f i kP LY 48 SFaY deetygresicr than eredrablo 109veagsion shambers par of. In

cour se, r =1 . i fd i . .
ot er nat U Rt R Ruh B AR AR ¥ MR, AR om0 <Eh tos B Uptical it dovic,
r ef er entheoptica fieddevice Hding némpiahip phSs a seleatat speoisal fhaodwaltnTromahé uheloc

device. Included wthin the scope of the present invention are not
onl y T BEFCLEETEoR R eer Sl BB dRagaretEL R iR Bt PRare PHOREH ng
chep | uiBcR@aER sso@AteS Wil tHEbACSCRBe TR 8ebHAENSM] HPANSRFL MmN
phosphol um nescent, biol um nescent, and other |um neScent processes,

or any levéler processing involving any other type of indications that
may be detected using a detection device. As will be evident to one

of ski | jooRsj t heaméhbodfhefibétbe preant isydtionFenipticaldystetifol RRerdedagigli on
and anal ysis of these fluorescent and | um nescent indications are

t r ansf eteMes i agpiceibidicgyeemiis Frovidedn da eroptisglsystemigpyiged By tsugh
some e i f I } O hhi ect id:

oot | cal rdHERhE eiqcledfor ROASRR b IUERY (G 200D Eff RESTTIADr I B0
f 1 @B esihemtheanidrdfluidin egentwldplpis iaapedostodio Inahother émizalispeal; theadetector is
filters in tlhe%]g‘;i)t'ca excitatjon path, thﬁﬁg{)tical em ssi on, 25 path,
or bot HoPkallyExEY FhedhrBePH 1dt fRvfcotRe et naens. | Borek parthera)
filtersSemEngmeft, &J&lde&ectq} i{ hé iﬁlrcgnmm c%ﬂB{c?ﬁritﬁ}tl?e ﬁﬁb‘?oﬂ‘ﬁiﬁfc%g £€%n 2

associated wth particular applications. [0054] In sone e I ments,
a var i espgcific edibodimeent ahd datetioo tksinfeonformaldesatdchyyithitioy nidrofldidic devidey des

are utilized hectein,, includi devi ces that can be utilized to
conductAHTHE RO Abodiment chiosatic chewatia omePuaESvatems a5 AeP#eat i on
r eaggt | Offoughb@ tHeYceffcatlbh bR utlli-edncoR @Rt @Ral. 30 mcrofluidic
devices in that they. include elastonmeric conponents; in sone

I nst anCﬁ]ﬁ%]mjﬁpan%rthe%lelmb%ﬁir}ign%, aqle(\lllil)tl%gl s'ysste(r:no ?n grgo é)atcing la%%%c?o%ri&ig device is

provided. The optical system has a magnification M > NA/NAy., where NA, is the




[0056] PCR is perhaps the best known anplification technique. The
devices utilized in enbodinents of the present invention are not
linmited tWOHRHEGHFng PCR anplifications. Other types O?CT’USZWS"MMSO

lifi t b d d
it eaope ol 50t Ricid Wha e eRRB (VCR)O TR O B e e
Genom Chysébs e td AeBiBElorPdtubipd %ee&bt&ﬁoﬁhee pas§ 'a@iﬂ%ﬁw%%alﬁ@ 7ﬁ1 4 %%%ﬁ?c)

(i) transcription arrplrfrcatrog@fsee Kwoh et at, Proc.

ScL USAeIBBO@IIrth thegBtecior i 2 IGOD sed NAgustoaih @eﬂmﬁmbochwm dhaet deteetor is
(see Guab? dsé _,;1 a{\%‘gr og Nat Acad. ScL USA, 87:1874 (1990)); and
(1v) nu i c®% 8 t uence anplification (NASBA) (see,

Sooknanan, R and Ml ek, L., Bi orechnol ogy 13: 563-65 20 (1995)).

Eact of [00RE f & elg@ddi@orraéﬁmbedimt,an@ptln@i@wmmafpemtmmg pamples arae nc e

e dostiEROE s Brovdt, ARt ol o Pbute Grahe 478 LRI

devi cestifnb@thel dﬁ@bmswf%mem e @hidRIRIERE devivatotRsining rée&sﬁUh @hﬁnbers In
solution flow through the device. Thus, nethods for conducting

anpl i f | EaePbeAimens iibgmen of the mierofluiic GivicmpARgouRs FYAP lgcBarsbeis to be
d 8
Bnd i SEitane i AP abbOBRhER RACR G IR SRR NER & BB A DGR

subequantptablery destmiged by 'depth dfﬁbh@d&nélderadeﬁmlami;tonhl@hc&bpta‘am diissstalk
Anpl i cons ri sing doubl nded DNA can be detected using

i nt er ca}P%YWF%Ihn}%aﬁztéQé‘ eifst v FPapre e And fistreinmg al OPgé‘Ef‘e% axis, and
I d
B e L R T R T S o

sequencagageng,fand tigeties tharkpsdhb eﬂ&oam@enu,sndmdet & sucB it A5 ofinRident
detected based on their nuc| eotide sequence). anpl es of detection

met hodslightas legtat tW@WSPEfﬂ%MﬁM%MEMm&M th@dﬂ@t iy Anather

| ti~d
187 Sl B8 08, RSO0 P 8 i
r esonansigfaee &g refladtivhe) vigtdititipl knd BRSg6&. d8tyeCinoter WIMT&nbdﬂﬁ-Ent the

based detection is a referred nmet hod for detection according to sone

enmbodi M¥Ausisolich ﬁ@t § rlﬁ%’(e‘?ﬁlnﬂldvlﬁdtghbw 10$trﬁﬂE ﬁﬁ@ﬁecﬁa%ﬁamﬁg reflestionsge
fl d h
1 wor opHEREtTg s iRy docBatrekye grbptimeal SR> P Rl lientie

donor agfha@eRt B =fil uorophore pair are seI ected such that the
em ssi on spectrum of the donor overl aps the ex0| tati on spectrum of

acc Thus f fluoro te hrought
surlor R i ons AR 85 RRicralbp PR BV aflich S PV epbil e
donor  tchiguac G@ﬂie(un‘t@)dﬁnﬁﬁ@yfovﬂﬁd)p@laﬂ 1ﬁﬁ§ﬂ@t59§téﬁ§ to fenépdts Bhd/ d&kct10
assays are known_including, for examnple an ot Limtation, tenplate

ext ensi %lrprws%@er forg 2 1pig mtilafip‘olée RkdgtigiRnalp (eabatiarenteeidbnBreser dnvention
| ”Vader @%ﬁtlcatl @?&é‘mé‘ Hat A5G {&p&%ﬁé L&drtaYioR ?1{1:8@’%1} {hg%?é’ H‘f ;Bo%%fj
exte ons u

t enpl at sron reac Ize a priner nemnber
of a doavbrdmmnﬂhmbretmupledndspecmbﬁhatj de | abel ed with the other
nmenber of the donor/acceptor 15pair. Prior to incorporation of the

| abgl edigp Ie%&@ b{litP of PEIRETES niidbE éa@fzsn

ext ensi ong%]eactr 0 ¢ titﬁgo onor alrir% gccgp%}gr rle sp%ag]tegsrngr enoﬁrg%are
apart tpravidedby met)dmtse:rf tbaprestnt doeation. I—Bmeaxem,ple genbimgcs! appHtaibns

nucl eot. i s |ncor orated .into the and t he cin
T F ol e oS SR eh i S b B B e s s od oL b e presgnt
These AR, MEredRr! DF%;:daﬁIsbbénHﬁ ghdlDetdti6® (lﬂm«)tdppgcasioﬁghe rﬁé’&epogﬁbfe
extension reactions in the 20 detection of S|ng nucl eoti d

pol y norfyhe pramepie, applicatioss ralaieditd ¢angersietqtivnas wel as &ngleszeﬁsmacm thollgnle
t .1 t h | ed
me ¢ a&eté)c@iox\gng é{l%’lﬁlé %txor% g p{&fa §d %\%ﬁ%ﬁﬁ%ﬁf ?ré?e%ﬁgf%@é@c%hogﬂ ?r?cﬁ%? 5

to 1 ncrease sign
protein-ligand binding and an immunoassay processes are provided through embodiments of

the present invention.



5 are conplenentary to one another. One end section is typically
attached to a reporter dye and the other end section is usually
att ached W8 280543 éher dye In solution, the two end se@??ﬂﬁéooé/&?ﬁpzso

hybri di ith ch form halrplnloo In this

conf or ni‘f‘i% ‘ﬁg g‘ﬂ& “ﬁ%ﬂ'ﬁf‘éﬁ‘ bogiracngs élp'ihﬁ PEsSERY IpYiony ceslas
pr oxi i wnetﬁ@@&ncf/&%%@g&%a} B@éﬂhﬁé‘féd %&9&%&% e B fair ﬁnﬁ%&?gtdsy&gafea with
quenched by the quencher dye€. Hybridized e, In contrast

resul t s other techniques: |E®cf05mﬂxgrhmbemﬂﬂt¢nmm&ﬁasemepceu¢a¢mﬂatmhsq uenchi ng
i s decreased. Thus, by nonitoring emnission changes for the two dyes,

it is pesusipl Sohe scaﬂnﬁggjrdtemmweta%sﬁ&frefs&hﬂ&& bPT0 R, A Reké b}?s?éﬂ}éj'ﬁlere

product. Probes of this type and nethogs of their use are describ
fur ther arefagiotab 2B ap00x300¢ (Prpnreximateln 0°) ‘spos” forwhicBilveorsstanct is desuably

and Ty agrentBeaS For b REconiER bl 10 R BREC DY Bl ot s
The Scokfimftrebet@nd. | Attordinglgpa lisesd@s@00b gdmt @foxmaér‘éﬁr%pleﬁﬁn Bhed ved bet

et al. 2000, Nucleic Acids Research, 28:3752-3761 and Sol i nas et al.
2001, " PBYAstSIRaliuRolss t%%a@c@vmla&amygd@eam EErressmb nvieation tke

Nucl f
or mor e eatRaRLIL DL HmesBe bR G Rt & AbAYUeAShRORRL al ibging
st opper sysin Ibr@ydmg ¢o thsqaesient inealtiohi acguisinp hisignal swe aipktiod 81 eedonan Tof

PCR produts mtﬁﬂ eneou OthIOI’l Two dlfferﬁnt formats are

possi bl 5as & RSP 6’6’}‘31“ B {004 Hees s seqqne ig eften Breghanicaily chalignging.
cases the d@ﬁtﬁgﬂ @gl | @

Cooe o) lé(;ﬁrﬁﬁg%gH%'r”@éﬁl§s(1bl§'§1§§ﬂ‘%1ﬂﬂ&ihﬁn%fﬁc]_§lﬁiyl?baéésggﬁ 1 O%&;e? Iy
prevent IERERGS @ﬁm e farge Gnldatpticlos a]l)ngittiﬁAdhenghead (igh,inpovangs ptere 10i mo/spr hibihis

sequence, f cence ction em 2 ont ai ni

| east oﬁaese’f étgﬁﬁg?%eéaﬁtgﬁﬁfp cé’@%@%éﬁ‘ﬂ@ﬁ?%ﬁ 8#’ S‘?CI‘?BHQOI%
Scorpi othaf mma célhRtedas whd @per Mmia!na QBrieP Bt ik ASvide, SHMHIERGRAIENAD 1 B
conpl enment ary to_the probe, which is rendered si ngl e-stranded during

the densfrig amlisatiensage of each PCR cycle. On cooling, the probe is
free to bind to this conpl enentary sequence, producing an increase in
fl uor esfida2E, Semetstiechingesystears acquinomubipleimdges hidEstittle theit the@herttb Form a
fl uorophore. .The PCR stopper prevents 30 undeS| rabl e read t hrough of
the pr o%nwlt?&aamnﬁ&w PRsE Ofg Y08 shitch ieasther an smagesironpmyl apkwgi/@mx 3
Technol u

and uti Ty rages 03 RREe it nAlfEe R, (R G R oteonity 0 AERRNKElthes
congf) enwntldrbe 108 riheAssungeg thatigipeoximatilyih4lDi4 thne EI‘slp&nt@moxpmg ywdhigdfihem
site. A‘lsecond WD 2005/ 12186 al 1182005/ g?gzg oI | nucl eot i de1

desi gnat™®§ 1% ¥E0% HRTEE %W{fge BHRECHENE AR bglsé’étﬂnd‘@o
sequencgsneliiity rfi8re3a hgﬁt%@%bﬂ@o&ﬁﬁé&%@ﬁmﬁ%ﬁiﬂme@lm&%bﬂ@ of the

pol ymor phi sm The Invader digo interferes with the binding of the

si gnal Peesé inventioreaquaitia a sigdl ever aamrwdmfdrﬁet:m andler 51ugbﬁe[NéfotUM1ve

pol yror BritaRicnHE8e Setc Afbne Bl TG G5k 1 5ri8 Ailoie Emand peming

endzhucloessenpletaistopdn Sbenﬁ &(&Mﬁ@@ll@nﬁﬁééﬁsysﬁxﬁagéﬁéﬁll? k@ Tated calibration
flap of the nucleotides. The released flap binds wwth a third probe

bear i ng® mogiga pad lighfdpispsity igrekimipeta ﬁ@ﬁgﬁ‘eﬁ‘fﬂfﬁgﬁl feom stitchigulée data
recogni e S

Cl cavos et st B 16 EA1AR Rt CHTEr of L Serhdd Bl BEL CERIAST oGV B datn
si gnal . clecteShiPthgepeenipiiignd toraers mdide is prnddstrablielih S(hlﬁe agsticgtieth. t o
hybridize with 10 either the reference (wild type) allele or the
variant| a i

o 51 riol oy ¢ pohe bRl yest ot (66 bRt ALELE provAIC e SRk SRlcH e
suf3( ciare of the uitwdushe devicois dinagedalkitionke.i n arhenlardimenten pihdehi Heskcbyds

for exap@"iﬁageh%%vmﬁb%, ’sex%ralasleédndé ar’gé:g%gtlolnntlryg gxl'eee{v%ﬂéal\)% dS)?rPc Olzl)'xrlga:[tl%lnn

problems are reduced or eliminated as data is collected from all the pixels at the same time.
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extension of this capability, the devices can be utilized in

genot ypi 39 anal ﬁses Genotypi ng involves the determ nati on of whet her
a di pl oi YBPYRHPSRH (i.e., an organismwith two copies OPCE@§FP0§@?%§0

contalns two co reference allele (a_ reference-type
hormzy eEpyern ﬁ@be@wﬂ&@ﬁ hepresed pvspiiaerallydymingts télﬁtenfallq raicgofluidic

(i. aacvkb%t(ﬁ RN ﬁmm%eag %EB@&e%dhﬁﬂz&I%Hk Ssstdihs with h?%m;xg 2 a large

al | eI e (1.e., avariant-t onobzygot e). When conduct
genot ypiaid oﬁmWy sikssdescmhedmrdugheutdhe pﬂ&eenat Wﬁoaunn,(mmbddanmm bf the ghrésent
|nterro at as, described furt

bel ow | HOTHEDPERe alan AT btecs et ot 1es FrufRish ol MePepuvstBy tieq 1o

det gr m gavédiRnaRRteMRe ipeAdink BPb ihdéalbolifindR rBheQirfIﬁ&é 8ntheRNAnit@dns
ei ther on the sane gene d| fferent genes or conbi nations thereof

10[ 0066pampwgom@ béhanrpsenymgthods andosyisatsi aq:gorgmdwpmglmﬁa yfishe

are desj t|| y4 Q ate | 7€ ure
T om o B St ahAfhel 886 @ine bleEehy By ARBE BRL Bl Gl Ra iRy £
for a dirpent qaesimhﬁ@rt ala:‘rmomwwml)rbdlm ]D@[&Elﬂh%ﬁlpﬁh&l@e @hb(ﬁilﬂ&eﬁ'kaﬁ)é@r
DNA concentrations. O herw se, an anal ysis coul ield results

suggestneiy affagse henrittemay gyt el hese anthofsrbeshits @Vﬁ'bﬁ‘iﬂ Frserbpsdheoughont
of jphe. tﬁ@P&g&tﬂb%cﬁﬁ&tfoﬁ aﬁaﬂncgégwﬁlaﬂgga&m reaction site. 15 Table 1

bel ow i ndrcates nunber o op| es the genone present in a1 nl
reacti | u rlou exe ar oncentr ions that can be
utiii 2 ddoddh »Vads %lag%g?fsaéﬂ%ﬁé? pdyaniagpeolt enzﬁ%@rmwna%ﬁm
Copi €S PERIRIY aifted t%d@\ﬁﬁﬂl Fdr&ice¥O rﬂ%ta@tedue@c 5 St oPinying d
concentrati on. %&e % | une r?ano cF'ter}ﬁé gLﬁl N 1 0.33 ){LH(%% rlawmgs
0. 10 3zhatfoll@d. 16 1 0.01 3 1 0.003 1

15 BRIEF DESCRIPTION OF THE DRAWINGS
[0035] Figure 1A is a simplified schematic diagram illustrating an optical imaging system

according to an embodiment of the present invention;

[0036] TFigure 1B depicts an overview of an exemplary imaging system according to an

alternative embodiment of the present invention;

20  [0037] Figure 1C is a simplified schematic diagram illustrating a thermal control device

according to a embodiment of the present invention;

[0038] Figures 2A-2C are simplified schematic diagrams illustrating a lens assembly

according to an embodiment of the present invention;

[0039] Figure 3 is a photograph of fluorescent emission centered at a first wavelength
25  produced by a reaction occurring in a number of reaction chambers present in a microfluidic

device according to an embodiment of the present invention;

[0040] Figure 4 is a photograph of fluorescent emission centered at a second wavelength
produced by a reaction occurring in 2 number of reaction chambers present in a microfluidic

device according to an embodiment of the present invention;
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[0067] As a general matter, due to stochastic proportioning of the

sanpl e, the cgﬁﬁinunber present before an anplification reaction is
conmenced¥8el §ds the likely error in the neasur enenPCTESRUSHHIZAY

anal yse ing.certain devices are.typicall onducted wi.t h sanpl es
i g T iR £ e B G B elared e B e o e ¢ e
currentegﬁoammﬁﬂ@pmgpﬂgmgiﬁuﬁﬁ§ﬁpcessfuI TagMan reactions at
concentrations in which there is a single genone per reaction site.

[ 0068] Y R n .can be co cted usi a variety of .

i 1 or efUAZh il S30 AR FHERR Be RS P R Bk R dimstion 5
obtai n posi@sprodticednBing @sembodiment.of ttepresdnt BReMasy only be able to
answer the question whether a given allele is present. Thus, analyses
can de 0 R ' t -

o o s L e L L S Pl g
pot ent i thelpresant Iavesionpror phi ¢ site. However, nore typically, priners
and nucl eotides to detect the presence of each allele potentially at

t he pol hi LR ol : i i i on
(SEPD) B G L e R bl g R ioR e T sl
conduct systengprevidedianeprding ty se smbatlinend ghthe presetteénvaftioBPBE assays have
been devel oped, the general approach is quite simlar. Typically, '
these ap®asp TRt Y®idWBaERAZiRGrAind doiBle wildlenbh wHRIISERMadited By
target nucleic acid such that the 3" end of the priner is imediately
5' t pestapaacaprding toangmbodirgent of e preseat mventionkt ensi on i s conduct ed
in the presence of one or nore | abel ed non-extendi bl e nucl eoti des

t hat ar {0d6]p Figuees Bi-Y6 hue spbiedid Sramd dbeeldctbd(waveldgths pesdurd tidi8g an
variant sjte and pol yner.ase. The non-extendi bl e nucleotide is a
nucleotPﬁgmgﬁﬁpﬁﬁﬁhﬁaFﬁﬁﬁéW@WF@n#urther ext ensi on by the pol ynerase
once incorporated into the priner. |If the added non-extendi bl e

nucl eot [08d7k) Figifer &) 12 arppendingmamy forseldotedrvmickaibd pralucedesivgan ant
site, the&gﬁ qu%lﬁd non}exteHdLble nucl eotide is incorporated onto
the 3 effBOUMTERECIIPT HEret dGBHEMat e a | abel ed extension product .
Hence, extended primers provide an 15 indication of which nucleotide
i s Jpr esE8ht Figuees2-2hane sppt dagbmg formelpstedrwayielsngtha prafiuc&liedingren hods

and rel . h [ I, ed, for exanple, in U S. Patent Nos.

5, 846, 7%?‘9%5%@40%%,”%‘?@@%@?’ 5, 856, 092; and 5,710, 028; and in WO
92/ 16657. éOO?Q] Genot ypi ng anal yses can al so be conduct ed using
quant i t B0tk Perresethétiare spat diagrame fatselegiofegvelenpthp produgebrsing #it obes

Conplemﬁﬂs@ﬁ%ﬁﬁﬁgﬁﬁﬁpfﬁ&%ﬁ§&mﬁ&&%ﬁhc forms are included as 20

reagents, toget rimers, nucl eotides and pol ynerase. However,
reactio an_be c ted with only a, single probe, although this,
can cr e@g&a r’rgi%‘ﬁ‘?st%&di are eneTHkaher gy Jiag s fforsgyer e‘%ﬂﬁ?@@%éﬂg@ﬁi@g to
of 2 pahkippdibAlindddighe or sinply a failed reaction. For the typical
biallelic case in which two alleles are possible for a pol ynorphic

site, two differentially |abeled probes, each perfectly conpl enentary
to one of the alleles are usually included in the 25 reagent m xture,

t oget her with anpbHIAAEDDESCRIETION DICSERCIFIE EMBODIMPNES ase.
Sanmpl e containing the target DNA is introduced into the reaction

site. IW08He Acrapmgte thipiesens inpieatien techaignpd Broverefipidissystemseme i n

the t ; i:f]cati b .t i i
dot ect A uoBtorn A EQIATHE ) Roh o RES L Reb I EHE R R ipaflelghefr more
whi2zsh  oéntitieesidbéddedén tivalunsd ghfiid i a ohdnabered a niib flufieabéviye. aflotde

nucl eotide at the pol ynorphic site can be determned. If 30 both
si gnal spaé?‘éﬁ%}'&t g‘&@ﬁ%@ﬂf H@ﬁm@mﬁ systera fesimasingses idicationefiama fyqresgence

cont 1 o1 LR G O B TS R OB BBk PR Y by of
expr es séxampésn dietecimiques dovmicroftidicmethody anlieydteve kreatpplikd tdingflao@scent,
chemiluminescent, and bicluminescent readers coupled to the microfluidic device, but it

30 would be recognized that the invention has a much broader range of applicability.
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15[ 0072] The design of the mcrofluidic devices utilized in

enbodi nents of the present invention is helpful in facilitating a

vari ety OYO3URE2B%Hr essi on anal yses. Because the devi ceBCEYS245R20350

| ar ge nt@gﬁf 311; reacti on |tes | arge nunbher of genes and/or
sanpl es b thedresgntapnlig e‘lefl arg Bpgeto eEtap) R 1| "srackerinnel
devi cesghalerd ﬂsdtlﬁiw@mame%er P gériefal] B Seioh UAHIRAS iRlubEQlBERH
of genes can be determined at the sane tine he devi ces al so
facilitsites, mptdssnewhmabergmw/cexmcegs isides, ma¢qmlusaudtvqfhh¢sheandahe like.

desi gn, ed.froma can .
t est ed esgr?g F% i’ﬁni‘f’&dvﬁﬂﬂﬁ@@ il‘épefer he‘je;@T‘Foni‘ atiqps
an ismegiebs|ixcladi tneﬂam?eirtrameﬁt dofiatiehe; Iﬁem% ctfhﬁe 8a@fesCind
detection ané c'Ehe gg%reacy the results 1beclaus %ﬁtwo ssa gs ar%le

run on ke IBsamesmpbodiments, thechamhery grasealedy cembéeroftm@mnbd closeable

;logg' LH@ tzeéléé a?hcor glloreiiéi %15 rr%,yaéﬁfco{-}'{%gr[a%lxn %g%ﬁ? S%ggwfl 1%}?& SallIrlg e

Cert ai manﬁltidmezfengl eatheoa syl cmﬁameient donjlitiang iﬂv@lw@g aiyoof thyseGiatds) O the like.
channel s forned in_an el astoperic substrate, (il1). a. second pl urallt)l/)t
U

of fl owtiFelrfege phmidI™ fsa¢tinn drmbepigapt e@@s@ tqlmt theipiesqny inviestien,
th

G o0 Bl el nfl suioBife SRRy M BT Ghafb LY itk B Rl e
first oprdseméurrnti@() bpt shoald be/used if its)mrdmmymmhmzlghaﬂessapechﬁc Batwed ed

to isolate.solut i thin,each of th ctlon sites_from solution
bt ot neispaisied ot By et el RS besp rectit i ClicPtpe et i e e HEHonS
over | aymagﬁﬁggt%rgrm{mﬂ@n%wg@e fl ow channel s and/or one or nore of the
reaction sites to pr event WO 2005/ 121864PCT/ U82005/ 020250

evapor therefro e fore devi c C

ot 12 o0R ChciE Rk B et 7ot Y B roffgbreseent

i nclsudi ingichh@serdm u@mdimale dpdeat ymdeaewﬂﬁ ﬂh@ RedR. df the hro@mNRELAfdEe
of nucleic acid analyses). [0074] Sone of the mcrofluidic devices

uti | i zenof opbysilvgrescomi indichijonsebw dpmincsesnhisdicationss isTusiing cheoy vminescenss
"bl i nd Lit
b1t ndl chotiolpRttsdht ofAROARRAMGRL L), BRL IRty RiblhPideidond ang

end suctthértiatmisstant provessas conby otfhiet pfocassth ganvdlvingeanp lotied tygleax agli caions

one end ere,i s not, a se ate jnlet. and outlet for the blind
channel® }1& nméé%&%tsw%eng é&ﬁﬁeﬁféorg%wa AS w@ ke adapt tq epe Aakill iy theart,
chamnel mEtﬁo&sSéHdasE@teﬁlsro%gfané RAfnd ﬁ@e&ioh&ﬁd %ﬂé:?ﬂ?l)f e J@ﬁd}b&@nﬂ 4! at ed
reaction site. Diring manufacture of this type o? evi ce, one or
nor e r dagénassent indieatinds exei tragsrabdmbbyging mﬂleatmeﬁoanmthd' aAdditienally,

reaction.sit.es, there ing in.a ni f.i cant ction in,the
nunber ORI EHmS; E%Cﬁeﬁaﬁﬁﬂ)fu%@ﬁ%ﬁwﬁ bEeRRorat BGs repetid o
connectgéméms, aRisishdir e ﬂﬁ:tswfiﬂfveﬂfloﬁ hase NS ofedsdht itkundhdsctite
reaction sites can be IIe froma single, or Iimted nunber, of

sanpl e aPRpeations ge @ah%tdwrsppﬁel fillgrsan iterontisalossisation pagh,ithe opijral emissign
O PR el B bR, U0 R ern UG i Rlent el RER TGRSR

f eat ur ehe aft mh eppfedlaw the diffpainss mablaeae;hﬂqﬁm@ﬂmca@phcamhslde a large
nunber of reaction sites (e. g up to tens of thousands) and can

achi evgghsghns f-jh%t% é:ﬁs cﬂﬁi and Iﬁgﬁpdg‘fo?ggndu% 1%%81&%r8fsluidic

reaction sites V|du ectlve ese
al so dianalystsyare nahmddteeem;moludng dgmicks ﬂmﬂd:anrmdnﬂized)m a:dmdtldit&hme c}zrﬂmg

t hese devices ¢ nal 20 mcrof|uid evices. [0075
O her rFEHEE o THE gfﬂﬁ%?@na?age%%g@ 3{’5‘? @%coawﬁ&tma
desipgn micfbfﬁﬁ&i@ﬁi@%cesnih‘%ﬁﬁftﬁéi} ﬂbﬁdgﬁlébt%ﬁﬁn@fcoﬁai}bﬁerﬁé‘ F’l?sdiﬁ%idstﬁﬁ &, much or
plurali of intersecting horizontal and vertical f annefs to

define Béln)”lpfathﬁr devies is cemppsadrpfsiastogneic ipiterigdoiFot sxamiiple,ramep]Featiororeactions

can be linear amplifications, (amplifications with a single primer), as well as exponential

amplifications (i.e., amplifications conducted with a forward and reverse primer set),
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5 (attorney docket nunber 020174-012400), each of which is
i ncor por at ed b?/ltzref erence inits entirety for all purposes. Usin

massi vel WB&P‘P {%hi ng devices, a sarrpl e can be partiti BHPGJSFW?@%&SO
mul titu 0 dr cti.on chan and reactions_carried out .

si mul tag@]égi ﬁﬁ*’ %%aeﬁéﬁ%ms PO, ﬁﬂﬁ@l‘?fﬁ? FRi af e grssrridavention
ar e desgtiliReslidiehehie] R de{dehBl %&ﬂﬁ‘ﬁlﬂfé Aidege il Mﬁﬁﬁaﬁ]oql r@é/cnons these

utilizing various conponents suc I'ow channel's, control channels,
val ves dedpass ﬂlmmntsabahawwmaﬂv depasited wathisy the renation sigdssire thossagents

mat or | afeces G e O] Wp B e FEO o 1Rl I Pt some

and $unet amafnheemsndvﬁagaﬁ d¥pbtivedd prigeRy pollinerak ﬁﬁcrabaaéwhﬁtaq 1&@%1%% and
that are forned from%astlcs or silicon-based materials. The nunber

of reacFPiasioehinsErEPls: dhicsampledniraducad ie dhevgactionsde anishicasasts thef
the pr e?ﬁ{iém agﬁd gf&%b ARQ481vel; Vf%ﬁ%éérgglb%mhg% d&ﬁ;{ae%@ ?s?tﬁ Qfl&‘ﬁa t hem

to be u I'ze ination I Ng

syst ens amplifisatiohreagdatsiflveeddnie the edaglion sites oA dlischsrgd th MersdetanfryiEdsut
that require tenperature control. ddltlonall those m crof| uidic
devi ces MedEpEREReicHion, eﬂéé%% S5 1t izs%to cRFustaGIERigaion

furider degg eaﬁa%gg B Ra hﬂ}g‘ﬂxﬁléﬁ 84 %m&gg%}aeggﬁ ﬁﬁ@%@b&tlé 190 he

reaction sites vi ces IS type | e a nu er of
guar d cbhkamnels anditd/amplifeston miagents throbgnbe herizantalebbwietahiels biveice versa.
el astoneric device through which water can be flowed to increase the

wat er vamat] PPERsipRipt HerbebigothAibSlifRiatisn fE%IafiE;h@' Tﬁé QEAE 'uﬁﬁzéd'!iﬁ

device Is formed, thereby reducing evaporation of sanple nateri al

fromt h@nb@hmemswféhqmsenizswpmmmgqre nat Emdedr co@dwmm arn@hﬁcatlons
the m cOMT oS of B EULRR PRoERHE S R R P P B e Mg,

be Blap{ipligdse chaileedction (BCRY Qﬁé Fok and Whllhee Genemnk l4tsadi (@9@9\&!{1& €andegren
Where the mcrofluidic device i.s supported by a substrate materi al,
such as®dfilylSiuce ?‘f”déoyr (1PR&)1éY tanseitian amphifiestion (el weh etrladrac. Natl.

| astic !
01 e SUER! SREDSAROFBTIOINY (B8 sel's Rk R B B0l lioh (e lala e &7
havi ng BmaeNa&t‘knaérSct U?SS’A)(SW 18!?113(1@90)}3@11& yiviomdleic ticitlb@sed sequence

heati ng, / | i.n I of t ete erat u cl.i ln a
preferr%"ﬁclg]ﬁ%‘ﬁ1 ﬁr@ﬁgﬁg)ﬁéeeh 2Ry é%lapﬁig’lﬁg%/ rﬁ&%‘éf gud31H8r &S n
| N ZOMUBOSAL BAth ¥ the fere¥@RY WIbRANEHe IRbrpol¥fed herein by ref: {
L ARDl VTG 8 ahotTon Tarcd Fareee in their
m cr of | entety forall papogssef erably a portion adjacent to where the
reactions are taking place. Alternatively, arigid thermally

conduct j0087p! Mcesry, deetaiiQiedRes b debignsd & %H&t%&ﬁw&lﬁg%&ﬁoﬁm%

mates wth the heating and cooling block for efficient thermal
conductP&R) Wetmemcﬁbfhasmpbds one Thmogy ¢lagfornerigraal vestto segulate polvtion few

devi ces 5ihé il TR b CSHcﬁlcﬁ 'El Eaﬂﬁ?é{g{{ ztgc‘tioggwtg%%%ir\égsl 3t

t he h|g t Wroughpu tenpera ure con capa i'es” make
de\/litesﬂlmmnaf@alsqnprofvmw ng | arge nunbers of nucleic acid
anplifications (e.g., polynerase chain reaction (PCR)). Such

L ?:’iﬂ ![ sm(?f 8]![ Lhéﬁ.rlgﬂlﬂiz'aﬁ&&‘ﬁl%ﬁgctékg*qﬁl l?:) éﬁﬁrb%'d%te@t%d'ahh Hﬁ‘hﬁgﬁlhﬁleﬁ (%eﬁu@?

evi ces, especi eir use in any react
requiri lsglateérmerraicmn chanber ok at &y slﬂbsﬂmemt tirné) ushrgtrbultnttanaﬂhdéﬂ Bir dedcting

that the eV|c re .not limted o&h se cuI Plications.
The deviieises asifs amgtifots somtrisng davhls-yarbf ONar cataisedoiing
anal ys emtd@alstRAclyie® Rifch SRR ES1, Pive) Gfen @%iééﬁl%ﬁP%eP'f{ﬁé SERehk quﬁji

interactions and i nteracti ons between cells and vari dus conpoun

Fur¥her etbidium bosnide éﬂ(bﬂ@\m(@é%ﬁetfﬂﬂmigholﬁ%t Aaoalh Chsmn66:3Yelc#8) andidr gal
15] 0081413&%&%8963 More Bkten %Efﬁe%%g-sgéﬁ c 8&6&0%%&11&158'&&6? ustéé&l Caamglicons

are detected based on their nucleotide sequence). Examples of detection methods include
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WO 2005/ 121864PCT/ US2005/ 020250 processes to cl ose appropriate
channelsﬁ9nd t hereby selectively isolate reaction sites. The reaction
sites can’B&"3JéHty at any of a nunber of different | oRGTUSHOSH0RH n
t he deV| trix- e, devi ces, the act|

ire | izl 5 At S imdolaRes BREcH OYBRIGRA B30 e R ey
bli nd claB&1B@moltRViae 88acoh$6r stBECHTB Es8dce rés%né:ﬁ%%h&%y%n&i@?‘ ERETYhdsb8

blind 5channel. [0083] If the device is to be utilized in tenperature
cont r ol detectionispyemg.eFRET *tbh%ﬂdrfb'-’éf;ﬁ@bll irgp prsartadanghod fomdatection ateontingied

in gre th ashonecl ally fixed to
" s ppotii b Rimeh Gt fhe fr B pOSLRR® b EREHY hifa oS B iiaghn dhiiSeite
pl aced foma do@ﬁp@épdrwrpax@mtawépt@ (@bénchég flueropiiBledn atddn6Fitceor t he
tenperature at the_ various reaction sites. In the case 10 of

t her mocierpphpre paiEis dsiested; hedlopprandrassenier Hucieplpre naix Ate Serctfdﬁuﬂb@xat
of ther

ol ast orp AT icpBonf B e WA oVePERL B8 oh O Kb PO ARG R Thus,
react i omberctha phie of ﬁadtobhom aretbaowght mﬂmgsﬁﬁm&nﬂ;eclysa)[ﬁrodnﬁlt)ewem‘e another,

detection S ste ssentia any | ocation on the crofluidic
devi ce.® %‘? @1 dﬁa%wég a E%/%EFWCEBGE’Q%PQ’ é@%@ Fe &Sty At
sitig i tsel a§@k1§b Wekdai \

fl ow chann)fesl s or ‘g}t t he r%fl n ahﬁ%% ngl\?tvlac anrﬁ%ﬂer}kﬁeﬁ?g%&%af
t he deviwstiiativeRTulGR1 Motadular Bnmsmbsand dtvaglet gsstysatispaareniesaribvied biiafly
al so means that certain detection systems can be utilized with the
current Xices that are not usable with traditional silicon-based

i cr of | PpsPjc HRETGEE - tezﬁﬁh@%gtéﬂ&oﬁ%hcﬁ@nﬁﬁth&z@é%rﬂ@lélﬂaléiﬁrﬁﬁBﬁé SehibR} of
are incorporated into the device or 20 that are separate fromthe

devi ce Béanoxiapeentay pairend ﬂﬁéclﬁ@fgdﬂnbeiﬁdwnféthl%vﬁl@énmb@@idb@ dastosdeceptor
of et (s TR sl oD R iR 0 Pt AP A Bl

array afdpumddnt extensiGemaciin, &e@ohbﬁir@ﬁccsxﬁﬂmré sfmﬁd feanenth 4kt thetenefgy
reagents) gagn be introduced into each of the.flow channels, a | arge

nunber SIS SHIMet ogcls Howege: ddhelshrlad ilu%le?téded’e‘ mﬁemmts#géo rpérémer@pd
t
re>e<2$rp: gﬁe?@m{édl fe%ﬁ?ymo‘g‘e h‘é&?‘%‘{eﬁf’y uce | nt 0 éac ]%u&? c&ﬁil?% er ent

vert i cahethbdaare panmlnelaslyamfuhmchohﬁmtmgtsnr%ma tpa:(r @xteﬁmbn edactieageaies)

IS .ntr eac N.horizontal flo n

o PPer aitsFEfol MRl TReHoRte RunahmbEF ShndanedednBeliaals. hefgalh 5,945 233
mat ri x ﬁ@P@PFuﬁlﬂﬁhbﬁﬁjW@W}‘m?lé hefie bt cah oﬁm;fan?%bh%dn%@méd @n of
the vertical and horizontal flow channels. Said ferentl

val ves mer@aqg@gqal wiegithedemperainraernitel methiode and apparaies dﬂsmbﬂdthmlgbout the
verti cgJ 9 egq% erLs or just through the horizontal flow channels.
Becaus SRS o ? is type allow flexibility with respect to the

sel ection of the type and_nunber of sanples, as well as the nunber
and t yp80efl rég@gﬁ%@of spisalled realitimaasargplification” methods or "real time quantitative

2005) 124804RCTHS2003L 080200 B L HRch i SRANGH A0 RY el

whi ch one vvantsh%so screen a lar agal ns

rel ati wahpld w:geasmnngﬂte mouneaﬁmnpluﬁmnd 'mt-ddmsfonﬁb@dﬁf&utg op@ﬁbemec es

can opti o |nco uard chanpels to hel p prevent evaporatiqn
Weatonaeoanisar Boe k d

of sanpi@® BIECBG Y CIAYIASHRINSTT ReReris cyaapigid a e
utilizehi Hﬁeém%mfﬁ'étﬁ@& wmah\ehﬁﬁe Qfehvyﬁ@&sémgw Jnt dﬁ}}@% sTHeSdr ftfelt e Lt
device to weave control lines and fluid i ne rou e device. For

exanpl elhipynethadiofimaanitbiing thel formeation ofaotplifiagtéon prbdwctumwasybﬂr contimious

I t t Al t .
poaDi biracasieemE o7 Rk B0 eh oo BT Brns g ohL ohelfH OB P e T elapiite
devi cegprahd -0Wn fahprodct fro@fentlP réfEREB0GH ic Weradi€as 1Raahq el aoWdah Rk,
being in fluid communi cation. For exanple, in a partlcul ar design, a

for example, U.S. Pat. No. 5,723,591,
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[ 00871 Accordingly, a particular design for a mcrofluidic device

provides for a mcrofluidic device adapted to react M nunber of )
di fferentYOIABYRLi t h N number of different reagents cBfpliS3Fa{20250

ot e (00 e PR RCIEtaEE beions ferbonds nakmation SONRREE A isbRdizes o o
r eagent cGhslehRhtaBeicBtbn JF thd AthSliSIPHMIE 2sLRPid Ak %ﬂﬁﬁaﬂfof RekEER signal.

channel having an interface val ve ‘associated therewith for
cont r ol Theprobe dfiself sshides Feasdctiong eneesstion hbthe Shprdeandrherbter saetion histhe 3

r eagent . a pluralit f s le inlets each i.n fluid .. . '
co mgru ni %1%{? ?ggeg‘\?\ns ?%Oﬁﬁgm%%%%&ﬁfﬁer@?t%%% ﬁ}nﬁf%is {9 tsProbeyadine site arnd
eachs i NareloginhleOemtaryiio 6a¢ athedl Ohelehe séctivg etyprdaByagiched WS FPoResSdye
one of the sanple inlets or reagent inlets is'in tluid communication
wi t h on@ndihepther sagpsiction ymally attachemhie aguenpherdyagEntoletipmthertyo end
respect ] M ' ' tngl u havi.n he
reacti o%e\égéﬁ %aEIEfg‘B #g{%ﬁe%%ﬂw&tc Pn ?ﬁ{eg?]d @Pgs%g% {r}rﬁgh ] %@@%C%?lﬁ% a#l?lgm 4

pl ur al i teponér dmdymeschies doedretio geffibizntiaolbsé poximite tHaaflgorésdenee frémahe

defl ectabl e grrbra e;. havi ng V\SXZ 05/ 121864PCT/ US2005/ 020250 t he
sanpl e TERPRFLINGS PHeqyRIn AeRshaddy the avencher dyambhdtidkapErbe: Mrcoatasta
caml 6 | . . . . o ot
R R S D L e
channel mandomngemnission chdngeh foritbaigand yes haispeissiblei to dndirecén toedi tabihe t
paral l el to.each other .and ch Vi ng,.a containnment, val.ve associ at ed
P her ew DRREE 8t SOMBRBHPT Ao oW A BRI OH SRBS R SIHS v ng
the val ¥&cAB&PRBEES torWixhipld) By PAAGN & a8 NEIURE N B BhoY AlsViBoass aGhat sk
wi th the reagent channel in oper abl e communi cation with each ot her

t hr oughKeanessmiB96.dit Biotashnelogy b 3 03-308iand dlyagh at/aln g 99$Nat ddiotdchnadnt

common 19l %{gﬁnnel | ocated along a |ine about normal to one of
th?yéan%ff{gégﬁé%l et” or the reagent channel. 10 [0088] The m crofluidic

devices_utilized in enbodinents of the present invention na¥ be

f ur t her [90f¢ke g lhe Sgorprndleatertior apithadis despribed foeremmie dyiThebrel et nli2080,

d i j . :
11 e onBRg: eeRospsh, 20y POLs RIS A o R, DUARL s pioRprhEStn
pur pos eSNP Bhalysiaand EREFfappligeiongt Nuéleie A odds Resasrdh c29n20. nSwagion btiirdrs are
el NN S N R T TN TR TN A TTX S
aut@Tat erbys;e L6 1hRLal 4R ShPeoAlPdeaGE dalkbiith SN §!g§ﬁ§t§bog§@r§%§feeﬁfgt

i nvention as described therein. An another prefer

aut onat sduteaps tlewe didferant forgiatiare possihle, dhoistenardord douatiand theaduglex’ format.
I i havi t.en. t.hat t i t ) .

our 1 a6 u e EE ot DYl PraRe it B B, BRP e AERe e Sothigzsin

two or #bfeempRraks (i) FOR bemee VA PCRLsteHped fredert PUR Rhi-adoN@Cofine or

pressure 20 source, and may include mechanical portions for

mani pul BePaslepert (i6h 8 specifiqprobe seavenes; and (ivbs flueresqenee dstegtionsystout

Notyd i m 19, t [ N 0.
et renpdninlat R She ko gk 5, Bk POK ekfEaltbh o $85hBicp
subst r aprémép thegbaidiahi anpliroaroniaintaceidnee tHaotkeonipl@hattaplty theiRobe, which
carrier, has, one.or nore gf t,heg{?%ovw ng features; a well

or
r eser v FENasTed single-sundsa dusng #Hrafifa sege af eachdiah prele| Qe gooling, the
t hr oug t ; ' j : e :

accumi gy S e @ gl PIAREY b A ehcctbloPacPE A BB in hrpscenc
at | easas thequanichemieho targeeth the vivinityi dflihe¢ fiecrophorteThe ROR, stepplet piietiengor t

in fluidca ni cation w th | ast ric. block, wherein the fluid
port i su"éi%@f%%ﬁ? hESE%‘%%%’E‘P@“ﬁ’&%'?fa&mﬁﬁ%ﬂn?éiﬁ ce of vacuum or
pressure, such as the automated system descri bed above, wherein the
aut ormat #8630 uinyedsnassdys ( Teiohifavs dschnodegien, MadisonaWhgreaspbparticuiady for

SNP genotyping and utilize an oligonucleotide, designated the signal probe, that is
complementary to the target nucleic acid (DNA or RNA) or polymorphism site. A second
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15 preferred enbodi ment, thermal contact is inproved by appl ying a
source of vacuumto a one or nore channels formed within

t her mal | YY9éY5131884 portion of the thermal source, V\herBFW?@Smmzso
channel s.are fo t.0o co face of the thermal_ cqnduction
oG <SSR Qetifati e b ihuden kS coniins h sorek S TOBRORE HARence, but
mai nt ai met3h§udfpébwelseqhe%e EMaﬁQ@hﬁﬁEotﬁR‘}%‘Pﬁh&ﬁ@sﬁpm 1Biade? 'é)tlflgg Bnterferes

portion of the carrier. referred enbodi the therna

conduct Wtih thenkindingtof rthnmgm pp'.tblettv the terfget meldancid euchi thatnibe 5| endm'fylsa gighal

cont act t he . f ec I.I.1 er t is.assogj.ated with the
r emai nd%rlp ?0 é%‘p r FE&‘ gle?ﬁ‘z ?Bﬁ”g?q R:OTHP?)@PJSB? FYPR* the

t hergral re@@@ﬂMlb}O@sﬁwﬂm@lsﬁédiﬁ@Hﬁdoﬂﬁd@%t ¢a0iad e tRevARk @ﬁiﬁﬁ@ rdleatds®ck
only and | eavin gap surroundi ng the edges of the thernal

C?Pducw lggies the |ﬂs’1mf thanusteobides: | Bie relsased dlrpdipderwidh a third preberbgaring
s pect SELIAHE bedE £Rk:Shole gRIOL AR HRRELELERY e ool BEne.

el asto rfE]ilB tintd the IClenuscehsmeeagecdflvervphanyway fiohea naoher and produces a
m'crofl idic devg]yﬁs in the art not described herein, for ex

devi ces ‘ﬂﬁrﬁiﬁﬁ%ﬂ c FonSNP peneiypisenthp signg! nsgbewill hedesisserio b:fbrsim‘alth

d ar I

UoA T, Gl IRl Ronl B4 fnch ek BEvalline S dligk, bt oR b o
Quake, hnneatngphﬁca:tmmf simahwrth abiagiptificatiom ofebomeddie atiduFdither3tails

devi ces can b sub ut ed. faor the el asta | ock

pr esentsq Wgﬂtttf’(ﬁ'}l de Bﬂﬁk’é ﬂb?arfW&PF‘?]‘@ le’éb g"eé\feé‘ng P., et

| pr oV esTe N danSesGn Nuskésd A@ia RAPrSeRNDBysid FEECT 1791 BRHOGH gta!nﬁ U.Sep s No.
transfer to other regions of the fluidic device, which are described -

above i®70Hé7Lbont ext of using an el astomeric bl ock. WO
2005/ 121864PCT/ U52005/ 020250 [0091] Utilizing systens and net hods

pronsi defdoasic ondvarty 6f lﬁﬁb@m Ificafior HBtdMsRBAMe ukEVBNonfidction with the
t hroughput 1 ncreases_ are ovi ded over 384 well systens. As an

exanpl ePresent BIYSRER Wém sevsral gifferentdarseis can be detected gimanltanequsly by

A b S R T e R i

Mbr eov epartthﬂatstygee n%maeﬂ dadhq:trdyhnimmfdlﬁ‘efbmwmmmdmg té bachpmesentbe detected

2" e B R o8R0 By b e ST RhtRas b BB R Bes,
pr Ny d%ﬁl)ts% @Anwco%da&éd ﬁ%ﬁwﬁ%@&%em aeelgafééxeué@&tcgm%&c@ed dhe 96

assays are conponents of a TaqMa ease Assay
Fur t herdiberent wabdengtenins sifigle hmcpoms&fm eign \Fémresynnqmr@mtﬂescnpﬁ (Resck et al.,

T eact | oo iiReb BBk N R AB7H; ulieit Ay B EGon ety & Brpeicel

utili zeglpproBcts MI&CQTMEHWYOH@@13702Bdﬂﬁ”ﬂ%ndlﬂfo&@if%udr@s%@n&e%ecﬁa
nanollters are utilized. Merely by way of exanple, in an enbodi nent,

the nettfotromatis Molsewes 2o edh écp@@ye Rress,d\}@m EY ool (é?’él)uﬁnffﬁthadiqlﬁmrrand

re r I i 250
25| LR g A S B SR O o P il it
15embodidk MepganicdERxcss) Dx¥srdy R 30 indHagkald, Hahdbook di@hﬂﬂrbic%ﬁt&%roﬂ& and
nanoliters, 20 nanoliters, 30 nanoliters, 40 nanoliters, 50

nanol i t%‘i”@aﬂ’]?i@"r‘?ﬁh%ﬂl%t[\é?1§°uléﬁﬂﬁf°§@ﬁﬁ)5ﬁ&?i@|@9%7r)s are utilized. [ 0093]
Dependi ng on the geonmetry of the particular microfluidic device and

t he si Zj@063] t Manyidiseasdstiniied tadganione mcvdiﬁttdmens;reuthag@?thﬂhosﬂorgahﬁsxﬂ onofd -

comruni cat at hs and processing site, enmbhodi ne resent
Covont 1BEFCliP BT aam P He Mia RSOt o SL S 18 P GRS oF O,
chaygber fre RS tdveBring 8 cBARIFR if ARA BRI idL. hﬁdﬁ%rggg@'ﬁu&%uﬁ%ﬁ L80T8 o

the present inhvention are utilized wth chanber nsities randing
f r om atbreterreddo as kinglsacleptide polgmorphismarar simpiyl SNRsp anhtoetsie st which ¢SNP

occurs is typically referred to as a polymorphic site. The devices described herein can be

utilized to determine the identify of a nucleotide present at such polymorphic sites. As an
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10 anplification reaction and then thernocycling the conponents to
formanpl.ified 1E‘roduct As nore fully described bel ow, an

0
i magi ng s% W2k H&bted to characterize reactions occurr?ﬁﬁ“ﬁﬁ“ﬂé@i“?é‘? n
m crof | UI di ¢ d ces i.s i ded accaqrdi 0 enbodi nent he
present SRR TGRS © @%gdﬁmca%?@%wqgﬁémwwmaﬂa F~°c enotyping
| magi NgingYREEHR défe%ﬁdl%n of %Eﬂﬁ'ef‘ﬂ dipoid @8Bndst §EDAH EEREsH %ﬁth%}ﬁ copies

pr esent invention include fluorescence i magl ng syst ens COUp ed
t her mal ofceank gone) sontaing $wo Sapies ofs rafensnes dleéﬂj(ap"eﬁcbnccrtml Hoamtzygme)a one

| < equerorbisait S e Felihet b d s Nt HERE LTS raﬁ%goaggie@n?r AR i popies of

utilsg zethmvaﬁa{tlauelel(pe devikas typd Hbrddkysot$ WaRs thihchh %a cfr%plﬁgaﬂal%ﬁs
reaction chanbers, and ot her geonetries. In a particular e di nent

96 sanplheshndsod ﬂzfanw%ra@@ma@ g uéliged 1o lg@aogﬁeasmglﬁwam sitee Hpwaves as
with a t..1

of ski l(?&%f:ﬁb&%ﬁfgﬁﬁ%fﬁ n‘fﬁﬁ’}g S anlglﬁh{}%imﬁ ﬂ)‘pl)gr%%/tlhg aéigsgﬁj usgdf
enbodi nsérming thelpengtyps efidn indirédial ﬁﬂnﬁﬁﬁﬂif&r{fm DONA dddi, it en mersiu@e Fene,
multip n(:fﬁf%ppllcatlons [0Q97] Figure Ais a si rrplified schematic

di agra ¥%§8?‘§§Pﬁﬁ°‘§h‘“6‘b?‘iséaﬁe? gi ng system according to an

enbodi nent of the present invention. As illustrated in figure 1A an
optliGcal [0RB6)s omeu:'e:esztm)ei wilimd;\ﬁbrct@ddmtmgrgcthmgpm aﬁaﬂiymiiameddmgrmﬂ ¢ hilize

pr esent vention .be, descri re.f in so

B od rERRIOTGTIeS AEaihr bials S LSO AgHA: St NP Rt fapY OF Segh of
i's utilngedo TaHelhi‘ft'H%qu{;lbi&%:%fe%?ﬁ%%rés@nﬁnﬁﬁé%@uon‘ stilte% Q%@MW nts,
chem | um nescence is utilized as a indicator. Dependi ng on

enbodi n@mpent@y@n@ nPhsmpisneant analpisisicoplsl weldaasults evaareting that fub@@rozwte isa

Wil | vi dent t e of ski R the ar l.n.30 Vv vari

erbodi HTHe el Wetioe dEob of fisdtor apete SnpheiRgt & tBrmsectonciltey

| asiesr s, Tabl€ 1 Ibalmsnslndica&aﬂﬁemﬁﬂfﬁr olf aspiss ofhd giktng Ibrlé&nﬁ{rﬁa Uhi tca&@sh volume
These sources may be %}N chromatic or nonochromatic. In a particular

embodi i YRrousRXeBIaTY Sapecatptorsthatpen deuiliadyyih the deyxces desctibed
2005/ 1]364PCTTUS2005/ 020250 spectral bandwi dth. In a specific
enbodi ment, the optical source is a white Ilght source pr oduci ng

opti cal over spectral range fro t 400 ryn_to

700 mu. TZN?Z? L%“TB ervﬁﬁee?msfam Brosepiy 'g §er3 L ER HKPEat?‘ﬁﬁB‘A
avai | abfBEHBEOBut ter | nstrunents of Novat o, CAis utilized as an
optdlcal source is sone embodinents of the Spresent invention. As will
be evi dent |t Vdnmedharmplitdr) iin t he[BNA] (pg/d) optifal soulNces
characterized by |larger or smaller speggral bandw dt hs gpe capabl e of
being utilized Tn a ternafiye enmbodi mgApsS. [U0IB][ EXCitagjon TiTfer

wheel 244 st | ustyat ed—Tfi gureT/-\O_Bn SOTTE en odi TETH S, for
exa_rrpl e, tllu_ac w1 ch—the opt cat biblbc —s—potychrora €5 t-he
excitation eet—244-+-s—310ut-H-tz2edte—spestrat-y—H-lter—the
|ight emtt i | _source. 4(')‘ nmlrc — mul LilnIJa filters
coul d al so_be used exa n.an enbodj nent, the ex0|tat|on

filter WRACHE ﬁﬁé\ﬂea%fél @aﬁ%rnﬁ nPOo‘%“’%%‘&I?"SP“ﬁPW&Pﬁ thesampled Histcomy mgraber
Cpeoi £ 1o bECIE BRIk R RellibP A opRa PR ABT AL . R Pl e |

exci t atmeasufanenér Gatagping 4dalysesasing cedamcﬂe&mmmeeypﬁﬂ@ copdontedivity f or
conput er c?ntrol of _15 the filters. In a particul ar_enbodi nent, the

eXC| t at 2BWIgsihaving 3PS copcentratios of anpronEnately Oslies/ by althopgls the-cugrent
P R0l ket T eh b SR NS AR 165D

vvavel enggnhmefpeb®@ction gited a spectral bandwi dth of 20 Filter 3: A
filter wth a center wavel ength of 580 urn and a spectral bandw dth

of 20 [0068] Genotyping analyses can be conducted using a variety of different approaches. In
these methods, it is generally sufficient to obtain a “yes” or “no” result, i.e., detection need

only be able to answer the question whether a given allele is present. Thus, analyses can be
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[0099] As will be evident to one of skill in the art, enbodi nents of

the present invention are not limted to these particular sgectral_
filters, YOORUH P4t | ze spectral filters adapted for BGI/US2005/020250

fluorescence prqcesses far particul ar sanpl es. Noreover, although the
previ o&gn@f %‘ﬁ%@?&ﬂﬁ%@? Ry ¢ nusisotides necessany; tp defecthe presenasiod opg aligle
requi r eghidYiafiher PHASEBEpH VRN H Bk i;ﬁﬁgﬁ

spect rga fil tgr sd)%r Zﬁplrrpgi\l/(ig%igé; Ijiiﬂg%gvgg’%?ﬂf ﬁ??e%?ﬁéﬁn%%% a gg?és t&g?ted
exanpl ghe pysewice af eddb alletegpdttmiallstmbiheipotyonaphiclsite arehintldéed.

el ectro-optic filters, filters placed into the optical path by

act uat qog69) ansingleBdst Pair Fxfensidal (_BB@E? PSaeRbEh 28 chOtcBIPQSH FREERaIRf t he
present 30 invention. Mreover, in other enbodinents, the optical

souf ce deelgped feaberducting genmdwpng analyseanidithpagh animberat SEBERssayshianed

wavel e i t.able f ' Lon .of -flLuor. ence. One of .ordi nary
ki 11 e el M8 ol bAd B SO e G e Reslb il o
al t er nalybréising MRiROXDALR t86A RGNS 005 (029 206l elcQE RSk tHelss bAdbEfe
in figure 1A . excitation shutter 246 issmgrovi ded according to

enbodi PER ipimmediatelyed of the vapiant sitsor isrardacentiberstq. opxtspmien isconducted in
oper at _ i i

b1 ock! paek e EEPAE & mEtc IR et Mo e ROATS RGN Eifdmeifly 1o
spé@t r abblpofidd(s)dhacbcbypit the vaxanttsite hod a polyreraseh hk ndd4xtedptndichgtide is
the 5 appljcation, the excitafion source js _blocked while sanples are
i nsert édpuﬁl?agé%%ﬂ?%&ﬁ %_V?%I‘%@gf EHPREORRY ﬂ{eggfwa%?mc_sfn&pmﬁated mto
oper at i Srimbi) ﬁgiéeadge@ﬁgﬁ-@%h%lbletﬁh%1e%ﬁe¢qs%(a% cHlt dofdntdr§ 18 e nucleotide

utilized,” for exanpl i 1 zI'ng er sources,

i : , I n enbodi ments utli
provi det Bletveripeitsite cthem a fabeled nontdxpenditdénudieotiiotis Tmbrpomtedento fig1 P thd of

When the excitation shutier. is operated in,an open si.tion, t.he

opt i calr%heegﬁl?jl?ratf’i%ﬂerf asaéﬁgﬁl E’éﬁ‘é@%‘épﬁoﬁ}“&h nﬁe’faggegfig‘ﬁef:‘%lf*ré Pgﬁ‘gggﬂa i's
di 1ect esisRioaofthicHidaridens prefin bt vhim sHe ¥ § targd huBbleR\HcRE Bdch
chip carrier to a seven. O her_ enbodi nents of the present invention
uti | i z&nsgeedstand related mathefisare disepssel, forgirampls, ieY.S. Bateat Neg 056,118y
syst eng, t [ § M. it kg Bl Dat:i eity. As

it usﬁﬁ@%ﬁh%?%’ﬁ@ Stlgs,é’%g%;%jtlg’to?g]hﬁ%ﬁ %9@%& 2 directed,
conbi At hs GFROPEURE SHASES Cmn BE SR uAled G FAGaH R TR ok chedhadss dn i
devi ce s . . . . . _

T or of o ey WHeRdHobS colontby o St DR Rfe ot mcluded as
endodi meagests] toethemwith primessy becleatides end polyhiveasmi Eliowfelern, thactiatewian de
obl i quel y.framone or nore sides,of ice, via a,ri lighi,,or. via
2 port Eost T B n: ek Pt ) erfu® ofpiaedy s Whethladh
the m gionkl ividde fo SRR fRAIYhr dRardEeRUr fmpl lta-faﬁéa 184l rop _ﬂﬁﬁ?ﬁcai

enbodi ments, the illumnation of the m cro? uidic device with'1ight
pr oduc &tpllslic tase e wdiabdmioolelas grepossiblpfos aipgbunapbic siie,ttweo-dififerentélinal

area o l e .| se _enhodi.nents, a.l.ar field Vi i S
provi dfé%feﬁ\?\ﬁ?c é%gg ngrsf‘é%l egof)neélg O %Wgtg f 0# h?oa?l%]seé gﬁec%gug%’bﬁcﬁugfﬁ thle
th2s | mesgbienixig] togetbér Withempisedtivacrihesimeleofd@eR8 poB/mAdtske. Sample
reactions. As an exa%&,if;fl uorescent imaging of protein calorinetry

and nuEpPEpmingthy tayget intEpduesd igkibe sepstion pige. t i the allsledoweiich a probe

proces ' ' : | | h&i

e off SRgheRERS: ples AT WETARKL DR Indl ad M RHER Bk, MO Bnihlin
sanpl es dpteotabltesiigriah asdesaribet indhe detactidnooetiaBhsed sipan dhichnof thadigfeustial

coIIectjonll.of the flu d by the reactions

orescent signal s, produc ti .
occur r %82} s optmedy th ddengify ?@EP&@HOM%@W&O@@& s?”&t?@é%e dptegpined. If
Pr 9¢ €S 68 si droabRpes, théd ¥ ' L ' 133G | ion i
excitati onSI%%!SpJI se is f ollli o%?ﬁggggietﬂéggte?%nf%gﬁg@%%ﬁaa ;tlhslﬁrsl?mc?que Etl(ﬁlém '8
f | uor epedormegli agrdgscribed in thpdemperafume tontel Seadionanpiani ti al | evel . One of
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25seconds, 5 seconds, 10 seconds, 15 seconds, 20 seconds, 30 seconds,

40 seconds, 50 seconds, or 1 minute. & course, the tine frame wll
depend onVPRASHISE cul ar appl i cations. (0106] In some eREGUSHIHY250

the i ma pture process i erfarmed in .a sypchronous  manner,
capt ur | B7AR" IR S PRSIy el A B e ter & Wichane s senre gnes
As an exasxptedsed il aPArFNEFRERN Th&’@aeﬂﬁﬁ‘ﬁﬁ@&ca&ﬁkeqmi%%)uﬂtgb 5@@{%06

is maintained at_a 30 tenperature of 92 C for a tine peri
secondsquatitaivgu &nt differetial generexpraspigh enalysis,dbe levelsaif fteagene@) mtore cell

tenperatjure of. 6 for 60 nds. The ;heat i and cooli.n cle.is
r epeat etf'%it 2 %Stocr? gb %enct?flg) ajéeﬁtﬁ éﬁep%%ﬂf%sal"fl&?’eis ?\ﬂ%ﬁ SR ENRE O %?%Yer cell

Uti 15 zi gneobet).Bnide 9hristhef s\Wh Rtk sd:8aARE Thdde2 GRahBRA2RJud, BeeRt
i nvention, imges of a determ ned nunber of chanbers present in'the

mi cr of | Bftdireitestip; @ eoapaisqe haivresn hegitistansrbenspes collii hebwedneccln ntreans
are Ml HaRlifes ulhicl v drididile hETPS Hot Bofte: MG T filiaRA el 00 ceR!
exanpl e, a two-di nensi onal |%age or an eﬁ%|re ﬁlCFOPfUI I'C” devi ce Yy
be acquéxpededitoid parfingaraoBidastendrdlexpezpordydtid © dih&Gehes Whbtdkxdrasion

devi ce js nmaintained tﬁt th?e%#er;]g_e ature of 60 C. One of skill in_the
art wi | levelsgradicshyeen the teskand ¢ OLP‘% g8 denyy a8 el tasgois fey Harapy.
ovefg I a . ) . L0 whi . ;

chorper ) Gra RO il b FLEGRs SYRMETE, bl it bited SRS R cllp rthr
m cr of | thiad healthondells; sacle garrey vin sxtvpes werkies ofithe disemt anth aabpotantiatlyde
second Lti.on . Q. . 8, ower. righ uadr ant f.the mcrofluidic
dovi ce. Bl ghebedly o sadoRls bR B el alsp b guecty & iy e
of the geitRbThd@deRd gkt iRl e ehi 38018t d FBudRAIDE eRfrebgSiSot fiaN
one mnute. As an exanple of these enbodinents, nultiple ihages
associ ateteemated games.i pl e f1 uorophores are acquired in a particul ar

enbodi nent. During the 60 second tine period during which the

m crsof | [0i0U2)c Qv idesien of i inftitneic dévitdaitlosP el @hbidmelts 60tHe préehee
consecutive, i rrages utilizing exposures of 20 15 seconds may be )
acqui r e@veionip helpfiin fasildaing 2 vastbppbees exprsssian apglyses. Resapss the devices

Vic(r), ccﬁi@eﬁln Egﬁ%%m%e . OE&%Oﬂ@ﬁgse Qcﬂrgg g%glrb%ptgf Sg%ggg én%%rigglglple% 'é‘.g% l-)e tested

exposure trne rter, evén a secon
Uti | i ziatghe seesetimel Uisiplgdhé biigbRow dhirrel detical flinaresthe eepresidndsvelast

be cal cul ated and an ed. O course, . depending on the strength of
Che 11 GBPRLEE A tiaraes bh gcnosian B JoSat A SFOF Tiie Wi deuioes aco
f1 @y opfagii®se Hﬁ%r@ﬁiaﬂ@&ie@x@f@sﬁ%m @Hzﬁ?&@f e e Undehe d@ﬁéﬁ,'fﬁf’%ﬁﬁﬂ)le, a

application. In this way, enbodinents of the present Trniventio
provi desampie phigigied foof a healthy coll can bi¢ tesgdvn ore flowrphharish| veitlspemtplalfrom a

bands i m cr of L ui di,.c, devi.ce i mai i.ned a cqnsta

t enper ;ﬁ}%%ag(?& %em&%?? Cilllae Wg’é?‘ﬁ?ffﬂt?h%eﬁﬁ%fe?%%ﬁaﬁﬁsﬂée &9t ous
exanpl edetédiyna8d thelRtiia0y oDihe defllR HICARE e IWEdanH1 64016 Vil ¢k same device
tenperature processes. [0108] Enbodi nents of the present invention

provi deatiks sensctirae and yades the same wgpdisiops, adapted to perform and
anal yze chem | um nescence processes. In sonme of these processes,

reagti ceur .on first time scal.e .and an i e pf t .
cham | TR dhedD o ek br b EueR aiviah u? Bo SRS rebdibig o erpbodipments
parti cudfahe preeif SfuentiBie CEEAN IS P dSEMsEndlidd: 6§ HRAPIENRY bT IS ti e
scal e. Thus, enbodinents of the present invention are adapted to

capt ur echsppRInfosmet én amelgaemeric selsitrteu (i) resseenttrlumline offies chinoalstibaned

sanpl es_i ' I n t ve.heen reactin
For an 1B SebERE e A INEREL IO b BHENED o7 B RRAER: BT R ey
cont r ol of reantion diterg (iiip aphirality o€ 10Ytionnglvel dishescdamtin thd HrsPindwetad,
whereas .in_oth enbodi rents, the reaction chanbers are maintai ned_ at

a cOnstRIRRLBesi ehanacls thebcon bs pgvated ipsrlalsspiismpoitis saghoxidbs reagtion
T ust rgfe fotd ol oftfer rAcHRCGIR! arfd Qi) aPrhflity ¢ gifdrd SHaBh&S Bvdiflyf 2

one or more of the flow channels and/or one or more of the reaction sites to prevent
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provi ded according to enbodi nents of the present invention. As an

exampl e, .in_some mcrofluidic devices utilized in enbodi nents of the
present i"hOMPIGW% an array of reaction 15 chanbers andP§Fis305/020250

communi cation channels extend ifto. the. pl ane of the figyre. The

o1 eront & 2o aBnE OFRARIh GReRBy Dieoreedins fifons b vl S oSt e s
are chanigliep of aBtbr&it tyhed OPkdhclithsRidchidih BboPRsoRThe t&MPerFhit AigutbidhGe o,
device 205 is supported by carrier 207, which, in turn, is supported
by car rthermogypling elnuptac adfdenatyseshf | ui di ¢ devi ce or chip bottom | ayer

209, which in sone enbodinments is conpliant, is coupled to the
carri er[09T4] aSomelof thegnichfliddic dnvieen utilize atdesign Symiedyoeftads) hewin as

Ther.mal . .pl aten 243 (s, Ll.ustrated.in fiqure 1C a descrjb e
fur Py B Con Bihe 617 sbf b enafiels ] Bt B Bt &l SFbiing
M cr of | dhiafthels, HERMEIE ety EXNRNEIEIRAPHALRIRad Snd610¥bIHRE end/BE @OMEY sohARn can
described in nore detail below, vacuumtechniques are utilized in

sone erfsddrntenangd exit the blind ehanaplpt woe and Ge..there &f najiadepardignieband quilet for

2t hor riap Bubd B Eh; TheseidBufthd auirE BEHA Stle Vi BEERBURY P35 Sl
such plaegibnaifehe Bladi dhinfslad Farhl & kolaredcoqoien cital Dafibg agsufaced olthizg

for _exanpl e the ThernoHybaid Px2 (Franklin, M), M Research PTC- 200
( Sd0t h tER%oTgeYiRG Q0T e reagsais R pendpglingararysis ang deprsityd 2Ny reaction

Techne t (PEd %[.‘ﬁﬂ: 30 - ﬁg‘ pents,
the m c@%%’ltﬁelrgl?ygl% e\t/1 ?‘gé\ﬂ ?gl conta %Qlt%%cn\%gtlﬁ a't e%e?rgfﬂ@g%f%% evi ce
such t hadditimllyhéeribdind cbatnetd are esnnzetetl $o hmhﬁﬁeommbtedmtnmﬂc@ﬁbhmew shbh
;,[] e| tege g‘.a&\lllletgg?éa%ﬁclén ?1%[9%?8% %@%g%}%‘? a ;igg e‘e,é;algnlixrteed I?limtt)er},eot[ 3%16111(1:) é i%}r:]vutls.n
2005/ 1@&@6&%@?&&5&@9&4&2&%@%@@@@ BfhufSard duBsitd sndthe AsEHLRHIG alshhole

temperature of the thermal control source. In different enbodi nents,
t hd 5t hetatie totigadate £agh ndasticpesitanihe spavpraivaitable o ndactiond sitdsds jncsaastd. dEhus,

il ' . refl i i al d/ ‘
R T R R
force tstes (¥.l lyefo®hs 6 tBOSRAIs) and eXi Shidve HigloRabith dikaleiitied (el SIVRF

device towards the thermal control source. The force may conprise a
mechani @0 o @%ispetionssitepigrek i Tadivisually anth cellestivelysthatd featims o directdy
vacuum : £ £ : e .

embodh rEne i i b e ROR R oF Mos? HAME S Sopldir 218 troditiopl,

t h@bmalmicrefhsdiedediesd. ce t hr ough channels formed in a surface of the
thermal control device or the thernal transfer device. A level of
vacuum gy evethepaliveatidilddvigs %Mt%?&cﬁs%seh?ﬁre%ﬁﬁﬁﬁ?é a F@RE &ésigl?‘ﬁ& ce
and a surface (or a portion of a surface) of the thermal transter

devi ce geagrabamideflaitie devisisalf thie typehitibize agjurbléty pd ifterseetthghiorizoataladuum

| evel detectgr |ocated af .a positiop along.the channel ar channel

di st al EGR Jov Bapnodtere B i ShreRuiithiler e RorReo VRistt R dbeLims
not  exGreitefoNtheSkkighVR hava n ahr8y br AR R B HIRIYEL P i larper number
real i gnnent protocol may be engaged. 15 [0114] The array device nay

be 28 onted stwplevinps erbearipsperding owiprisito aespinreodsie thapiragmmmabes pf saveplos

nor e Hantical . or C i 0si t.l oning, devi ces...Carryin

out o hoCkERi YRR SR EPrEDl I PP A S e

exanpl eohsion be fotnadaticcti ey throhghainst thohbhantd @r By danias, tismidwind for
an automatjc _control ﬂgyst_em i n operabl e communication with a robotic

cont r olSWatghttdedsplition of verdensifyv ehanels ip thedpateine Heppayvhesess de Wonds r om

the th Lca. t ] . | b
roni ¢ or S ke HEUERRo SN £ 8B uitber FendicOSH BB B S0 D
cof0r olcodéitibnewith adinsiteshnunmyer b€ spnples, dedmeiixpdevives gretdoastaudtaltodeslygea

and the thermal control devicg..To ensure. the accugacy of thermal
Cycl i ndatsr SpEber of Pl oA ibised FimPE Qfcendiions THLBIHSEIeAES dEnsor s
hybrids of these two general design types.
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5 be precisely controlled by the identity and anount of dopant,
t her eby ﬁgti m zi ng performance of the sensor for a given aBEI i cation.
[0117] THEPRRSERIBAati c nmaterials are another type of sPEEHAIS08/020250

ilab t.t t [ f. lificati
ovi co. I875F; ERbHistRF? SerormaE e g paiors doyicsh O RO omAL | bl y
change g&kAbedi F(‘J‘ngélﬂﬁ:iﬁoﬁ wouebs/dddier ery. p%&ﬁpgsgfggﬁ&&uné%r%& Hop

material could be added to the solution as they throu
di f f er eB19088mpblished e $1S ANSPHTORr empending wamerdody ssstgned datest pptinaibndio.

t he underlying tyate or i ncor ated wi.thin the g ner

mat er | a+.——ﬁd—t—e?1?1ta e|%[v ;?,ﬁ'sisﬂléfnrgo@é"gﬁuﬁéto ,pgwﬂlgpg}g éﬁv’sceﬁoﬁllsea(}%e 24988 o

t he Banpitien®yldetke uidbet OF17a+0M000)Pedchiof v ich 1s@dcbBporaiea b esferRRE RAEN

to detecting tﬁ@ﬂferature is through the use of an infrared canera. 15
&

An i nf r ertEetydanal aurppses o Nsinecnassively pastidoning dedesspe saraple ¢ambe paritipaesy
to deteym 3 : ' f ' . L £l ion. -
st ot uriD 2 it R SRELRUREA Shest o dEacHObd (B Bl Bl n
appr opr emhehmabvel engths (e.g. thermal, infrared, and the |ike) would
facilitate this analysis. [0119] Yet another approach to tenperature
det ect i pd775 triRE AHeR ALREC Héﬂcé%ﬁh&ﬂf@és@ﬁﬁéd el SRR hS: ¢ ff%@élize&ﬂ{ﬁaft
sone crystalline materials, particularly those materi aﬁs al so

exhithi t byutildieg seiestcompobeatiasichras flewhihantels, veniryl deheds, rvialves hfid/ot .
This effect Scr.i §henomna whi ch, t he gol ari zation of the

th
mt or | AP pEEad i PP RERES, Thebrin iRt roub e eftire device
mat er i ajs,mdd IficHidloncHRRENESAS. CBMRGh&NRCSRh Weliceslithtr SRhf dadtl PirCBtth nd

be incorporated onto the substrate or éfastoner and utilized to

det ect fusgiten Gemrthe maidriy of perventienal mitrefluidimdevies shat reaforiped foint plasties
d i nduct . i d t .t t i n.
e 0 G BB AL TR U ST

t het sar t epabodighenite @O gl presefBity-eMmivn, at i ons, nodi fications, and
alternatives. [0120] Inmagi ng system 200 operates, in one enbodi nent,

“h the . o . P o .
e AL ESGS e s of 4 A 54 Ao b
m cr of | eff differedieheatieg 29Bems. oThuesy thepleeicenmreadefa]l of conflecthaskvashpnatiseofhat
m croiluidic device, conmputer. 270 then causes .and, x,y drive (not
shown) TG HIFERS T sPRRe) ARgHiongl f?laﬁf ?P%Oﬁi?lgﬁcd"]ﬁl"ﬁ%l?‘iﬁpé%\é’%’ésq i a
first RE S Sahodi ) e £ ducial
o0s 15 e Epiiicaliond I ARG TRE dbeighlTeatfitc 18 155'?‘?%? platiodf

al iZnnesempdafromabe rdaohomsjtesr Beaipss of thistyppircdiern] archoktiamember af gead

f th t i.st t i se. di nat f .
{1 duct SR RE PSR ey S iR JbnehThRstnsRany Brof gich
pr ocesswhigr @i YeofldvRsl toUhaeReithévhiér R8pdr PLesti@B twitisl theflastdiBerfd AneHial ffom
can be cal cul at ed preci se%ﬁ% locating a 5 symetric XY fiduci al

obj ect Whighthsdgyigeds frped pieducing evapgsatieeBsample geiesial from the
enbodi rrxxég‘gﬁmsﬁtg@tures of the fiducials, such as edges and corners are
utilize uring alignnment processes. One of ordinary skill in the

art. wou ecogni ze many variations, nodifjcations, and alternatives.
[0221] ot fm@omfmdwm@psmweyclggt%weaaﬁy@wﬁwwoéﬂ@
carri ere20dhite BPRelhiRfb il tetifed MEelff®d, ti ARSo VGG b

el enent s %10 and 212 or adjustments o‘ie t@é opt i ca@lce1 enent's %nd
212 t o gepietlitomakd thefmeladoncawithdlie tiveoipitiicoteivicel vt theahkrafhddi2 Havice

to the carrier 207 erfornmed. .In preferred odiments, the_ fiel
of Vi ovl SUTPORH P e BR R Sistfh LA UG oF B DOLHAR Glch g griate, sué
nunber gfa A;\ﬂ@@i@o‘a&lbrﬁi‘@[ﬂ?l%ﬁﬁn_ B8 &ithnc@in h R&ridH 6f @BE obtiridl 6r ARIIEE that the
15[ 0122] A fluorescent, chemlum nescent, or optical signal emtted

by 30he witeofiwidic dgvise.qusiemblee devicmbaving ahdastemetic blockmapdirectlyfcontaet the
m cr of 'h‘é‘aﬁh&/ cgoq%/ﬂg%?oclksoﬁﬁé Jce(xaﬁ:ﬁe?a r%%y"calh{é ée%ricel. N3 psrgt%%rggn el%%gdimlegt, We'T

heating/cooling block has grooves therein in communication with a vacuum source for

22



length, fifi, and the |ike are selected to provide desired optical
performance One of ordinary skill in the art would recognl ze many

vari ati orf¥0 z?fﬁﬂﬁsﬁ:atl ons, and alternatives. An emnissiof E’Hﬁ%@@PZOZiCS
is illust atedl ur A to Q for blocking of light ray

pr opagadP H%F‘éc 1'03 éCPdﬂ ‘Xfégeﬂic%ﬂ%ﬁl@@%rﬁ %Igﬁ’fflﬁé a@hgﬁ‘?‘?l\ié? Wiﬂesthe
al t hougRadtiing ateStabiak p?a':éer %gtéiﬂaﬁ%@}’a bR tHEﬁ?a?lE}%oh&ch@i% g%g%]onded to

Referring once again'to figure 1A’ an opti cal lter d Vi ce

provi deie ascqﬁﬂmdl@ﬁe\tlmhabhmmatea%&ﬂbb peating @drceoblrg)bidnkrﬁnnefﬁmeﬁte
optlcal filter ‘gc ce | 1a filter wheel 213 conprising a nunber of
opti cal S%arlrﬁﬁ? 8’&5?5 “Eor passing and optically processing
fluorescent or chem | um nescent em ssions produced by fluorescently

or Shenl008% ndbe élfm fprvet eLasspipoftbaderiess mcms the c@mc@ achigvgmigh

enbodi r‘iﬁP:[w: ff | |
to pass scg“re s’stfi? %%%Lpr og%lﬁméﬁjgd féh farlt'gsrt% Y uor &8 %bélrllﬁgsgggl% the
for ex aiavices u@ﬂ'ﬂ\ﬁr Ebrm{mn@kﬁtgé akhleers beﬁliloME agtampBiiestirene.es po}@a@{drase

of GE al t hcar e (g 2005/ 121864PCT/ US2005/ 020250 Pj scat awa NJ.
A secorftraEEERIAR ?Rt)hes i18a5tigRs Pill befisgirsed at.len%hﬁrp@owaume of the

f1 uor esgaRl oFicIRVRBS o

exanpl e, %f/s Fl uor a?‘go aval I a ﬁgse? rﬁ%ﬁéﬁ%ﬁ?@%&%@%ﬁ%@g&&u ol.
coulse Ho‘he/a‘use stofuld besmicistoat thetthntledipesart sotlahitediputhesepattjculdre
present inventio ,n.alternati nbodi ment.s, a Fl uor val | abl e
From | FPPLFOUES ShefPYiGreERon eI Kiss vaesly ohPiicn fypes 9Etnalyses ah
exanpl geadtidngd nﬂkﬁgﬁleﬁ iﬂ%ﬁﬂl’erﬁﬁﬂl@ses%ffph'étﬁﬁl-lfﬁaﬁa hBrabfiordshad %ﬁ%ﬁ@ﬂ‘s between
filter wheel is adapted to pasSs fl uorescent em ssions produced by a
third fqe%m@@emusw@pomﬂs é&uaﬂrpn@:amqql@me Poyisted mOnglord tieghbsent r om
Invitrao Qr por ation. A second section of the em ssion filter wheel
i s adap e B pass fl uorescent em ssions produced by a fourth

fl uorescent dye exanpl e, Al exa Fluor 488, also available from 10

| nPt r J§8HL mfb%m&qrpﬂwdw iges disloserbharpingre pipally constaukied akdesstiip part

1;|p!“t§;| Iter ﬁ&%@%&;ﬁghang}x{gﬁg&\éﬁbé g a&ﬁﬁ?‘? f@are@é@@ggﬁ)

bet wee rted:Hmmqlfes nsd/ot excsfisinbiayer amdpsdilmcelemethddd (eexs ey, ﬂ@e‘r et 4. @008} of

t hese epbodi | iLght, r assin h_the optjc filter

devi ce ﬁ 35%‘@?%\111@% @EP@ ageR %Yﬁ%#&slﬁéétb%offw% Eaﬁ igcorpprateddy
Wil bgefyime ﬂlEre'ierQH&r Qlfitn*%{él fob afl BuloSes§tr Uuhéfﬁg %ﬁ&%eﬁlbhé Shigrdffidc

interference filters) placed Iin regions " wt incidént ray angle
ar @0si rgsivises can bke@sgmeé rrowbich Sphttlentﬂow ‘dhyoqaﬂldlmddlanaels ofithe dewtcalis
spectr al

dwidith,.th ! h tral
char acreprat aCl  paf i SRS GaPiesRiee Spbt B sl P iyate Sop e
i nvent i dhanneddy iah leliStoh@iiRAnémblazhbF &phfdnt. DPRID nich®raRldr&8tmétichE be
device and the em ssion shutter are coupled to 20 conputer 270,
pE@hﬂ@n

provi didedfestsd inte aptetiasted diom Bie fhow ehpagel \éxﬂewbwﬂ@ comty elds asgoriatede
dent, |y mul.tigl

e et i B o, RO Ao Ul ooy - BEE R ke

t hasbl ah&agmbodnedx deﬂaledqmd/meﬂrm@i H. frdnmt}ﬁﬁlmv emaau §al0tien f1beSAn be

filters_ are, angl spect_tqQ the optic axis so t hat | i ght_ rays
r ef | ectSiQPesker e&?qunﬁg%pw{ Frdoahehe lowchatad. hEsisgcrmhinaigssot cogfrgh my
In oth RipdLi r p?%ﬁf

fl uor egfgogﬁt enhgﬁgélﬁr%t gu%%ln&g ndi necg%/%{é%g{)@‘ﬁﬁﬁgﬁéem% agﬁ#gfps
show s tfpomgulahagmiahoraﬂbwms dgsdribed doetibresivet detaibiadJiddAet af200@) Sdeattet 0

et uad s IBeREREf eiPReato ?o%ﬁéﬁ”ﬁkﬁpﬁl@ﬁ S (From

Mol ecul ar Probes, Inc. of Eugene, et hi di um brom de, propidium
i odPde IOWJonﬂmq/@ﬁvmes aurvidadkergo moamgete sudepthsps BEAGalvEs twisolate

Yoyo- 1 sef%n{i ve%’?‘ Ereag:tdion 361tedz'1t%v 1gk|1 Pe%gent? Ql%n Wég (t) reagty q‘{lg %:%n%% y, %evmes

without pumps and/or valves are utilized that use pressure driven flow or polymerization
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mul ti pl e detector pixels per reaction chanber. In a particular
enbodi nent, the detector 260 is a CCD array w th approxi matel%{% 15 gﬂ.m
x 15 gm pYQEVE1248640127] A nunber of different detecti oRCHUSHOEHR

be utilized with the nicrofluidic. deyi t hat. vi ded
her ei n. PRSFSEL P A0ssAPPRErA hemesand tagreburiseivelirisslneabachion sites. ofhe
the typgafortiRs %mawfo@ateagﬁﬂ{fy &rei snsle e ﬁffﬁgenlt Tchﬁtiéi@stﬁﬁﬁili?lrtﬁe &éwcég ﬁor

designed to detect a nunber of different signal types including,

not | i nexample,an sehg matdx-fipedeviael, tietsedipassitefis voatep Athe sntersection of a set

h h | ect . ticl t.| [ , [ .
abel o, AT s o8 PHAE ERRr RIS e T r RRERE e RErled bieaf R o yine
actisve gmhaelul es, enzynes, cofactors, enzynes linked to nucleic acid
probes and enzynme substrates. [0128] Illustrative detection

hod . . .t = Corafdui di .
'l udel PR * (Pt bepeF s Bheifizhl iilehbaaRi e Balol LALALR (o, B POMERS
f | uor esactiomsy ¢hec bs describdd iarpgeatérsdebdibinfiayibb elgiomesib slevipt isagpically fixed

| um nescence, differential,ref]ectivity, and confocal 20 |aser
scanni nt.? AFEPE{DRal g?f_é% @&é-oﬂﬁﬁ@s%&g_strﬁavr%c&ﬁ then brsleeedipnademaripture
appl i catdpi Pﬁ?é, M‘E‘exﬁﬁlh[bt, id é&%?ﬂle%rﬁﬁérﬁll'u}é’ tARS FMid8 GEURLON §Res. In the case

radi ochem cal détectio Tl uorescence polarization anisotropy,

f | ud) escithemddytling meactions the dedencan Inoplreddatn any of peminbes obihyrmide@Sing
time-reso] ved energy transfer (TRET), fluorescence resonance energy
transf eP"?*BRET) and vari ati ons such as bi ol uni nescence resonance
energy transfer (BRET). Additional detection options include

25el ect [0084) Besause thecdevioes siegnads afielastomesiranateriala it ousi relatjecly epticaily.

[0129] | I detecti.on r P ecti,on .

oot i ontansBTRt EORRAG TR g xc AU HA B R £ Blet? of RIS plPation spigs
refer tg cshetiply iphcation diethendeeifinidicieviee e tasicaly, Bbwedredd:étidn
occurs. In sone mcrofluidic devices, the detection section iIs

genler al PSPursiAl thesgastionitepiaeib 6.8 pittipetiegion thitdnehpessap mteeeetioners fia
The det ggh, gogﬁt;dlé Bfind 8%1 DG Ew RN 5N T3 f@%l}]al? ﬁ}e\}’]ﬁe"vwe'?s Gk E't%lre%f from

fl ow channe t are adj acent an I ntersec ) e I ntersecti on
i t sel f,substaatizlbglirosparhet manddephls sssns that certadn detedtionrsystatks aan be utilized

sur roundi region, WD 2005/121864PCT/ 1152005/ 020250 [0130] The
dot ot | BHb it Lot U A XSO OPR SR gsHbmECToRuibi

M Cr 0SCQRAs. BHeRLBSn cal B chibeAubiak iBGcdeyingtie (Rofhoratt®@BRY Sl device or
photonul tiplier tubes, processors and conbinations "of the foregoing,
whiZh cihetase aensrate frgat bedevice byraligned withithe region afltheadgyviget to beldgtecdent
and/ or agent. Oten the signal being detected is an optical signal

t hat i s[od8sjec DedicesufilionbiheenL6% desigs 86ierdly hive AMurahity oToeRicaPiddcal
detectors, The optical detector can include one or nore photodi odes

(e.g., Bisk Hew, Bakinjersest to; foen 28 gy of jugrtionyuBesayse adlierent or
CHATD! ek By ARGLNY Bl Sl 08 B SRR B

m cr of alargecaingedr of $dnipled tva beitestaf dgaindt 6 relenvetelargy mmaber bEraactiéh conditions
e o Bt U558 o g el oo S
det ect mﬁﬁe&ﬁ%ﬂi(\éﬁl ?]]Bmh%éély&idﬂa @ﬁfﬁgﬁ Ir&%%ﬁlth% éce(rf’ gf fehgﬂ'lﬁéé) i9infffduced

nonent. As a speci lustrative exa devi ce
can be iatd eechedNlwrizonabflewahalvicds, gteadd xaN difeantregttionsiean e conducted at

ot oces<BF SBF Uiy Mepiolan P sy Reninde srbies tef Alpw Rt siichapisglation of
phot onuhk ivBiticel anlduReSosBINM G SRarkRisU tSeﬁdl (Fﬁférenﬁidthé inlQlé‘é Ar% poﬁﬂbﬁf@k)haélow

systens that have the capability of collecting signals from al

di f¥0er eselective owijust throvgh theyegicaliflowrhaunsisonghstiterough thertonizemsalk flesw
si gnal éhragnrglgaﬁgca%gg <t1év?cr]es %?‘ﬂu? ?yplé tailg%zfﬁeg(ibi{igrlv% relszﬁ(e}c? {ont%!e S€ ('&33('[%;190(%1t e

type and number of samples, as well as the number and type of reagents, these devices are
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30 reaction chanber. Particularly because the assays contenpl at ed in

sone enbodi nents of the present invention include blologlcal assa
usi ng 1 J¥Pé¥EEAMBYyes, which dyes photobl each due to eXbbY¥SESAY S0

excitati e.lim e total nunber of signal photons
o) 2005*7@9&%%%?@7@%2 w@wsgmo\ﬁlab RABens i RreeTyt pege wumbsy ef samples
ef fi Ci efdhinsPd tedfiveBMaftie duber bitdaBifbrSdBRfHonp. hﬂi&ﬁﬁnﬁ%\f&@s & optionally
|rrportance in instrunments such as that discussed. Etendue

consi denearporate guardaclsnnble tobilp prevanideviapagiome! ¢ampte rixdrdactapter t ur e)
and total system magnification for any optical system since

i mage- 00s6INAS6@ae hggfh -ddnkity ﬁﬁt(:@d@lgn@htlh@é ﬂ@iﬁtdoﬁiﬁldr@&‘h%ﬁ vits teRPect®ers
|

surface for hi gh- nci dent - angl e rai; , general, arbitrarily high
obj &ct fdbmwpieylaidiradeniveite weave eastioblings @dﬁmllﬂmgh@wewe For

bi t
megni f 1P f%@an B ERhe Bftach BRGha ot oSRA B g ighengonsiv
si mul t ansmion ceh raﬂ-apg&nmtts @k lppssitslb.e e il be ek ident 16 RO 0F siH % tHeleg multl-

above) rise in i . Conseque i.n the system descri bed,
a | ar gdaYergeyigey 6111?%??%0 @'@Swo‘f?ﬁfw&earea oh ofher withony being imBud used
to all

1), | il %“8 PRERVIEh AR Rl ghoifn. o R AE HEMR (RGN 1 B iyl
i mage- szlodeedml ofa 1©a@Ht dnidochahee]l GCDseonhd ¢dyeptlovighesvincabibanthblsecond layer
perfor W|thr S (ft to.surface refl ctlo | osses, 013% In sorre
erbodi RIS SRPISEBAEle Hereiy, dbe ST duanels eRd fisdaessat JHPBES JapEating in
dept h- Pf@@ﬂ%eageﬁﬂcm k@speiveld). Uil dathphd arfdr}%a%% a%%ermé%lﬂhiag

blur due to depth of focus 15 greater than or equal to blur due to
| ens atemmautiestonayith eachether :ﬂm@@) arf igterface phmmeh@pthasan interfads wive

Feactt R AEEREN o cob QPR bR bt St B B

chagbergadtidntcellbEn asehilR L@ faddlis §iRetjcLoRed, ithéh ﬁ&‘a% t 3 Iiatr&dlméﬂ lifke |th§ﬁé§g§m
this ob! ct-side NA consideration is in ood eeping with the - 0.5

NA naxi e} &0ry @PF%%@@P%BB@SMI@)FW@UQ wehifte uthesﬁamp&whaaéeléhtoygbl thef
20

SR A A

aberr atreantnsn celic r @as thg réabomchiBrikraigelatdd, ﬂi&llﬁteﬁad:d valvd idlopened to cause the

magni fi cat The u 1 cal systemw th

ot oct Grple Shatnyer g e Teienshamberia tinie ST CETRHCYITLIT BBothersged
i Saphushi. [

ae2gn ?ﬁraq%éhﬂg‘ﬂfg?ﬁﬁw e iR g oSy SR M BRI e prcnany
may be varietiests, vodifications, andalianeadive® t he size of the detector (e.g. a
CCD focal -plane array). For exanple, some current high

quant urroe$]i CAeaedinghih baﬁfcamd&ﬁa R havisroTRYBc deIBOSI00Rs ffra27. 6 MM
X 27.6 nm This detector is sl |g{ﬂ1 y smaller than a mcrofluidic
W

devi ce mycrailuidigdevice adapsgd tegedet 8o of dififgrentesgmplasivgth N nambpsetm

magni fi t d r| o]

near sy&s}ﬁerr%}ggémgm ?’f cat r?gog%mrgﬂi' O%E%aﬁggrrl g‘%iflsf g&QPe ate elgc?lﬂgnmgg a
deRéct camplechgmbei aie) a teagérdehimbid, WiesanpletaabevadalereagtitshiberltRing
such a gﬁgkﬂ fication, %\g}’51 005/ 121864PCT/ US2005/ 020250 [0136] In

ot her @ cREpmenicalioy theaveloen itsrace chamisd hayiag pa interdaceryalvspesaciated
axi s) I.4f

P e S I S
KY- pl arhymbert)a ipkurelety sif lsa'npltesnlets eatieinnfiuid comrivoication efithrike snfm;ﬂh ehambers;

chanbers : ni num re UI red chemc ol u
o iyl & rifashbinksl e i PP REA ol WA (e P amiEs: pjerein
smahl mEbekE saﬁlpxeeaw&r I@ages@m&& isR 'ﬂ%?d%cﬁﬁvnuﬁ'&aﬁdxf@itﬂ 0590%9 Se¥HBIed

required mni mum nunber of tluorescent or otherw se
opt i calchgmbers or pngjontbe eengerischambotsj wepesjivelynthsangh aviz a€ertaiit embpaginikats

include having the reaction cells be formed within an elastomeric block formed from a

plurality of layers bonded together and the interface valve is a deflectable membrane; having
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[0137] In cases where object-side depth-of-focus and/or blur

require 30 necessitate an object-side NA S
"‘%8620(%%2{%85 ggf/gggog)ﬁmgogso

possi bly of nore generally NAO 5 NAdet, a larger

desi r abl,e to E1 endue con ratio cussed abo
since a a%ng’?e'ﬁ??gen R ‘éacﬁ’t?flrvflﬁb S@P%@gﬂﬁ?rqb{%‘gﬁﬁémg \f’@é‘i‘ﬂ
sanpl e ghd e reddeht ialdt mad&ﬁﬁhh@ﬁcdﬂen Wit e @ea%bﬁlﬁ:h%&% ef Mm%hgﬂ rs@gbnt
NAO. Hence where |light-collection re%n; renments (e.g. to achieve

I2005/ 12 $esmplet portnnd foptrpmde ghanagk mg@/ O%n s¢agent ghpgned bbmgment@d
g;\ gle d (';"fﬁtéc%\ili% P%C}i\@thes mwggvh?@ﬁ Q ggﬁ iy 8%' gssﬁagtegﬁtﬁﬁwgﬁ RN

desi¥ ab bmtm]lnhg fitidtcolmaispctian eherethrdﬁghﬁlﬁhv&ig thb aalﬁbefa%bbiated With f¢Ghmple
enmbodi nent s f(%éctg qe usef ul e a detector _device, for exanple,
one or FRAEe BYVR E%QSSOHSWP@% reagepk chagpel F%be‘é?b £ Rammunifation Witha

of the gigrfhdrihdusn Q%anﬁﬁntc%nefmhémsﬁmlléﬁ ﬁlg ifl L@ fmER & &bn
allows an increase in the magnification of e opt| system an
hence (worircdchamgklocaind elvegatlinerabdutriognel tolbe oif tHetsampld dahne or theoengent
t he sa le for a fixed incident NA onto the detector (the latter set,
e.g., ]Iectl on | osses at the CCD surface at high incom ng ray

i nci dent angl es). 101381 A particularly preferred detector uses a CCD
carifta EO§SEn Tgielusi v e o iuknewls o e gnt oty

and a hj n erture ethea

col l ecte rlt)hrqng ﬁmrt(ga ARCTARS d:%lngs §esc{1 &9 Reﬁ@r“ ﬁﬁfjm?]%ﬂ]&’{:?w%%ﬂj S.
sensi t i Piteyt Albmmhﬁmanﬁmaf 60/55 721 Kiﬁgvungeltﬁleai 0A¥Abh 39,1804 OWhich is

phot odet ect ors wherei n each plxel roug of pixels corresponds to a

react i olcemperiest hergindar all puRoss; &e GIIERT P Upgwa@‘éd@ﬁm-h@ﬁgé cortinugus fluid
F eduredb e (BB FavIBbBE ol Bfica S0, LRNiaPRBGE, hhise

syst®em pmssnné I Engerrfmﬂmerlptr@hﬂesfﬁ)ﬁam maoimaredagitemrfoﬁds}am@ﬁg and Actsaing the
enbodi rre fllé is useful to %ei%gh aspect atl o, or col umar
Chartber VB9 B BERER HPEPE W SRprEed G5 b shobg avelamay cphediment e
det ect OfuighaRd s?ﬁ@m?&té éééc%nﬁflatBﬁ%ﬁﬁﬁEﬁuﬁ g%ﬁ% eéﬁ?pééﬁda @év?‘;e%%p%

by defocussing the inage To I ncrease e dept Use o
NA | ensp1§5PQttbahmq§eSe¢%mbm}p @ thodesteneds|of tlammﬂu@aldﬂmﬂ,swlwsnelm platen

used. 1{1 1 Q, usefu 20ﬂu e a detector .devi &)r exa
or Cror oI BEtrotE Shotk pbfls FLAER S o PR iR Wifly L fao® bR Bttt
t heagni csqirda)bild ﬁaagl @3t thechafichRE86hs 106 BRnipAlatiaRpbRnk @ﬂ théi rhidrdfiigdic

| ow NA optics, inproved detection sensitivity can be realized. [01391
A det ec8ice jarexampiend ot lignited tp.i ek wdvmsee for stinulating a
reporter that generates a detectable signal. The type of Iight source

utili zefd088peAdwttiendpacd utilizet e embbdinntfoftieprdtent fRRAtéErobRIes § carrier
activated.. Suitable Or%t sources include, but are not limted to,

| aser s, Y428 A W@ biligng apRlasiospricddocky Rreferdy thercapisriips prgess .
1T a | agefe aﬁhwdﬂo%ﬁgfeam@s hwrorqggengg r il hdid 2 iIGRM WA RS @

set of detection sections or a single tection section. Laser diodes
cartdhe ﬂasioméladablochﬂ’afduglrmdea:shentmhannéllfonmhd:mcdemﬂﬁhe taeikf; .an accumulator

Al t at i | di be f. d t
Chat 1 sffg B eath G s Sopeat Plef BeStaatug-Rans, eSS ner
to condwph tife dab@drMBld, 6 Y¥Riid Péit HEAGT BhndHitibR it e eia@t%ﬁfen'c'bm Hhe@n

the diode is directed into the detection section.
2005/ 12thedprtmrUsTuerabboasessifle Mol autemated source afwaonuml or@ressuandveh as

of non ches .a I |. ,For. ampl e he detegtor can also
"nol ude e rbP R R s EA ASE R Ryt e Gin BT ARy g et D SUEOS
pot3nt i lameh hiating @perthdtenstes withlted Baill g,@ﬁ% faRtdPisoRedIHE COIREA L
sensor (e.g., to nonitor oxidation and reduction reactions). 5[0141]

Cert ai antW?%ﬂr thg prorsiedpystem foa eprltiag Thud eresyuserar vasupn e thasdlestomeric

block. In devices utilized in certain embodiments, the antomated source can also make fluid

communication with one or more accumulators associated with the carrier for charging and
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25 [0143] Additionally, enbodinents of the present invention provide
for imagin stens that are slightly reducing, formng, for exagggf,

an i mage Wﬁ&ﬁ F131858s from about the sarre size as the ob?gg{USF‘B’SIEQ

hal f th F nbod f

Cpati al SFQGFERE BT O] & trepmeliors 1§ PR PIbeAmENT. SR S may
the spafirlr 6GEHAR NRERM 1683QGh AL aali it BRES: t%a%n%ﬁtsqﬂgﬂﬁﬁgﬁmd@

i mage detecting device is used to capture the 30 image o spati al
regi on desiiery vhardimthgacgien mnadmﬁslpaltmatbnale}gffmnitﬁmn anethebpartioeqfithe t o
or sllghtl ess_,n.s t han .t he s crofluidic
devi ce Sk 1 el rofe tehbheds hEeaor bigh s Bompal Sofhling and
spats al diseubsn gf Eéﬂﬁs et b diffefbnCfr8@MhE BthbPpdriin of B8R cRfridk NPrerffRd
2005/ 121864PCT/ US2005/ 020250 i nage of the spatial region can be 1:1,
1: 0. 99, mategalydor immoyed themnad gonductioggnd distyitgtion inghuyde, hutgrenotdimited to

1:0.5. 0 S h Th

part 1 cul 05 BB IR e d B i shRR Lo b Suptn FHERRIS = e
| magi ngsemissraimciv tﬁlelcr&paqmnsbm whitr ppa pbrtich ant ﬁmlﬂl@%fe@rhg&l{ 144] In
sone errbodl ments, the optical inmaging systemincludes a fi eI of view

of abou A% d%sﬁﬂgfigﬁb ?tﬁﬂﬂ b IR Odh R iinSnts %?ﬁle%%éeﬁﬁhxé ize a

system nc udes a vi‘ew t hat ranges from about cmx cmto
abolfx Sthermal sburem fot exauaple,totihar hmrttrbt;h arE@Rshermcpdjp@uﬂm‘m m:h}dhm)fe beeew

f 2 2.5 2.5 07
om 3?@?&%&?3?%11 S prigma %meﬂ‘%r?% rﬂte er&raﬁlr tgsﬁwrmﬁ‘ S@é‘ﬁ’g’r ?aﬂeeﬁ@aﬂy
field ofegiiaRd pRftidd Bafhnifab wlm&ﬁoﬁgﬁm@%&@e& ﬁaréﬁ%}a%gﬁ fd tlt)é?mal

correspond to"the spatial region of the mcrofluid evi ce,
exanpl esondnctiomeand; digttibationgpartipm abide cafrier,darpriovidingidhatres] Sopiol tn ttlm est

| magi n  SyERER e Aty I el cibgr S g A PO 5 i

an MNA r@efiing ehibodintent, thernthl SomtSctids Bxprdee W@}ﬁﬂﬂhgﬁ sbérc¥ 3F kAHSm to a one
enbodi nents. In a artl cul ar enbodi nent, 5, 0.18, 150. 2,

0. 23, oorzaore@hsnnedﬁ foemnedwithmn the éh@laﬂbmw@ded ECU‘.!%Pf thashespual scarcce,
resol ut \'avﬂé}eﬂlftpé E’if;anﬂglts' éf% ?c}]@&atééf ﬁ%&g‘hg@edcf'tﬂ?%gl@g aﬁ'cb}{deﬁ%oﬁ aL&' nction

of the size o e pixels'in e | nage evi ce
enbodi ndistributién pdréiop o€ gerdarriarte applp Buctioneo ﬂﬁ@maintmatﬂnmpbsﬁmw thé theansl

f dth f th [ t h
det ot GOMPFIOT BT Ah P TR H R B Be Gl &P S bS B TR e g fpme
r eagt i ofhndfctfdi Mt istribRNE! Gﬁdrhafn of fhelcrridl & fth ﬁpfﬂﬁyasicfal bentEct Witntth Pk nainder

detector pixels associate th each reaction chanber. For exanple
if a reefdhe gamchbnberasswlaémi yith dre ramginder, ofiihe t:m*nmami&quhsbnméﬂ@:k by

havi ng s:d i on ua mwll ov W th ere ctlon
ChanberRoEiae HEE R a8 e Bt Postartlo dhe e Binerls black orp e

the presgnhg n%yp Ehir!r&ﬂbdnig”tﬁe BESRIT (19 thBie® LonRRE6E bad @i@uwuhbn g@ﬁi&n to
reacti on chanber ranges from1l to 100. For exanple, 4 pixel

r egi onsreducemaxasitia thgines stfedts caised by tegyiasmier; Tpshoplddest undegtendshatda many

| 4
e BB S Eh AR re R B PR b bl e
ermbodi meiih anpbf the &npwe Sedlofiuiie déviess in [clféledrﬁﬂotldas@im@ terg) trer hamiphe
present invention a ran of pixel sizes from to nk are
01 1 2 eApvs Pradeirtich 26 Birmendalia(R) by ATBRIT(S) Shsants gm&gaaf@p@e

3_gm ongga bequ (éﬁ%e‘{g?ﬂfbuﬂfhu?ﬁé eﬁ)aiigoﬁm s a2 @'Sdgate%tg 1&%&){5 f)aoaﬁla

13.5 gmon’a m on asi m’ on mon a Si
and 30 @doqﬂﬁddmgdb’ksarom LQudkB,Zcﬁ‘dngermBGImMEfdihﬂﬂlmﬁh&Sﬁcakﬁmldlc

g BT e S ek 0 Sl %ﬁﬁfﬂiwké“e

d' Mensi QR antaf6F thd ehetaPATvaRaghy ﬁiﬁl ifhp P(ﬁfenﬁhfsaé’ Faﬁﬁctfo‘ﬁlpﬁﬁﬁi@mn bNreducin
al ternative enbodi nents, rect angu ar p| xel's W I xel" ar eas "t angi ng
parasitic thermal transfer to other regions of the fiuidic device, Wthh are described above in

the context of using an elastomeric block.
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10 characterized by several system paraneters. For exanple, a working

di stance of g(”eﬁt er than 35 mm for instance, 45.92 mmis avail abl e
t hrough eWBS&MS ?'ﬁ% of t he present i nventi on. In anot hEFTAFBYS0ARA? |

a Root rreter vera 13.44 gmw.th a
mas murl Ot P@S%ﬂ@ e ?f?s Vi peg ?g o ERindgmeRireE thepaerest

of the ﬂi@ﬁﬁéﬁtbﬁﬁ dtﬁ{bra@&arbm f f 01S
achi eved. In some %nﬁ%odl rr%nts Phe %dﬁg;;g@%ﬁg%&%@o‘?é‘t Uiam f’/cal

i magi ngthrgugheit insregacs of arfastor ofHh, 8, kdpenchsh aﬁldlgr@term profided 115§ome

of <o PR T, TSR Rl Slrellen ek bl i g oo

Figuse. bBopaatameJ NRdrebves theriye @R Mnf SfetiRdts! STRAHDSins s (ﬁfﬂl&?‘é%ﬁ hf\@ntiOn
an enbodi nent of the present invention. In sone enbodi nen

i magi ng ¢R3pie BRIl %maﬁoeammlﬁ propples r Borremampleyin 3 $p@erdicrembodnngu QG of
il f
Crystal bts SROCESayE UG BKLARE RIARF ST BaBHoit M Pl fler

syst ens exanple) the D6 assagls ame cbmpun@tslﬁf aa"ﬁﬁlll\ﬁsis s'aiadl@de Wsedyof | ui di c
devices are found in co-pending and commonly owned U.S. Patent

Applica 0, 42 I : . t

Appl i caﬂogg “g:uﬁ%m 85% 7T, “Bé‘# gfﬂ}gﬁez%ﬁ” lﬂg‘%ﬁﬁn?’%’lg)‘fg geg&ulr%g%hogf

whi th avelug®s.i hn@nmﬂlmﬁew olﬁjherméﬂn’eim&mtitm; sdantiérovolainks pangimesesn 10N
particul ar,. additional details.regardin 1 cr.of | ui di c, devi ces -

D v qeBieafteR 100 HRa o wlided B SermeclbSiisnt: frodinm v mrreves fan
use in ¢ONhAHMIdOBreWitfliBed. MOLel By my%f%&ﬁﬂblesln%mmouﬁnéﬂt%éﬁl d%ﬁd
found therein. These diagranms are nerely exanples, which ‘shoul

undul y bystams efifke Bresp n@)ventlh@a@waﬂmd atactiomeluofes of d :pmoytessgusol in

th t | t t

rodi 1 cBiEpeEs, | FERRRER, ZEMMSBE S0 Ployte, BT betdify. Jhausmative
embpsli membodiienisheaétidn mumes @mﬁe&rom&s rssganolilets; O hidhitérs dm/ﬂa@leh{eﬁsobo
is securel il pl aced on st Based on a fixed feature of the

2005/ 1288whitses A0spooler? ég B@lqlﬁt‘?fﬁ o nmglitersiand 0 paoliters are utikized! e,

an edge of the base support of mcrofiuidic device (30), conputer
(110) t[wa3k aﬂ&apsndmg on thevgeofi2fry off thenmviéciddragierdRidic dbdué akdthalsizgdf the

mcroflwc}l ]gec\é(l?a aﬁlﬂlnaflrSt %ﬂEOSItIOI’I wth a first of a
pl ural i BY° 8 195 ARG FHS GRS dhefluid copmapnisation pathg RRgBrogewIng
e nbeddeﬁté"’eﬁlﬁb&hﬂeﬂﬁ JPtRé Pebdnk tHvenGGy} bl%ggféng‘(s)la? {ﬁﬂgt‘.“? %rggé%rﬁj%%'itg Soxffeactlon

di stance from a chanber center point
devilte ¢smbepadeasition Td@@mere@djodnmgs fﬂl@methmés ﬁm&mtemwfuhepre@em feentdn

th th f. the f th
the | mede g oghy iR e B Jeh i iR tanare 0 Sdiosmpaesni s oamerl
l'i kew sgillfen gBsnbdrs beﬂdﬂ@ @ﬁ&b@t W8y 6f exnmiie rmzcidﬂuﬂﬁ@ﬁéw@émﬁ% &Fa%b%r

this process is automatic as the centroi ds of fiducials can 2e

cal cul a@@dltﬁﬁﬁ eE22} 1008y 2,500,540, 09, ?51@0@:01 @ﬁ@ﬁmﬂd ?65033@9 chabers ger g ] @@t

and re i Vi 60

The contid sPEikaagts SHBTRLHE, GARPRGRRL huvepiB Mo RE ek rate Rte
of Zocadlenpitien éx‘tﬁﬁh)oﬂlqOGOgﬂOﬂ)Schuﬂmerstﬂ&e ciff dicaitidizedraltkourh thisds nexeqiatest
once focugsed upon the first fiducial marking, the inmaging systemthen
obt ai nsPHt iPRESENLANYEtiB di nat e i mage of ni crofl ui dic device (30)

| ooki ng for additional fiducial markings within the field of view of
15 i magitdf4lde Upermting @icrofluidic dévicasedilesdohdimtimearion heluties reliuoés rcagont

can enbrace an entire neteri cell. The conputer en anal yzes, the
First xOYECBOPa ALRIEAE: MRFER v ioms TPRRTIBRntE REURPERSHI Y eition

devi ce fha6idekeMhRRGna Y REED ad A tbf eﬁ%ﬁwrém ti%{er(fefté‘choﬁr@héiﬁﬁcf%aﬁﬂ ned,

transforns the first x,y inmagé to a ign the 1 mage and coordi nate nmap
of ithe ernehingtion; ‘M!iﬂel’e@evﬂ@eiuﬂniltafmv& VB! itdigingtbesdisystems aapmettiods, six

| deal i Z(?rﬂer% %? Elgear%tylelarm range ar g %rdovn?e efror gcl)Jl'll"lle Q l%gflénrgaa %ve?lua%tqruga(a:t&tlat?ye

resolution high enough to allow for the detection of sub-nanoMolar fluorophore
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[0153] By conputing the differences between the coordi nate maps
t hr ough n@brlx anal y5|s a matrix transformati on may be_devel ope
h

reformt (el mage into an ideal inage for use in PGF{[ﬁ%‘?ﬂgfﬂ%P&a(b

Gevi oo PO eBRPSPinE 40 ASRThkamen ne ok ordlrenCal bt P Rvosi<eimirng

i's posshﬁlwg%ﬁaﬁ@ﬁlﬁbaﬁchﬁ&ﬁmiﬂ ﬁ’e@?@!ﬁ@e@r ea of a netering cell
chanber reover, if defects or debris are present within the

chamber es such def

or debr |[@695L r@%tﬁﬁéasg dn@u&e@ qh Eleotalﬁle nPB%‘sﬁggg ﬁ?‘%g%\)%}“@"? Ry ng 3

si gnal s nmheﬂuﬂb@dle}wmhawomr&is&da ﬂﬁ'@l chamse] fdrfedddilin pmelagtoMREK initertilfand
ar ea &2}3@? V\/m ch contain defects or debris, the walls of

t he haﬁ@ qwsharpeleine i dcempymiration Withdbeflow shannel. svithhan enst
not caug éﬂ%cﬂghﬁ@ﬁgmﬁm?é? dgﬁﬁng Hl?éaﬁﬂHﬁQ o ARAYs 'oae ren 8 t 1s ntll'oduced

di scr epa cy between various [ayers, et'ween
and t heimtbaashedf theseactiorcsites cdnddhdiea rabiiod iatieidcied abehecor mdsle opﬁ dm ﬂe&cﬂnm

of a found ect | the CcOo rol |.ayer as the contral .lines

t hemsel P& 01% H% winchdp eem&tﬁeﬁﬁ I35t pue ragent Fihir thefeagiion
on the gantTials, fo?)éﬁ }{)l'edélﬁieﬂioﬁ &Hﬁ%ﬁe"iﬁﬁodfc%%&g%ﬁ 6}1&1@3@%%&%& acid
this extra transformation i s i mportant since the con | ayer

par 10t i emplifisationgegetion and ﬂmah@mocwlm théy eompatentsfto tﬁhm muphﬁ@l priodna. As
[ 0154] Ei fi,ed schematic ustraln a

Fene. s BB RS debis i Bl ol SiegBR D pr e S kX Rrecl e bl

i Il ust r at@gringlinf debiinasicPdfhAfic devieedisprbdisd &@Mﬁdﬁzﬁ% 8 @mbodirRéRY bR pté%ent
each of the figures. Although the thernmal controller and other syStem

el enent ¥1V4PE0Thot il lustrated in figures 2A-2C, one of skill in the

art will 20 appreciate the relationship between the two figures.

Accor di [ﬂj]%] Wadilestenpal infiguad €A, dslﬁfoarﬁmmlg’ay@hﬁrsiprm&&l dreertinpior softé
y the rel ationship between the

ove fro ure |A to further clar

var %us € n})@fﬁ}%@ets 0[f Sqﬁlt PYENfiIH@C E ﬂé‘ﬁfe?‘i@"? maging sistemsepupled to
figure gRnasl doﬂﬁbHﬁb&\ﬂe@ §ﬁdh§%'st§ﬁ§ﬁfe%ﬁ i to c(ﬁ% hité'%flﬁhﬁ%ﬂﬁﬁﬁ chips
first aperture 1s positioned between In |V|du ens e

however withiy s M geﬁﬂﬁﬂmas rhlmmeeajnblyhmhﬁs pY esepal tovde Fof examplle emHmdrments

ti I i t he d oth h t t
PPr st aBERR prbR vl e Pic bt B S bl Rotin Rabgue v 00
goal s. f@@mﬁcﬂaﬁm%rss ysd %bﬁé@)me‘@ne%' 90 aipattitla féhﬁ@dﬁﬂbnf lgﬁ%ﬁlp?e% and 96

i ncl uding a second a erture 213. As discussed in rel ation to first
| end0 syxreentpam utiliged w mécapflvidisenics veithea 3¢ k A geastipm charalonr gaoretrvi Al

the pre gral [ ferry to.fiqures
| A and” I SLEVEE ¢ Bhe SRR FE PP BR el P T b et RplPoinelb o
are il | emboditrefis of ﬂlegﬁﬁﬁhainvehtﬁiﬁﬁeiﬁb&tm&)lﬁﬂcﬁmaﬂﬂeﬁéﬁl nﬁtﬂ@]@ applidatibee
optical filter device 213 are provided in a portion of the inmaging

pat h. i
2005/ 12@86%7‘%%%%%2? 3%%‘?@3%&??%@%%% Jpstrating ap optical iraging system
t r ans m sxoohngfo mmnmdlmmmtmfﬁhamm ﬁmenimcm sAs ﬂ]msmtgcmai Bgire dr, b eptical
f|UIdIC evi ce, t hat.. det ec %écrlbed m)refullxwﬁe)low,
opt RS $94 15 BFOVEIRH AcEORInELe Spt é’é“’f‘%“%) © Rresent dpveato pAs i
bandw da&scHbIMbREAD B eRky, WPEGNd &H%cﬁﬁféﬁ@%fﬁ{@p%ééeﬁﬂn%rﬂﬂﬁa' ﬁgl‘i’trﬁjorla%ptlcal

adapt ed to process one or nore C hromati ¢ aberrations 5 asSoci at
witht he)u(me’lf’érls wtihizeds tb anduss deatesegnics &i @ sangplgn &l @heroenabcnﬂanemtm ned

| evel . I;n_sone_enbodi.me 0ces.si,n he aqne or, nor hro

nbort at PERE R BRSSO R RS RSkl thf Sl finlcRh Bt
parti cut@hp@iEh@diiltadded, rbmheteds Begdedads Willl Betdvidehttodié of sERI A tROWE! In
opt i cal elenent 216 are prOV|ded as ijlustrated in figure 2A

Ref r i vigiaus embgdiments, optieel seureesiincludiag light goiféns @p@fr&e(hﬁnﬁbd#ﬂerﬁatawo n
I's presgibhe! MckddEscRRE ffifps, MAlHe REL WREBuLOE &L Ok d & BN 58BN Gic or

monochromatic. In a particular embodiment, the optical source is characterized by a first
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25 are also included according to enbodi nents of the present

i nventio Figure 2B illustrates the first and second |ens
systens &7?%9@521218&% ssion filter wheel in a second operng 2005/020250

ition, t h iment .illustrated.in f.i 2B, th tral
POPt or CsptRLbadns RO R ARbecing crbadidba e Nabip dpiif i tbie R Shhh
the fl Uﬁfo@ﬁb@g%pﬁéﬂﬂ\dia@@x}e@msﬁe%%@@ﬂgh%oﬁ ORYh 8 B0 760 hit.

characterized by a spectral bandwi dth of 25 nm GCenerally, 30 the

spect r aMerely yrwaof exemaleap Lambieo LS 3AMKendn Aoy lesweanaileblgfing Sutter

associ a | r eniitin t bl ue" wavel hs

t ypi cal #&ﬂggg%%ioa&%&ip% l\g/\/zl\t/lgl?lé&négstﬂlgpﬁg%lrso Y& 1S HOPE elﬁg‘g%éylgwatoﬁﬂle
por t3 onpkerdthevenfibh.c Ak v ®eevidant to\WBe 209511 12 LRGH6het SRAQADINLEE50
[0160] An optical elenent 226 acting as a_zero-power doublet is,

i || ust r dtasertsrzefibylpgenes snalles spastralispdvidthy are capably of heing utdized jower

doubl et _j Vanfied; conpound optical element, whereas in other
enbodi n%lket}g@{‘{%he f;aflﬁé}tgand zero power doubl et are detached from each

e B T S BRIl
el ement gyarhglanfbde iR Wiich the %%&zﬁ Sotirté SlpoPRBL AN HRAZEAARR F1Rr Wike 2.4# is

second operating position. e zero-power doubleéet 226 i1llustrated |

fi gt e piHlized tdepécirabivl filter hedigbtemitiod by lheorptichlsomibeer 248t iQfrcoirst roditipéed
by the tical, ,syst.emat "blue" vel engt hs...In specj f.i c

embod noirs PR R 8o A o8 Gorlbte; o Sl rn ey Qo BRlabipt er whea!

chr omat peyvalee amatibenofdpetitd fMRYLd0R ddht@POQfakdh E&d&kﬁﬁn&@ QaPélbpsth Pdhge
froma particular_ 10 fluorophore, for "exanple anfM _[0161] I'n sone

embodi nesARProprine fos excitiaganecifidiiasesceroet o insample. FAsHnsteted iatfigure 1A,

opti cal 18] | 44 ' I actian val ues. .Mere

by vy P caiBn et et ERpbd W Bl S0 Vbl e B G BBl
i s Toupitediltess. dnaquayvitenldrl caitadirhe@itSthe kxcitation €ittef Whedt phnddeyiiumbeh 6f

zer o- power doubl et is a Fraunhofer achromat with the optical elenents
15 cenetRestal f&ther. In other enmbodinents, alternative designs are
utilized as will be evident to one of skill in the art. In sone

enbodi nent s, [Filtdrdd Ad@itdslvetisa emtérlwaystengtherd 486 noughiougpeting bandwidth of 20
specification are utilized to reduce axial chromatic aberration in
the bl UB™and red filter bands. [0162] Figure 2C illustrates the first
and second | ens systens with the em ssion filter wheel in a third
oper ati ng posFiliesad: A filter vathemprpirmavelenpthuadt5s Amedandme spegual dapdviditnel 20
spegs r fi der 20 228 is centered at a wavel ength of 645 nm
(asSociated with the fluorophore Rola'', available from Applied

Bi osci ences) and is characterized by a spectral bandw dth of 75 nm
Goneral l'y, t nEilissas Arfafermifh wronboravaveleagad0 nen aneneriral Prudwidd 60
si gnal S?Iﬁssoci ated with fluorophores emtting at "red" wavel engt hs,
typi cal Ty associated with wavel engths near the |ong wavel ength

PR A A T et R
2C. In senpt BARed imeéépmﬁaﬂaﬁgbéﬁl hﬁ@&%ﬁ%&@gg i?%ie&af ﬁltét?igd/a%piq%lﬁ%oﬁs

a conpound optical el enent, reas I n other e nts, ter
an®z er Bugresesncelpabisets far partievlacsrenplés: dvivreavtr, althvegh thdprevives dis¢ussion

nbodi t i ssion filter wheel | tated to. modify th
Bon ORRRTRIbE i 5 ARl et Bk RS PR P PG e
from t hemBHifrefis! spebiraaNRAare PRFAdddNH gB@nbikics Bthet hah BSvHeBI. Thr example,

operating position. The zero-power doublet 230 illustrated in figure
2C i s dwsrigaditerpthaidrep intoadiites heldrnelestredoptic Mltewsnfilters plagedintd the optieal

opti cal "red:! ecifiec enbodj,nent, the

Zer o- pokilh Bh B brs. RS eGP AR e ReR B0 B S8 BT Rbsal o

cor3tect inkentictl Miombl«r, Abshérambodirasnts, lige sical wgddis asanbictbed agapiéd to
emit radiation at predetermined wavelengths suitable for excitation of fluorescence. One of

ordinary skill in the art would recognize many variations, modifications, and alternatives.
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reduce the blur or spot size at one wavel ength extreme (e.g. a filter
passi ng in t 15 wavel ength region) and al so reduce the bl ur

h
spot size gtm@”gfq‘%?er ent wavel ength region (e.g. for a PFF{UQFOW%%S(?
b LWt . el t Lon). .Thi nefit i ful i
Pases vitabD ; A DEURIRE RS Far e ohd ot 2 BB B n oo SRR o ng
on sepagab&iifiesRdf ﬂlﬁgiﬁggﬁﬂ/ehﬁbn. eTHh exclMdh dhdfer 8 _@?flkﬂfg:]gl%ﬂé‘r control of &

wavel engt h reg}i&ons, y inproving the sensitivi the entire

assay. GHEPHPT(d8 seRe srdelments o becknsssibe opticabsizral cepereted by the optical

enbodi ngnt il din the ard, will erstand tha

there are %azr#;? L%lg%? g‘fﬁlzdglﬁ’gﬁ%e?éﬂc%f fhes %1\?3510?@%; B’i‘\?\%%gph%ggnq‘iﬁ %Ihh}?'ay

be i m Appiicytiqa, sk citatidiuegtis BRlckéd while bdinsledirs ideited a feholvbd 8fiSthe
of different vvavil engt h _passbands that are included within the scope
of the PPEEEHWEhILRE calibTafion eBgratigngy fe sane emBodimenisgihg skcittion shutter is
fluore ekl 35! : f j: h .
Feact| o tobes 26 AAnBRS L LA dindits U Bhe P LoROk WEIBBIRE: Rerfhcive
m cr of i meatisdo 25tinmyshctbe aptical dowmge.t 0 an enbodi nent of the present

invention. As illustrated in figure 3, a nunber of reaction chanbers
pr oduce[ogpis S wltitnahe Bxdifafish sNMEECoEled inMAVEHeR BOLiflod; the btidalExcitati
enbodi ﬁ[ent ]of the present invention iliculsntrac?gd%i n1 ?i’gu?eﬂ%l, acisl(;(n

16 14r r a3peudl passas thrarshohbtydusdisr2d Siand dredirectad soareo smpingé oratserofihidic
first ve| th i. ssociated with a flyorophor.e a i.scussed. \
o evt o e Rlovifed G Bihier (85 Ty oPHEE PRPSIifR ST PR invention

i nt ensitiliz3Quertz BhtSwidee, Bquid ighf %ﬁ&és m&@ceaaﬂﬂmr%')s@s@mfs}mﬁtﬂl@nk@{o the
chem Ca| processes occurring . 1n the reaction chambérs. As

i |1 ust rigesase ijupigatign hemoigenaly. dy iliystoftedin figure | Acthetekeitation antieal signel is
. Y ; i _ \ .
oo riirertedr BRI USRS A0 R AAGAAH B Dotab o b pereot; to

r eddt i ampitgendees sarface of thefrhiskalluidicsleliat LOR A ilhnteted W gure 1A, illumination
2005/ 12]}'864PCT/§$1§00 / 020250 enbodi nents of_ the E}gesent i nvention.

Mor eov el N&REGPRVINY deyics it dapiticold luminsderdon: dn pther prebedimsnts dliwmipatien

are chahai-ablgrd t@ﬁle‘fﬁic die Qle?ﬂaﬁ Sﬁfé@gcgsé ﬁ‘é?n;glﬁgrnkﬁo% Sid80gY Rlvice, via a

chanber densities on the order o ers per square
cent i neinglight01663 a poisnefahe solkcidroomipabiphin @fhefolptical pathentwemi thsi on

centered. aty a,second el e h produced by a reaction occurring in
a numbePoRyIpdis ?’lgﬁaﬁé’r‘?ﬂjﬂ%goﬁlzggent ina mcrofluidic device
accordi ni(]t o an enbodi ment of the present invention. As illustrated

i n20i guP¥0, k someranbasiments, the dbimisatiehefthe micnofloidicdevics wigh bghtat a
d | " 2" i ng fi. d.4,
Fonct) GROYSLERE il cxcliiEh SR Brov S b il nf S iRl 1

chanberthesereptbodiméritgatlagie fRid bEviewheplovidet, whick le8illéd the bbgoHRaeO 6L
wavel ength, or both 10 the first and second wavel ength. O course,

col | ectifagiesssReaRalications giat inyehe imsemgd hieee rgealyed ehpmiea) pygcssses and

i nsi ght...4 t ] S : i k - he
roact] oot 8F RSy e i iGAIAHER oA NARE L Il P
wavél ermgifidicptiodpmecksesamedinanresstbedipmesssethat beacfit o rinbiodinenits efthe
Referri n%ét 0. thet. | eqends f? t he fiﬁgures, t he range. of 15@@ el engt hs
i |1 ust PREEE" PRCHHRY- £ GAME ST HosC BRETES PP Yy PArigliomphtae fluorescent
wavel enginidldRctadedinGembr ¥ readfih E%Wﬂﬂﬂhﬁélgo?ﬁéﬁﬁﬁﬁ&y glfstlﬁe

Wavel engt hs of 525, 550, and 575 nmare illustrate igure
gener alflupresserd signalscroduded biidhgreaetinns egewring fin theaunber cirleadipechambers is

Wavel t.h f. 4 501 51 illustrated in fi 6,. ..
gener At oo atperpPasend s TRy Bisresons Her@hg s e, <k prcifion
Wagel engldess fllobka bytReection darfiofalyi@ispbthk ubfdsé ek 8Gnhlns 300h@Uh Sinfe

general |y assqciated with the red region of the optical spectrum
Fi gur e I gn @yiiallpeale @ne of ordirary sliidl igyhe ahwonlduseqsmizednany Varigtions, 2A,

modifications, and alternatives.
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[0170] Fi gure 12 is a diagramillustrating field curvature and

di stortiqQp ptical 10 system provided according to an
enmbodi rreq?’o ?5{1%86 resent invention. Field curvature i SPFFWQOP@%‘E@

f f 0.5 d 0.575 | d
the 1 o3P TR dhepinbfs sRlbis Rl aHan Provhsts MM RiRrbRt ot Haget
with neDNAglahhandjsfafbwmtw?g;ga%%@@ t{vb%lﬂg@ﬁﬁ&éb'ﬁd%}‘iﬁ{e?é’ a&&amaaewu%

scale of 0.05%as illus 171] Figure 13 is a di agram
i |l ust rﬁ?ﬁhﬁwlﬁ@élﬁdﬁTﬁﬁvér@ﬁQ@mbW@mmﬂ magresiyo:. o@n@@a};S@ybl:e& thy sdaetion is

. chr Baee o BRI R b Bt P B ERecks MERGRE 1 it Lot

wavel engidpetatunes Groasying heowiy of 8mg! Mhisweeies of eipefnird ahd Be@didiments is
covers the wavel ength range from 480 nmto 650 nmAs illustrated, the

maxi murdcfFEed to apope cyds efsamghfi%&wa7@20}pcyﬁ1%ﬁhaoneh@alh1 doubles thermountiof ed
200 | Sl B9800 LB Tt USSR B
anal ysilsy mfactdre)f shotteme pﬂmdsmd}ﬁﬂmgclegdﬂer fatioy of motaities amillﬁindﬁ hahdtRfof

of the 0 izes at_th. 100 efocus, |In general, the size of
The. dorBtS ol St Pplirionsdt Bk ‘E’tcb?chHE FPagtpesal Sndgieg data Rowus ety

't 0 @Thogeagn so@fheto@@eIW%éﬁésloen;?g $ife-pef 25& ?Angf}gﬁ&gtséé‘ona?&{dmxﬁéw

is correcte through t he use i scussed above.

In alt errbodl Ci aI ass t ed to

Lot v BB i SR BE R SREE Bascht BN Botord FesBb Gt and Sms Provided
I ncr easipderibsdimenrPpatiethrb@neivehtic AsHitdty Risde ca{aﬂﬁg ﬁﬂocgésgé*!hﬁﬁaré‘l 16
are spot diagranms for selected wavel engths produced using a

enbodi ngiforaed ihe pradetsanined digeapariod. Merely hytmy @ﬁ ex@miphe, ihan emg@;hmenﬁ of

figure Len green r.
opt cal PEpE B int B5h AL o RO S5 BV, Predneh ¥ e
at 1an dptluded capacing andmiake ofla sgnialRptsrodseodidied ﬁ/ﬂﬁ'fat WHagtg¥ @&mdkkd number
|IIustr%tq% n f| ure 4- 16 the lens system illustrated in figure
2A was thpmber of |ﬂ@}ﬁ g5 dgige yEng AR impasdetnolig spasiabeizion dirag adime
+100 p. 1i1]
5005 § e ofRhO0S oBOind 8 vk ondt %e@%qgnééﬁl%ﬁ?aégs‘? of the spgtiglregion is
sane mmubktant@lh/sﬁwﬁmm@ stitchéng areldprocamfing precesst i cal spectrum are
considered. [0173] Figures 17-19 are spot diagrans for selected
wavel englds PERBYERENHSHItHE ?&s&m@&unﬁsﬂ brifidd Mr&&}eéﬁ%e ﬁ%&é&'%ﬂﬁmgés
illustrated in the | egend o ure 17, “spot diagranms 5

wavél erv@ph@e,urﬁng!mﬁnnulenm@g¢mdcb¢ 1 mbigutep i sethe slpb@dlmstms( ﬂme ;Eraﬁm ,forand

516
gener o BRER et iellek el e RO & IR R B e S5 B pfReiald

syst emith t]ﬁ:t;rr@éeegbs iperfbirged & tBBchisbdié bf thg @t erofiuilié 88vides tiend BaRk For
spot di.agrans cal cyul ated at +100 gm of defocus and -100 um of

def ocudmage syRere Wil xary.| Forrexgmples ingn embodiment, fie typpfamg el @mgt Himen

t he bl r I l .10

illust ?gjtoe 92@6%1%3?6;&1138%41?% ot S%lgnc(% @rgtﬁr%m%%ﬁﬁ%%% tlnr]ﬁ%f('rgenas I'ng
ou2§i desetdrgls,1Decondd 6 sedvmds, lisrsetdraisf 2@saconds, B@i@c@hdfﬂ@&é@ﬁd%@ﬂ%@c@{d@
spot di aar ans for.sel ec ed vva el en igiﬁ roduced usi ng an. enbodi nent
of the Brdete | et}é@e g d.wtbﬁeaqheg@ﬁam&mﬁwure 20,
spot di agrans for vvavel engths in the red region of the optical

spect r {16 16ln HBE, enshrdli® &6 s rthejmagescaptuow pebeess ISperfdrmetie a syisdhesnoat

' 11 g BchS5oRE A ik oL I IERRRFY Gt ol Bbmbar odesngfis As

uti i zegtamplegif @exdipdad PER ﬁfo@eﬁpﬂfé nStcRIRATE ds@&&fd lgdigdinRl at400 ! _tm

of defocus and -100 p. mof defocus, respectively. In figures 21 and
2230 hdemperatumeEd %G 4 time period ofd Srasgonsts. Sﬁbsengemm theahicsysbudic deavice

are co %lnqgtﬁged thJ tg&l%g]atdrg ofBo aé 51 te'cgﬁadse rﬁo ea ng and ool gé Q&Ie 18

repeated at a one minute cycle period for a number of cycles. Utilizing embodiments of the
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30 range of wavelengths illustrated in the figures are general |y
grouped i nbo 6_2]§ee wavel engt h bands: green, blue, and red
wavel engti¥ 2 b@étl vel y. \avel engt hs of 525, 550, andpgT@Sﬁ?ﬁSQF‘ESO

illustrated,in fj.gure 23, r al. associ ed V\nththegeenr
of the Bveveblidinass o SR Rt el oS U ragicioiin s
of 486, i&Rd araREqBAA srﬁcﬂnaﬁcﬁssly wﬁbﬂ@é&ﬁm&rsfdrgﬁfaﬁﬁ%ﬂed &eﬂ‘ﬁﬁﬁalnhy

associated with the blue_ region of the optical spectrum Wvelengths
of 621, teBPperatg e ‘éslftlw‘ép@mqﬂ Jor eaangple; mtvio- gun@smal Igeage pfifuh yntire

associ I I i.cal ectru ure. 2

cal cul :{ﬂ%% c#lp:a(i gcr?s %’y%ie %(g‘ét lzéﬁg? ﬁg ecc\nfl P?é‘f Iﬁ’ﬁfogl "

figure dsbidesis Qﬁiumiﬂnaﬂ ertht wmperﬁhﬁﬂ&" Y51 aDhdESRd] Bithé Eﬁtwﬂl |ab%k%b1"a€ﬂtﬁ§|

in figure 2B, ang lb re 25 1s calculated for a |l ens system based on
4 Yﬁ‘ﬁd?f

that i|bRefispraw BSCREINY PRIION7G VEETaStRr 6QANRELZNT SH wqfeﬁxs*ein which
ener gy

ivent | e 2 Shater ARt pRIBO R £TRL s K Gledbh e Rl BREGI: device
ener gy ars apyuitedeutionso andges of clemteks ineschabd potidh e 1 olovidi@igheqiddeirt) of
(in mc ons f.or ri.ous positions using the lens 10 system

illustr Oﬂu?qlﬁa‘?‘ﬁceZA As an exanple, for a position 14.8 nm from

t he center about 80% of the energy enclosed at about 7.5 finl from

t helCcent0AB7ld, Imptberembddiments positipl oimages dlrermqtﬁir&u}nﬁt}md&imniecd mahbartof

1 gur o< LB e B Bl 1o Tl s Sitog AT RIS BRI T Rt
i s per fratGhplk insdgogadsashted ﬁﬁlt%»!@ﬂ@cf HBrésFﬁI)ac@h%ﬁh b'i')ﬁﬁlcuﬁ'rgur es

27 and 28 are ensquared energy 15diagrans for the | ens systens

i || ust readimgat Tyyingshe 60 sergngd emerméd@mg w@lch the tiersdluidigdedes isas
011 9UbSintnod s ld @AbEARE 51 60SC IRE cohleblfthe Irhade8 uffi A6 WTRLRE 8750

t hat t he exanp es an ment s’ erel
i | 11dst rsatonde qmylpmaqauemfcy tied diffdént Whaior b rd¥Pibr bk aapleoRex ™7 Vedfarges
inlig WI|| be suggested to persons skilled in the art and
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25  adapted to perform and analyze chemiluminescence processes. In some of these processes,

reactions occur on a first time scale and an image of the chemiluminescence process is
acquired on a second time scale. In a particular process, the second time scale is less than the
first time scale. Thus, embodiments of the present invention are adapted to capture
synchronous images of chemiluminescence processes when the samples in the reaction

30  chambers of interest have been reacting for an equal amount of time. In some of these
processes, temperature control, including temperature cycling of the samples is provided,
whereas in other embodiments, the reaction chambers are maintained at a constant

temperature.
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one chanber of at |east ‘one mcrofl U}vﬁl C device a
pat h cothsiseepierrtaye2Otis ilbstated reonshdinivesipntheeelimetdienahsarhflaatragnae

' h hanber . si bei h terized b
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8t r ans niridrbfigidid eeviits ubfizémihnftodRhARE 6the PREsER i RFerBibANR a%mg%?g@dcﬁbﬁd
with the 9 chanber through an optical [ens systemcoupled to the

i malyl ngChaarbers gieiled sompainigstipe shanmglsextenddyiottherplane atthpfiedret Theeduce

a size gtykhe o?ﬁ&e""rﬁlcr@fﬂﬁ&iicadlewqgﬁgaﬁhﬁg thPreBotfiE! Gallbag it St cterized bya
depth in a third dimension. The microfluidic device 205 is supported by carrier 207, which,
in turn, is supported by carrier supports 208. The microfluidic device or chip bottom layer
209, which in some embodiments is compliant, is coupled to the carrier 207 as well as the

20  Integrated Heat Spreader (IHS) 241. Thermal platen 243 is illustrated in figare 1C and

described more fully below. In some embodiments, a hard contact between the microfluidic
device and the IHS/platen is provided. Moreover, as described in more detail below, vacuum
techniques are utilized in some embodiments to position and hold the microfluidic device

with respect to the carrier.

25 [0111] Generally, the devices are placed on a thermal cycling plate to thermal cycle the
device. A variety of such plates are readily available from commercial sources, including for
example the ThermoHybaid Px2 (Franklin, MA), MJ Research PTC-200 (South San
Francisco, CA), Eppendorf Part# E5331 (Westbury, NY), Techne Part# 205330 (Princeton,
ND).

30 [0112] Insome embodiments, the microfluidic device is contacted with a thermal control
device such that the thermal control device is in thermal communication with the thermal

control source so that a temperature of the reaction in at least one of the reaction chamber is
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19. The nethod of claim8 wherein the reduced size of the actual
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system
y 15 {0114] The array device may be contacted with the thermal control device by employment

of one or more mechanical or electromechanical positioning devices. Carrying out of the
method may be antomatically controlled and monitored. For example, such automatic control
and monitoring may be performed with an antomatic control system in operable
communication with a robotic control system for introducing and removing the array device

20  from the thermal control device. The progress of the reactions may also be monitored.

[0115] A unit may be provided comprising the thermal control device. A system may be
provided comprising the array device and the thermal control device. To ensure the accuracy
of thermal cycling steps, in certain devices it is useful to incorporate sensors detecting
temperature at various regions of the device. One structure for detecting temperature is a

25  thermocouple. Such a thermocouple could be created as thin film wires patterned on the
underlying substrate material, or as wires incorporated directly into the microfabricated

elastomer material itself,

[0116] Temperature can also be sensed through a change in electrical resistance. For

example, change in resistance of a thermistor fabricated on an underlying semiconductor
30  substrate utilizing conventional techniques can be calibrated to a given temperature change.

Alternatively, a thermistor could be inserted directly into the microfabricated elastomer

material. Still another approach to detection of temperature by resistance is described in Wu
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[0118] Another approach to detecting temperature is through the use of an infrared camera.

15  Aninfrared camera in conjunction with a microscope could be utilized to determine the
temperature profile of the entire amplification structure. Permeability of the elastomer
material to radiation of appropriate wavelengths (e.g. thermal, infrared, and the like) would

facilitate this analysis.

[0119] Yet another approach to temperature detection is through the use of pyroelectric
20  sensors. Specifically, some crystalline materials, particularly those materials also exhibiting
piezoelectric behavior, exhibit the pyroelectric effect. This effect describes the phenomena
by which the polarization of the material’s crystal lattice, and hence the voltage across the
material, is highly dependent upon temperature. Such materials could be incorporated onto
the substrate or elastomer and utilized to detect temperature. Other electrical phenomena,
25  such as capacitance and inductance, can be exploited to detect temperature in accordance
with embodiments of the present invention. One of ordinary skill in the art would recognize

many variations, modifications, and alternatives.

[0120] Imaging system 200 operates, in one ernbodiment, in the following manner. First,

microfluidic device 205 is securely placed on carrier 207. Based on a fixed feature of the
30 microfluidic device 205, for example, an edge of the base support of microfluidic device,

computer 270 then causes and x,y drive (not shown) to move the carrier 207 to align the

microfluidic device in a first x,y position. In some embodiments, one or more fiducial
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15 [0122] A fluorescent, chemiluminescent, or optical signal emitted by the chemical
processes occurring in the reaction chambers of the microfluidic device is collected by a first
lens system 210. In some embodiments of the present invention, the first lens system is a
multi-element optical train including one or more lenses and one or more apertures. As
illustrated in figure 2A, first lens system 210 includes single lens elements as well as

20  doublets, and the like. The optical properties of the first lens system 210 including focal
length, f/#, and the like are selecfed to provide desired optical performance. One of ordinary
skill in the art would recognize many variations, modifications, and alternatives. An
emission shutter 215 is illustrated in figure 1A to provide for blocking of light rays
propagating more than a predetermined distance from the optical axis, although this is not

25  required by the present invention.

[0123] Referring once again to figure 1A, an optical filter device 213 is provided as part of
the optical assembly. In some embodiments, the optical filter device is a filter wheel 213
comprising a number of optical elements adapted for passing and optically processing
fluorescent or chemiluminescent emissions produced by fluorescently or chemiluminescently

30  labeled reagents. As an example, in an embodiment, a first section of the emission filter
wheel is adapted to pass fluorescent emissions produced by a first fluorescent dye, for

example, Cy™3 Fluor, available from Amersham Biosciences, part of GE Healthcare of
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claim 36 wherein capturing the i mage o region occurs
is a tiprevidedhelowt | ess than 30 seconds. 39.The nethod of claim 36
wherein capturing the image of the spatial 2 region occurs is a tine
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15 with respect to the optic axis. As will be evident to one of skill in the art, spectral filters (e.g.,

interference filters) placed in regions with small incident ray angle are simpler to design and
can potentially provide narrower total spectral bandwidth, through such narrow speciral
bandwidth characteristics and/or filter positioning are required by the present invention. As
illustrated in figure 1A, both the optical filter device and the emission shutter are coupled to

20  computer 270, providing for computer control of these elements. Moreover as will be evident
to one of skill in the art, multiple, and possibly multiple identical filters, may be provided in
the optical path to increase the blockage of excitation wavelengths. In some embodiments
these filters are angled with respect to the optic axis so that light rays reflected off of the
filters walk out of the optical path.

25 [0125] In other embodiments, certain intercalation dyes that have dramatic fluorescent
enhancement upon binding to double-stranded DNA, and/or show strong chemical affinity for
double-stranded DNA, can be used to detect double-stranded amplified DNA. Examples of
snitable dyes include, but are not limited to, SYBR™ and Pico Green (from Molecular
Probes, Inc. of Eugene, OR), ethidium bromide, propidium iodide, chromomycin, acridine

30 orange, Hoechst 33258, Toto-1, Yoyo-1, and DAPI (4°,6-diamidino-2-phenylindole
hydrochloride). Additional discussion regarding the use of intercalation dyes is provided by
Zhu et al., Anal. Chem. 66:1941-1948 (1994), which is incorporated by reference in its

entirety.
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15  molecnles that emit chemiluminescence, electrochemically active molecules, enzymes,

cofactors, enzymes linked to nucleic acid probes and enzyme substrates.

[0128] Illustrative detection methodologies suitable for use with the present microfluidic
devices include, but are not limited to, light scattering, multichannel fluorescence detection,
UV and visible wavelength absorption, luminescence, differential reflectivity, and confocal
20  laser scanning. Additional detection methods that can be used in certain application include
scintillation proximity assay techniques, radiochemical detection, fluorescence polarization
anisotropy, fluorescence lifetime, fluorescence correlation spectroscopy (FCS), time-resolved
energy transfer (TRET), fluorescence resonance energy transfer (FRET) and variations such
as bioluminescence resonance energy transfer (BRET). Additional detection options include

25  electrical resistance, resistivity, impedance, and voltage sensing.

[0129] In some embodiments, detection occurs at a "detection section," or "detection

region.”" These terms and other related terms refer to the portion of the microfluidic device at

which detection occurs. In some microfluidic devices, the detection section is generally the

reaction chambers present in the microfluidic device. The detection section for other devices
30 may be within regions of flow channels that are adjacent an intersection, the intersection

itself, or a region that encompasses the intersection and a surrounding region.
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to & photomuliiplier tubes can also be utilized. Additionally, optical systems that have the
capability of collecting signals from all the different detection sections simultaneously while

determining the signal from each section can be utilized.

[0132] External detectors are usable because the devices that are provided are completely
or largely manufactured of materials that are optically transparent at the wavelength being
20 monitored. This feature enables the devices described herein to utilize a number of optical

detection systems that are not possible with conventional silicon-based microfluidic devices.

[0133] A particular embodiment of the present invention utilizes a detector in the form of a
CCD camera and an optical path that provides for a large field of view and a high numerical
aperture to maximize the amount of light collected from each reaction chamber, thereby

25  increasing detection sensitivity. In this embodiment, the CCD is used as an array of
photodetectors wherein each pixel or group of pixels corresponds to a reaction chamber
rather than being used to produce an image of the array. Thus, the optics may be designed or
altered such that image guality is reduced or the image is blurred at the detector in order to
increase the useable depth of field of the optical system to collect more light from each

30  reaction chamber. Particularly because the assays contemplated in some embodiments of the
present invention include biological assays using fluorescent dyes, which dyes photobleach

due to exposure to excitation light hence limiting the total number of signal photons
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[0134] In some embodiments, larger object-side NAs result in reduced object-side depth-

of-focus, and hence larger blurring at the detector (assuming blur due to depth of focus

15  greater than or equal to blur due to lens aberrations and other issues) for a given depth of
reaction chamber in the sample, limiting the allowable minimum spacing between reaction
chambers at the sample if low crosstalk in signal between chambers is to be achieved. In
conjunction with a 1:1 optical system, this object-side NA consideration is in good keeping
with the ~ 0.5 NA maximum generally desirable NA onto a CCD (or silicon detector) if one

20 15 to avoid reflection losses at the surface thereof. The 1:1 imaging lens system is
furthermore inherently free of most odd-order aberrations, increasing the advantage of this
particular magnification (M = 1). The use of a 1:1 optical system with a detector as large or
larger than the microfluidic system to be imaged is thus provided by some embodiments of

the present invention as a design for the detailed system.

25 [0135] In other embodiments, there may be a cost constraint related to the size of the
detector (e.g. a CCD focal-plane array). For example, some current high quantum-efficiency,
full-frame CCD arrays have dimensions of 27.6 mm x 27.6 mm. This detector is slightly
smaller than a microfluidic device with dimensions of 30.7 mm x 30.7 mm, resulting in a
system magnification of 0.88 as a design for the system described. Being near system

30 magnification M = 1, constraints rélated to the detector (image-side) incident NA described

above are satisfied for such a magnification.
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wherein the plurality of processing sites are
the user of a lower object-side NA. Use of a lower NA lens system allows for greater depth

15  of focus and hence light collection from a chambers extended parallel to the optic axis
without generally incurring inordinate crosstalk in the optical signal between adjacent or
nearby chambers. In this way, a greater density of chambers in the X-Y plane (the place
perpendicular to the optic axis) may be used without inordinate crosstalk, while the total
chamber volume may be kept large by extension of the chambers in Z (parallel to the optic

20  axis). Inthis case, or other cases where a lower object-side NA is acceptable (e.g., cases
where a larger XY spacing of reaction chambers allows for more chamber-image blur at the
detector without undue crosstalk; in non-light-limited applications, where higher NA is not
essential; where there is sufficient sample that photobleaching is not an issue; non-
photobleaching samples, circumstances such as lower acceptable system sensitivity), a lower

25  system magnification (M < 1) may be suitable, particularly if M = NA/0.5, or more
preferably M > NA/0.36, where NA, = object side NA, or more generally M = NA /NA g
where NAg. = maximum NA allowable onto the detector face without overlarge
reflection/insertion losses to the detector (NAge = 0.36 to 0.5 for a typical CCD).

[0137] In cases where object-side depth-of-focus and/or blur requirements do not

30  necessitate an object-side NA < 0.36, or possibly 0.5, or more generally NA, < NAgg, a larger
detector is desirable since due to Etendue considerations (as discussed above), since a larger
M (generally requiring a larger detector for a given sample size) will allow a smaller NA;

(image-side NA) for a given NA,. Hence where light-collection requirements (e.g. to achieve
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Thus, the opfics may be altered such that image quality is reduced or defocused to increase

15 the depth of field of the optical system to collect more light from each reaction chamber. In
some embodiments, it is useful to employ high aspect ratio, or columnar chambers, to
concenfrate the sample to be interrogated by the detector along the optical axis of the optical
system, and preferably by defocussing the image to increase the depth of field. Use of a low
NA lens system, preferably a bilaterally symmetrical lens system is used. It is also useful to

20  use a detector device, for example, one or more CCD devices, having a size of ,or larger than,
the area of the microfluidic device to be imaged. Used in conjunction with the low NA

optics, improved detection sensitivity can be realized.

[0139] A detector system can include a light source for stimulating a reporter that generates
a detectable signal. The type of light source utilized depends in part on the nature of the

25  reporter being activated. Suitable light sources include, but are not limited to, lasers, laser
diodes, white light sources, and high intensity lamps. If a laser is utilized, the laser can be
utilized to scan across a set of detection sections or a single detection section. Laser diodes
can be microfabricated into the microfluidic device itself. Alternatively, laser diodes can be
fabricated into another device that is placed adjacent to the microfluidic device being utilized

30 to conduct a thermal cycling reaction such that the laser light from the diode is directed into

the detection section.
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5 [0141} Certain intercalation dyes that that have dramatic fluorescent enhancement upon

binding to double-stranded DNA, and/or show strong chemical affinity for double-stranded

" DNA, can be used to detect double-stranded amplified DNA. Examples of suitable dyes
include, but are not limited to, SYBR™ and Pico Green {from Molecular Probes, Inc. of
Eugene, OR), ethidium bromide, propidium iodide, chromomycin, acridine orange, Hoechst

10 33258, Toto-1, Yoyo-1, and DAPI (4°,6-diamidino-2-phenylindole hydrochloride).

Additional discussion regarding the use of intercalation dyes is provided by Zhu et al., 4nal.
Chem. 66:1941-1948 (1994), which is incorporated by reference in its entirety.

[0142] Asillustrated in figure 1A, some embodiments of the present invention provide a
1:1 imaging system adapted to generate and detect fluorescent, chemiluminescent,

15  bioluminescent, and other signals from the microfluidic device. A 1:1 imaging system is
provided in some embodiments that utilizes an image detection device as large as the sample
to be imaged. By providing 1:1 imaging of a large field of view, on the order of several cm?,
embodiments of the present invention provide increased numerical aperture (NA) optical
systems. Because light collection efficiency is approximately proportional to NA®, the

20  increase in NA provided by some embodiments of the present invention enable the collection
of suitable fluorescent signals from reaction chambers comprising reaction volumes on the
order of one to tens of nanoliters and active fluorophore concentrations on the order of 1.0
nanoMolar. In other embodiments, active fluorophore concentrations in picoMolar ranges

provide suitable fluorescent signals.

25 [0143] Additionally, embodiments of the present invention provide for imaging systems
that are slightly reducing, forming, for example, an image that ranges from about the same
size as the object to about half the object size. For example, in an embodiment, an image of a
spatial region of a microfluidic device is transmitted and captured, the spatial region being
associated with more than 96 chambers. An image detecting device is used to capture the

30  image of the spatial region using an ililage detection spatial region that is about equal to or
slightly less in size than the spatjal region of the microfluidic device. Merely by way of

example, the ratio of the area of the spatial region of the microfluidic device to the area of the
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image of the spatial region can be 1:1, 1:0.99, 1:0.95, 1:0.9, 1:0.88, 1:0.85, 1:0.8. 1:0.7, 1:0.6,
and 1:0.5. In some embodiments, the ratio is less than 1:0.5. These particular ratios are
merely exemplary, as the ratio selected for the imaging system will depend on the particular

application.

[0144] In some embodiments, the optical imaging system includes a field of view of about
3 cm x 3 cm. In other embodiments, the optical imaging system includes a field of view that
ranges from about 1 cm x 1 cm to about 5 cm x 5 cm. In particular embodiments, an object
field of view of 2em x 2 cm, 2.5 cm x 2.5 ¢m, 2.76 cm x 2.76 cm, 3.07 em x 3.07 cm, 3.5 ¢m
x 3.5 cm, and 4 cm x 4 cm, is provided. In general, the field of view of the optical imaging
system is selected to correspond to the spatial region of the microfluidic device, for example,

an area including a number of reaction chambers of interest.

[0145] Moreover, embodiments of the present invention provide optical imaging systems
with a range of numerical apertures. As an example, an NA ranging from 0.1 to 0.5 is
provided according to various embodiments. In a particular embodiment, NAs of 0.15, 0.18,
0.2,0.23, 0.25, 0.3, 0.36, and 0.4 are provided.

[0146] The spatial resolution of the optical imaging system will generally be a function of
the size of the pixels in the image detecting device. In some embodiments of the present
invention, the magnification (equal to one for some embodiments) and the size of the pixels
present in the detector will determine the number of pixels associated with each reaction
chamber. Generally, it is preferable to have multiple detector pixels associated with each
reaction chamber. For example, if a reaction chamber is 45 pm on a side, up to nine square
pixels having a side dimension equal to 15 pm will overlap with the reaction chamber in the
1:1 imaging system. Thus, according to embodiments of the present invention, the number of
pixels associated with each reaction chamber ranges from 1 to 100. For example, 4 pixel
regions, 9 pixel regions, 16 pixel regions, 25 pixel regions, 36 pixel regions, 49 pixel regions,
64 pixel regions, and 81 pixel regions are associated with each reaction chamber according to

some embodiments of the present invention.

[0147] In embodiments of the present invention, a range of pixel sizes from 1 pm? to 900
um? are utilized. For example, square pixels 1 ym on a side, 2 pm on a side, 3 um on a side,
4 pm on a side, 5 pm on a side, 10 pm on a side, 13.5 um on a side, 15 pm on a side, 20 pm
on a side, 25 pm on a side, and 30 pm on a side are utilized in various embodiments of the

present invention. As will be evident to one of skill in the art, the pixel size, the detector
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array dimensions, and the number of pixels per array are related. In alternative embodiments,

rectangular pixels with pixel areas ranging from 1 pm? to 900 pm? are utilized.

[0148] Moreover, detector arrays, also referred to as image detecting devices, including a
range of pixel counts are utilized according to various embodiments of the present invention.
Array dimensions range from 512 x 512 pixel regions to 3, 000 x 3, 000 pixel regions.
Depending on the availaBility of detector arrays, greater numbers of pixels per array may be
provided in some embodiments. In particular embodiments, array dimensions of 1,024 x

1,024 pixel regions and 2,048 by 2,048 pixel regions are utilized.

[0149] Embodiments of the present invention provide an optical imaging system
characterized by several system parameters. For example, a working distance of greater than
35 mm, for instance, 45.92 mm is available through embodiments of the present invention.
In another embodiment, a Root-Mean-Square (RMS) spot diameter averaging 13.44 um with
a maximum value of 17.85 pm is provided. Moreover, through embodiments of the present
invention, an illumination variation of about + 5% is achieved. In some embodiments, the
overall length of the optical imaging system is 542.1 mm with a maximum filter AOJI of
12.56 degrees, a maximum beam diameter at the filter of 76 mm, a distortion of < 0.10 %,

and a maximum lens diameter of 5.512 inches.

[0150] Figure 1B is a simplified diagram for an imaging system according to an
embodiment of the present invention. In some embodiments, the imaging system illustrated
in figure 1B is utilized for imaging of microfluidic devices including devices adapted to
perform protein crystallization processes. Additional details regarding imaging systems as
illustrated in figure 1B and associated microfluidic devices are found in co-pending and
commonly owned U.S. Patent Application No. 10/902,494, filed July 28, 2004 and U.S.
Patent Application No. 10/851,777, filed May 20, 2004, the disclosures of which are
incorporated by reference herein for all purposes. In particular, additional details regarding
microfluidic devices provided according to embodiments of the present invention and their
use in conjunction with the imaging system as shown in figure 1B are found therein. These
diagrams are merely examples, which should not unduly limit the scope of the claims herein.
One of ordinary skill in the art would recognize many variations, alternatives, and

modifications.

[0151] Imaging system (10) operates, in one embodiment, in the following manner. First,

microfividic device (30) is securely placed on stage (20). Based on a fixed feature of the
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" microfluidic device (30), for example, an edge of the base support of microfluidic device

(30), computer (110) then causes x,y drive (25) to move stage (20) about to align microfluidic

device (30) in a first x,y position with a first of a plurality of fiducial markings, wherein the

fiducial markings are embedded within the microfluidic device at a known z dimension

5  distance from a chamber center point, comes into focus by imaging device (60) based on dead

reckoning from the fixed feature. A user of the system then registers the precise coordinate
of the fiducial with the imaging system. Two or more additional fiducial marks are then
likewise mapped with the assistance of a user. In other embodiments, this process is
automatic as the centroids of the fiducials can be calculated precisely by locating the

10 symmetric XY fiducial object and removing any non-symmetric components. Imaging
device (60}, under the control of computer (110) then adjusts the z dimension location of
focal plane (100) to focus upon the fiducial marking. For example, once focused upon the
first fiducial marking, the imaging systein then obtains a first x,y coordinate image of
microfluidic device (30) looking for additional fiducial markings within the field of view of

15  imaging device (60). In preferred embodiments, the field of view can embrace an entire
metering cell. The computer then analyzes the first x,y coordinate image to determine
whether the microfluidic device has skew and stretch, and if skew or stretch are determined,
transforms the first x,y image to align the image and coordinate map of the microfluidic
device to an idealized coordinate map. The idealized coordinate map is used later during

20 image subtraction and masking steps.

[0152] In preferred embodiments, with the microfluidic device X,y coordinate image
aligned against the ideal coordinate map, the system then determines whether the stretch,
distortion or lack of co-registration between the various microfluidic layers is present in the
microfluidic device by comparing the location of the fiducial markings in the x,y coordinate
25  image with the fiducial markings locations in the x,y coordinate image of the ideal stored
image map. If differences are present between the actual fiducial locations and the imaged
fiducial locations, a matrix transformation, preferably an Affine transformation, is performed
to transform the imaged shape of the metering cell into a virtual shape of the ideal metering
cell shape. By converting the actual image to a known and fixed ideal image using the matrix
30 transformation computed from the differences between the measured actual fiducial locations
and the stored ideal fiducial locations, image subtraction and other jmage analysis are made

possible
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[0153) By computing the differences between the coordinate maps through matrix analysis,
a matrix transformation may be developed to reform the actval image into an ideal image for
use in further image processing described herein. By causing the imaged microfluidic device
to conform to a standard shape, image subtraction and masking is possible to maximize the
viewable area of a metering cell chamber. Moreover, if defects or debris are present within
the chamber at time zero in a series of time based images, such defects or debris can be
masked out of subsequent images to avoid false signals when applying automated analysis.
In addition to masking off areas of the chambers which contain defects or debris, the walls of
the chambers may be subtracted from subsequent images, again so as to not cause false
readings in the subsequent analysis. The discrepancy between various layers, such as
between the control layer and the channel layer, can also be calculated based on the position
of a found object in the control layer, such as the conirol] lines themselves. In another
example, this correction is determined based on the control layer fiducials themselves. For
certain embodiments, this exira transformation is important since the control layer partitions

the protein chamber from the rest of the control line.

[0154] Figures 2A-2C are simplified schematic diagrams illustrating a lens assembly
according to an embodiment of the present invention. As illustrated in figures 2A-2C,
microfluidic device 205 is provided in each of the figures. Although the thermal controller
and other system elements are not illustrated in figures 2A-2C, one of skill in the art will
appreciate the relationship between the two figures. Accordingly, where appropriate,
reference numbers have been carried over from figure 1A to further clarify the relationship

between the various figures.

[0155] First lens system 210 is illustrated in figure 2A as including a first aperture 211. As
illustrated, the first aperture is positioned between individual lens elements, however, this is
not required by the present invention. In other optical designs, the position, size, and other
characteristics of the first aperture are selected to achieve predetermined optical design goals.
Second lens system 212 is also illustrated in figure 24, including a second aperture 213. As
discussed in relation to first lens system 210, the optical elements are arranged in accordance

with the predetermined optical design goals.

[0156] Referring to figures 1A and 2A-2C, additional details regarding the optical filter
device are illustrated. In general, lens systems 210 and 212, along with the optical filter

device 213 are provided in a portion of the imaging path. In some embodiments the imaging
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path is an emission path provided for transmission of one or more fluorescent emission
signals from the microfluidic device to that detector. As described more fully below, the
optical filter device is adapted to pass a selected spectral bandwidth from the one or more
fluorescent emission signals and is adapted to process one or more chromatic aberrations
associated with the one or more fluorescent emission signals to a determined level. In some
embodiments processing the one or more chromatic aberrations includes reducing such

aberrations.

[0157] In a particular embodiment, a first spectral filter 214 and a zero-power optical
element 216 are provided as illustrated in figure 2A. Referring to figure 1, the filter/zero-
power element combination is present in the optical path between the microfluidic device and
the detector when the optical filter device 213 (in some embodiments, an emission filter
wheel) is in a first operating position. The optical elements in figure 2A are optimized for the
transmission and focusing of wavelengths at approximately the center of the optical
spectrum. Accordingly, in an embodiment, the spectral filter 214 is centered at a wavelength
of 570 nm, associated with the fluorophore Vic®, available from Applied Biosystems of
Foster City, CA. Additionally, the spectral filter is characterized by a speciral bandwidth of
30 nm. As will be described more fully below, in some embodiments, filter/zero-power
elements adapted to correct for chromatic aberration are also provided that are centered at

other wavelengths, generally at wavelengths shorter and longer than 570 nm.

[0158] As discussed in relation to the speciral filter 244 in figure 1A, the optical filter
device is not limited to the geometry of a wheel. For example, speciral filters, aberration
correcting elements, and combinations thereof, that drop into a filter holder are included in
embodiments of the present invention. Moreover, electro-optic filters as well as filters placed
into the optical path by actuators and the like, combined with aberration correcting elements

are also included according to embodiments of the present invention.

[0159] Figure 2B illustrates the first and second lens systems with the emission filter wheel
in a second operating position. In the embodiment illustrated in figure 2B, the spectral filter
224 is centered at a wavelength of 518 nm (associated with the fluorophore Fam™, available
from Applied Biosystems) and is characterized by a spectral bandwidth of 25 nm. Generally,
the spectral filter 224 is adapted to transmit fluorescent signals associated with fluorophores
emitting at "blue" wavelengths, typically associated with wavelengths near the short

wavelength portion of the optical spectrum.
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[0160] An optical element 226 acting as a zero-power doublet is illustrated in figure 2B. In
some embodiments, the filter/zero-power doublet is provided as a compound optical element,
whereas in other embodiments, the filter and zero power doublet are detached from each
other. Moreover, in some embodiments, the emission filter wheel is rotated to modify the
position of the filter/zero-power optical elements, transitioning from the first operating
position to the second operating position. The zero-power doublet 226 illustrated in figure
2B is designed to correct for chromatic aberration introduced by the optical system at "blue”
wavelengths. In a specific embodiment, the zero-power doublet is selected to correct for
chromatic aberration at the wavelength associated with the emission from a particular

fluorophore, for example, Fam™,

[0161] In some embodiments, the zero-power doublet is fabricated from separate optical
materials with different index of refraction values. Merely by way of example, as illustrated
in figure 2B, a planar-concave lens is coupled to a convex-planar lens. In a specific
embodiment, the zero-power doublet is a Fraunhofer achromat with the optical elements
cemented together. In other embodiments, alternative designs are utilized as will be evident
to one of skill in the art. In some embodiments, buried doublets as illustrated throughout the

specification are utilized to reduce axial chromatic aberration in the blue and red filter bands.

[0162] TFigure 2C illustrates the first and second lens systems with the emission filter wheel
in a third operating position. In the embodiment illustrated in figure 2C, the spectral filter
228 is centered at a wavelength of 645 nm (associated with the fluorophore Rox™, available
from Applied Biosciences) and is characterized by a spectral bandwidth of 75 nm. Generally,
the spectral filter 228 is adapted to transmit fluorescent signals associated with fluorophores
emitting at "red" wavelengths, typically associated with wavelengths near the long

wavelength portion of the optical spectrum.

{0163] Asin figure 2B, an optical element 230 acting as a zero-power doublet is illustrated
in figure 2C. In some embodiments, the filter/zero-power doublet is provided as a compound
optical element, whereas in other embodiments, the filter and zero power doublet are
detached from each other. Moreover, in some embodiments, the emission filter wheel is
rotated to modify the position of the filter/zero-power optical elements, transitioning from the
first or second operating positions to the third operating position. The zero-power doublet
230 illustrated in figure 2C is designed to correct for chromatic aberration introduced by the

optical system at "red" wavelengths. In a specific embodiment, the zero-power doublet is
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selected to correct for chromatic aberration at the wavelength associated with the emission
from a particular fluorophore, for example, Rox™. Comparing figures 2B and 2C, the zero-
power doublet illustrated in figure 2C comprises a planar-convex lens coupled to a concave-

planar lens.

[0164] As discussed in relation to figures 24, 2B, and 2C, the corrective optical elements
216, 226, and 230 associated with their respective filters are designed such that they help
correct chromatic aberration at the wavelengths passed by said respective filters. This design
allows for more uniform and consistent spot sizes, blur, and other optical characteristics of
the lens system across different filters which pass different wavelength regions. These
benefits are useful for applications such as that described where tight packing of the reaction
chambers in the microfluidic device is utilized. Additionally, design goals for allowable
crosstalk between optical signals from different reaction chambers generally places limits on
the maximum spot or blur sizes allowed at the image plane. Aberration correction optics
reduce the blur or spot size at one wavelength extreme (e.g. a filter passing in the blue
wavelength region) and also reduce the blur or spot size at a different wavelength region (e.g.
for a filter with a passband in the red wavelength region). This benefit is useful in cases
where the overall measurement is a ratiometric one, depending on separate signals detected
in, e.g., both the red and blue wavelength regions, thereby improving the sensitivity of the
entire assay. The discussion provided above has pertained to specific embodiments, but one
of skill in the art will understand that there are many variations of corrective zero-power
optics which may be similarly placed in the optical train in conjunction with filters of

different wavelength passbands that are included within the scope of the present invention.

[0165] Figure 3 is a photograph of fluorescent emission centered at a first wavelength
produced by a reaction occurring in a number of reaction chambers present in a microfluidic
device according to an embodiment of the present invention. As illustrated in figure 3, a
number of reaction chambers produce emission at a first wavelength, "Wavelength 1." In the
embodiment of the present invention illustrated in figure 3, a 10 x 16 amray of reaction
chambers are imaged. In some embodiments, the first wavelength is associated with a
fluorophore as discussed previously. As will be evident to one of skill in the art, the intensity
of emission at the first wavelength is a function of the chemical processes occurring in the
reaction chambers. As illustrated, a two-dimensional array of 10 x 16 reaction chambers is
imaged by the optical imaging system provided according to an embodiment of the present

mvention. As discussed previously, the reaction chambers are in fluidic isolation in some
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embodiments of the present invention. Moreover, according to alternative embodiments the
reaction chambers are characterized by volumes on the scale of nanoliters and/or chamber

densities on the order of hundreds of chambers per square centimeter.

[0166] Figure 4 is a photograph of fluorescent emission centered at a second wavelength
produced by a reaction occurring in a number of reaction chambers present in a microfluidic
device according to an embodiment of the present invention. As illustrated in figure 4, a
number of the reaction chambers produce emission at a second wavelength, "Wavelength 2."
Comparing figures 3 and 4, some reaction chambers produce little to no light, while other
reaction chambers produce light at either the first wavelength, the second wavelength, or both
the first and second wavelength. Of course, collection and analysis of the fluorescence
acti*;rity may yield insight into the nature of the chemical processes occurring in the reaction

chambers.

[0167] Figures 5-7 are spot diagrams for selected wavelengths produced using an
embodiment of the present invention. Referring to the legends for the figures, the range of
wavelengths illustrated in the figures are generally grouped into three wavelength bands:
green, blue, and red wavelengths, respectively. Wavelengths of 525, 550, and 575 nm are
illustrated in figure 5, generally associated with the green region of the optical spectrum.
Wavelengths of 486, 501, and 516 nm are illustrated in figure 6, generally associated with the
blue region of the optical spectrum. Wavelengths of 616, 636, and 656 nm are illustrated in
figure 7, generally associated with the red region of the optical spectrum. Figure 5 is
calculated for the lens system illustrated in figure 2A, figure 6 is calculated for the lens
system illustrated in figure 2B, and figure 7 is calculated for the lens system illustrated in
figure 2C.

[0168] TFigure 8 is an illumination diagram illustrating relative uniformity as a function of
position produced using an embodiment of the present invention. In figure 8, the relative
illumination is plotted as a function of the Y field in millimeters for the optical system
illustrated in figure 2A. At a wavelength of 0.550 pm, the relative illumination uniformity

over a distance of 21.4 mm is greater than 90%.

[0169] Figures 9-11 are ensquared energy diagrams for several embodiments according to
the present invention. In some optical systems, a measure of the optical system performance
is the ensquared energy percentage, which is the percent of total energy in a specified central

region. Referring to figure 9, the fraction of the enclosed energy is plotted as a function of
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the half width from the centroid (in microns) for various positions using the lens system
illustrated in figure 2A. As an example, for a position 14.8 mm from the center, about 50%
of the energy is enclosed at about 7.5 pm from the centroid, whereas for a position 21.4 mm
from the center, about 90% of the energy is enclosed at the same distance from the centroid.
In figures 9-11, diffraction is included and generally, the calculation is performed using fast
Fourier transform (FFT) algorithms. Figures 10 and 11 are ensquared energy diagrams for
the lens systems illustrated in figures 2B and 2C, respectively. In these figures, as in figure 9,

diffraction is included.

[0170] Figure 12 is a diagram illustrating field curvature and distortion for an optical
system provided according to an embodiment of the present invention. Field curvature is
illustrated for wavelengths of 0.525 pm, 0.550 pm, and 0.575 pm, as labeled in the figure.
The distortion varies for the illustrated wavelengths, with negligible difference between the

various wavelengths on the scale of 0.05% as illustrated.

[0171] Figure 13 is a diagram illustrating double wavelength versus focus produced by
systems according to an embodiment of the present invention. In the figure, the chromatic
focal shift is illustrated as a function of the wavelength in microns. The wavelength range
plotted in figure 13 covers the wavelength range from 480 nm to 650 nm. As illustrated, the
maximum focal shift range is 214.3702 pm and the diffraction limited range is 4.243 um.,
Referring to figure 13, the colors focus over a 214 pm long span over the indicated range.
Accordingly, an analysis of the system performance, generally includes consideration of the
spot sizes at = 100 um of defocus. In general, the size of the defocused spots will exceed that
of the in-focus spots. According to embodiments of the present invention, axial chromatic
aberration 1s corrected through the use of the buried doublets discussed above. In alternative
embodiments, special glass types are utilized to achieve apochromatic performance

(generally obtained at an increased cost compared to other glass types).

[0172] Figures 14-16 are spot diagrams for selected wavelengths produced using an
embodiment of the present invention. As illustrated in the legend of figure 14, spot diagrams
for wavelengths in the green region of the optical spectrum (525, 550, and 575 nm) are
provided with the system at an optimal focus position. To generate the spot diagrams
illustrated in figures 14-16, the lens system illustrated in figure 2A was utilized. Figures 15
and 16 are spot diagrams calculated at +100 pm of defocus and -100 pm of defocus,
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respéctively. In figures 15 and 16, the same wavelengths in the green region of the optical

spectrum are considered.

[0173] Figures 17-19 are spot diagrams for selected wavelengths produced using an
embodiment of the present invention. As illustrated in the legend of figure 17, spot diagrams
for wavelengths in the blue region of the optical spectrum (486, 501, and 516 nm) are
provided with the system at an optimal focus position. To generate the spot diagrams
illustrated in figures 17-19, the lens system illustrated in figure 2B was utilized. Figures 18
and 19 are spot diagrams calculated at +100 pm of defocus and -100 pm of defocus,
respectively. In figures 18 and 19, the same wavelengths in the blue region of the optical
spectrum are considered. As illustrated in figure 19, field 4 includes rays at 501 nm
extending outside the 100 pm box shown in the figure.

[0174] Figures 20-22 are spot diagrams for selected wavelengths produced using an
embodiment of the present invention. As illustrated in the legend of figure 20, spot diagrams
for wavelengths in the red region of the optical spectrum (616, 636, and 656 nm) are provided
with the system at an optimal focus position. To generate the spot diagrams illustrated in
figures 20-22, the lens system illustrated in figure 2C was utilized. Figures 21 and 22 are
spot diagrams calculated at +100 pm of defocus and -100 um of defocus, respectively. In
figures 21 and 22, the same wavelengths in the red region of the optical spectrum are

considered.

[0175] In an alternative embodiment according to the present invention, another 1:1 optical
relay imaging system is provided including modifications to the optical elements illustrated in
figures 2A to 2C. Although the general optical train is preserved, characteristics of the
particular elements, including the filter/zero-power doublet combination are modified. In this
alternative embodiment, a working distance of greater than 35 mm, for example, 46.12 mm is
provided. Moreover, an RMS spot diameter averaging 11.28 pm with a maximum value of
14.73 um is provided, the overall length of the optical imaging system is 542.2 mm, with a

maximum filter AOI of 12.59 degrees, and a maximum beam diameter at the filter of 76 mm.

[0176] Figures 23-25 are spot diagrams for selected wavelengths produced using an
alternative embodiment of the present invention. Referring to the legends for the figures, the
range of wavelengths illustrated in the figures are generally grouped into three wavelength
bands: green, blue, and red wavelengths, respectively. Wavelengths of 525, 550, and 575 nm

are illustrated in figure 23, generally associated with the green region of the optical spectrum.
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Wavelengths of 486, 501, and 516 nm are illustrated in ﬁgure 24, generally associated with
the blue region of the optical spectrum. Wavelengths of 621, 636, and 651 nm are illustrated
in figure 25, generally associated with the red region of the optical spectrum. Figure 23 is
calculated for a lens system based on that illustrated in figure 2A, figure 24 is calculated for a
lens system based on that illustrated in figure 2B, and figure 25 is calculated for a lens system
based on that illustrated in figure 2C.

[0177] Figures 26-28 are ensquared energy diagrams for several embodiments according to
the present invention. Referring to figure 26, the fraction of the enclosed energy is plotted as
a function of the half width from the centroid (in microns) for various positions using the lens
system illustrated in figure 2A. As an example, for a position 14.8 mm from the center, about
80% of the energy enclosed at about 7.5 pm from the centroid, whereas for a position 21.4
mm from the center, about 90% of the energy enclosed at the same distance from the
centroid. In figures 26-28, diffraction is included and generally, the calculation is performed
using fast Fourier transform (FFT) algorithms. Figures 27 and 28 are ensquared energy
diagrams for the lens systems illustrated in figures 2B and 2C, respectively. In these figures,
as in figure 26, diffraction is included.

[0178] It is also understood that the examples and embodiments described herein are for
illustrative purposes only and that various modifications or changes in light thereof will be
suggested to persons skilled in the art and are to be included within the spirit and purview of

this application and scope of the appended claims.
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WHAT IS CLAIMED IS:

1. An apparatus for imaging one or more selected fluorescence
indications from a microfluidic device, the apparatus comprising:

an imaging path coupled to least one chamber in at least one microfluidic
device, the imaging path providing for transmission of one or more fluorescent emission
signals derived from one or more samples in the at least one chamber of the at least one
microfluidic device, the chamber having a chamber size, the chamber size being
characterized by an actual spatial dimension normal to the imaging path; and

an optical lens system coupled to the imaging path, the optical lens system

being adapted to transmit the one or more fluorescent signals associated with the chamber.

2. The apparatus of claim 1 wherein the optical lens system is adapted to
reduce a size of the actual spatial dimension to a determined level and being adapted to
transmit the one or more fluorescent emission signals associated with the chamber at the

reduced size at the determined level.

3. The apparatus of claim 1 wherein the at least one microfluidic device is
characterized by a microfluidic dimension and the optical lens system is adapted to provide
an image of the at least one microfluidic device that is about a similar size as the microfluidic
dimension and adapted to transmit the one or more fluorescent emission signals associated

with the chamber at the about the similar size.

4. The apparatus of claim 2 wherein the reduced size of the actual spatial

dimension and the actual spatial dimension are characterized by a ratio of less than one.

' 5. The apparatus of claim 4 wherein the ratio is less than 0.9.
6. The apparatus of claim 5 wherein the ratio is less than 0.5.
7. The apparatus of claim 1 wherein the microfluidic device is an

elastomeric microfluidic device and wherein the at least one chamber is a closed reaction

chamber.

8. A method of imaging one or more selected fluorescence indications

from at least one chamber of a microfluidic device, the method comprising;
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transmitting one or more fluorescent emission signals derived from one or
more samples in the at least one chamber of at least one microfluidic device along an imaging
path coupled to the at least one chamber, wherein the at least one chamber has a chamber
size, the chamber size being characterized by an actual spatial dimension normal to the
imaging path; and

transmitting the one or more fluorescent emission signals associated with the
chamber through an optical lens systern coupled to the imaging path, wherein the optical lens

system is adapied to reduce a size of the actual spatial dimension to a determined level.

9. The method of claim 8 wherein the reduced size of the actual spatial

dimension and the actual spatial dimension are characterized by a ratio of less than one.
10. The method of claim 9 wherein the ratio is less than 0.9.
11. The method of claim 10 wherein the ratio is less than 0.5.

12. The method of claim 8 wherein the microfluidic device is an
elastomeric microfluidic device and wherein the at least one chamber is a closed reaction

chamber.

13. A system for imaging one or more indications from one or more
chambers of a microfluidic device, the systemn comprising:

an optical path, the optical path being capable of transmitting one or more
images of a portion of a spatial region of a microfluidic device from the portion of the spatial
region of the microfluidic device, the portion of the spatial region of the microfluidic device
being characterized by a first dimension; ‘

a first lens system coupled to a first portion of the optical path, the first lens
systemn being characterized by a first optical characteristic;

a second lens system coupled to a second portion of the optical path, the
second lens system being characterized by a second optical characteristic; and

a detector device coupled to 2 third portion of the optical path, the detector
device capturing the one or more images of the portion of the spatial region, the detector
being adapted to capture the one or more images, the one or more images having a

determined size at the detector device of about the first dimension or less.
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1 15, The system of claim 13 wherein the first lens system and the second

2 lens system are characterized as a tandem lens system.

1 16.  The system of claim 13 wherein the microfluidic device is
2 characterized by a microftuidic dimension and the detector device is characterized by a

3 spatial dimension for an active region.

17.  The system of claim 16 wherein the microfluidic dimension is about a

2 similar size as the spatial dimension.

1 18.  The system of claim 16 wherein the microfluidic dimension is less than

2 the spatial dimension.

19.  The system of claim 13 wherein the microfluidic device is an

2 elastomeric microfluidic device comprising at least 48 closed reaction chambers.

1 20.  The system of claim 19 wherein the at least 48 closed reaction

chambers are in fluidic isolation from any of the other reaction chambers.

21. A method for imaging one or more indications from one or more
chambers of a microfluidic device, the method comprising:

transmitting one or more images of a portion of a spatial region of a
microfluidic device from the portion of the spatial region of the microfluidic device along an
optical path, the portion of the spatial region of the microfluidic device being characterized
by a first dimension;

coupling a first lens system to a first portion of the optical path, the first lens

system being characterized by a first optical characteristic;

W o ~1 O b W N =

coupling a second lens system to a second portion of the optical path, the

—
<

second lens system being characterized by a second optical characteristic; and

p—
—y

capturing the one or more images of the portion of the spatial region using a

—
b

detector device, the detector device being coupled to a third portion of the optical path, the

[y
W

one or more images having a determined size at the detector device of about the first

—
S

dimension or less.
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| 23.  Themethod of claim 21 wherein the first lens system and the second
2 lens system are characterized as a tandem lens system.
1 24.  The method of claim 21 wherein the microfluidic device is
2 characterized by a microfluidic dimension and the detector device is characterized by a
3 spatial dimension for an active region, the microfinidic dimension being about a similar size
4 as the spatial dimension.
1 25. A method of imaging microfluidic devices, the method comprising:
2 transmitting an image of a spatial region of a microfluidic device, the spatial
3 region being associated with more than 96 chambers; and
4 capturing the image of the spatial region using an image detection spatial
5  region associated with an image detecting device, the image detection spatial region being of
6  about an equal size of the spatial region of the microfluidic device.

26. The method of claim 25 wherein the spatial region divided by the

image detection spatial region is about one (1).

27.  The method of claim 25 wherein the spatial region divided by the

2  image detection spatial region is about 0.99 or less.

1 28.  The method of claim 27 wherein the spatial region divided by the

2  image detection spatial region is about 0.88 or less.

29.  The method of claim 25 wherein the image detection spatial region is

2 about 30.7 mm by about 30.7 mm and greater.

1 30. The method' of claim 25 wherein the image detection spatial region is

2 about 27.6 mm by about 27.6 mm and greater.

31.  Themethod of claim 25 wherein the image detection spatial region

2 comprises about 2048 by 2048 pixel regions.
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32.  The method of claim 25 wherein the image detection spatial region
comprises about 2048 by 2048 pixel regions, each of the pixel regions having a spatial

dimension of about 15 pm by about 15 um and greater.

33.  Themethod of claim 32 at least two pixel regions are associated with

at least one of the chambers.

34.  The method of claim 33 wherein at least nine pixel regions are

associated with at least one of the chambers.

35.  The method of claim 34 wherein more than 20 pixel regions are

associated with at least one of the chambers.

36. A method of imaging microfluidic devices, the method comprising:

capturing an image of a spatial region associated with at least a determined
number of chambers of a microfluidic device using an image detection spatial region during a
time frame of less than one minute, whereupon the capturing of the image of the spatial

region is substantially free from a stitching and/or scanning process.

37.  The method of claim 36 further comprising capturing the image of the
spatial region associated with at least the determined number of chambers of the microfluidic
device using the image detection spatial region during a time frame of greater than 10

milliseconds.

38.  The method of claim 36 wherein capturing the image of the spatial

region occurs is a time frame of less than 30 seconds,

39.  The method of claim 36 wherein capturing the image of the spatial

region occurs is a time frame of less than 15 seconds.

40.  The method of claim 36 wherein the capturing occurs synchronously

for the time frame of less than one minute for the determined number of chambers.

41.  The method of claim 36 wherein the capturing occurs while the

determined number of chambers are maintained in a determined temperature range.
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42,  The method of claim 41 wherein the determined temperature range is
+2°C. '

43,  The method of claim 41 wherein the determined temperature is a

portion of a cyclical temperature envirorunent associated with a PCR process.

44, The method of claim 36 wherein the determined number of chambers

is at least 96 and greater.

45.  The method of claim 36 further comprising capturing at least a second
image of the spatial region associated with at least the determined number of chambers of the
microfluidic device using the image detection spatial region during the time frame of less
than one minute, whereupon the capturing of the second image of the spatial region

represents a fluorescent emission.

46.  An apparatus for imaging one or more selected fluorescence
indications from a microfluidic device, the apparatus comprising:

an imaging path coupled to least one chamber in at least one microfluidic
device, the imaging path providing for transmission of one or more fluorescent emission
signals derived from one or more samples in the at least one chamber of the at least one
microfluidic device; and

an optical filter device coupled to a first spatial portion of the imaging path
provided for transmission of the one or more emission signals, the optical filter device being
adapted to transmit a selected spectral bandwidth from the one or more fluorescent emission
signals and being adapted to process one or more chromatic aberrations associated with the

one or more fluorescent emission signals to a determined level.

47.  The apparatus of claim 46 further comprising:

a detector coupled to a second spatial portion of the imaging path to read a
portion of the one or more fluorescent emission signals;

a first lens system coupled to a third spatial portion of the imaging path, the
first lens system being adapted to capture one or more fluorescent emission signals derived
from the at least one chamber in the at least one microfluidic device;

an optical source providing electromagnetic radiation characterized by one or

more spectral bandwidths; and
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9 an optical element coupled to the optical source, the optical element being

10  adapted to irradiate at least 96 chambers in the at least one microfluidic device, wherein a
11 group of more than 48 chambers is in fluidic isolation from any of the other chambers in the

12 group of more than 48 chambers.

1 48.  The apparatus of claim 47 further comprising:

2 a second lens system coupled to a fourth spatial portion of the imaging path;
3 and

4 a thermal control module adapted to provide thermal control for the at least
5  one microfluidic device, wherein the optical filter device comprises a plurality of spectral

6  filters and a plurality of zero-power doublets.

1 49.  The apparatus of claim 46 wherein the plurality of zero-power doublets
2 comprises a first zero-power doublet adapted to reduce chromatic aberrations at a first

3  predetermined wavelength and a second zero-power doublet adapted to reduce chromatic

4  aberrations at a second predetermined wavelength.

1 50.  The apparatus of claim 46 wherein the optical filter device reduces a

2 background signal associated with a portion of the imaging path to a predetermined level.

51.  The apparatus of claim 46 wherein processing the one or more

B

chromatic aberrations comprises correcting the one or more chromatic aberrations.

52.  The apparatus of claim 51 wherein correcting the one or more
chromatic aberrations comprises reducing the one or more chromatic aberrations to a
predetermined level, the predetermined level being characterized by a predetermined shift in

a focal point associated with a first ray characterized by a first color and a second ray

hh W N =

characterized by a second color.

53. A method of analyzing processes in elastomeric microfluidic devices,
the method comprising:

capturing an image of at least 96 chambers in a time period of less than one
minute, wherein each of the chambers in the at least 96 chambers is in fluidic 1solation from

any of the other chambers in the at least 96 chambers; and

= R ¥ R S

processing the image.
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1 54.  The method of claim 53 further comprising;
2 capturing a second image of the at least 96 chambers in a time period of less
3 than one minute; and
4 processing the second image.

55.  The method of claim 53 wherein capturing an image is performed
2 using an optical system having a numerical aperture greater than or equal to 0.23 and a

magnification less than or equal to two.

i 56.  Themethod of claim 55 wherein the optical system has a numerical

2 aperture greater than or equal to 0.23.

57. The method of claim 53 wherein each of the at least 96 chambers

2 comprises a volume of about 100 nanoliters and less.

58. The method of claim 57 wherein each of the at least 96 chambers

2 comprises a volume of about 10 nanoliters and less.

59. The method of claim 58 wherein each of the at least 96 chambers

2 comprises a volume of about 100 picoliters and less.

60.  The method of claim 53 wherein the density of each of the at least 96

2 chambers is about 100 chambers per cm?® and greater.

61.  The method of claim 60 wherein the density of each of the at least 96

2 chambers is about 250 chambers per cm? and greater.

1 62.  The method of claim 61 wherein the density of each of the at least 96

(3~

chambers is about 1,000 chambers per cm” and greater.

63.  Anapparatus for imaging an microfluidic device comprising a plurality
of processing sites, the plurality of processing sites containing at least one sample selected
from M samples and at least one reagent selected from N reagents, the apparatus comprising:

an illumination system coupled to the microfluidic device and adapted to
illuminate the microfluidic device with electromagnetic radiation;

an imaging system coupled to the microfluidic device and adapted to receive

-1 R W N =

electromagnetic radiation emitted from the plurality of processing sites; and
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a detector coupled to the imaging system.

64.  The apparatus of claim 63 wherein the microfluidic device is an

elastomeric microfluidic device.

65.  The apparatus of claim 63 wherein the processing sites are closed

reaction chambers.

66.  The apparatus of claim 65 wherein the plurality of closed reaction
chambers comprise a reaction density of about 250 reactions in fluidic isolation per square

cm of area and greater.

67.  The apparatus of claim 63 wherein the electromagnetic radjation

emitted from the plurality of processing sites is a fluorescent signal.

68.  The apparatus of claim 67 further comprising a thermal controller

coupled the microfluidic device.

69.  The apparatus of claim 68 wherein the plurality of processing sites are

characterized by a volume of about 100 nanoliters and less.

70.  The apparatus of claim 69 wherein the plurality of processing sites are

characterized by a volume of about 10 nanoliters and less.

71.  The apparatus of claim 69 wherein the plurality of processing sites are

characterized by an array density of 250 sites per cm” and greater.

72.  The apparatus of claim 69 wherein the plurality of processing sites are

characterized by an array density of 1,000 sites per-cm” and greaer.

73.  'The apparatus of claim 63 wherein the plurality of processing sites are

adapted to support protein crystallization processes.

74.  The apparatus of claim 63 wherein the electromagnetic radiation is

optical radiation.

75.  Anoptical imaging system, the system comprising;

a computer;
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an optical illumination system adapted to illuminate an elastomeric
microfluidic array device including at least 1,536 reaction chambers in fluidic isolation, the
elastomeric microfluidic array device comprising an elastomeric block formed from a
plurality of layers, wherein at least one layer has at least one recess formed therein, the recess
having at least one deflectable membrane integral to the layer with the recess; and

an optical detection system.

76.  The optical imaging system of claim 75 wherein the at least 1,536

reaction chambers are characterized by a volume of less than 100 nanoliters.

77.  The optical imaging system of claim 75 wherein the at least 1,536
reaction chambers are spatially arranged with an array density greater than or equal 250

chambers per square centimeter.

78.  The optical imaging system of claim 75 wherein M samples and N

reagents are distributed among the at least 1,536 reaction chambers.

79.  The optical imaging system of claim 75 wherein the optical
iltumination system induces the emission of one or more fluorescent signals from a subset of

the at least 1,536 reaction chambers.

80.  The optical imaging system of claim 75 wherein the optical detection
system is adapted to provide one or more images of a protein crystallization process

associated with a subset of the at least 1,536 reaction chambers.
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