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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
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or absence of a particular target nucleic acid in a sanple, as an
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anal ytical tool .include: .
various chemical and biochemical analyses and syntheses have occurred. Such systems have

been developed for preparative and analytical applications. A goal to make such micro-sized
20  devices arises from significant benefits achieved from miniaturization of conventional macro
scale analyses and syntheses, which are often cumbersome and less efficient. A substantial
reduction in time, lower costs, and more efficient space allocation are achieved as benefits
using these microfluidic systems. Additional benefits may include a reduction in human
operator involvement with automated systems using these microfluidic devices. Automated
25  systems also decrease operator errors and other operator type 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:
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devi ce ugﬂg& test. [0007] Both scanning and stitching systens have
shor t cofi ngs. For exanple, both types of systens operate at a
relativel ﬁgl ow system frequency, which is proportional to the area 30
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i nteresting assays, Su n ty and nucler’c aci
20  microfluidic devices have various shortcomings. Some conventional readers operate in a

scanning mode, in which a laser beam is raster scanned over the microfluidic device. In other
such systems, the device or both the laser and the device are translated. These scanners
collect fluorescence data from the reaction chambers present in the microfluidic device in a
sequential manner associated with the raster scanning of the laser source/device. Other

25  conventional scanners operate in a stitching mode, sequentially imaging small areas, for
example, areas less than 1 mm? in size, and stitching these small images together to form an

image of the microfluidic device under test.

[0007] Both scanning and stitching systems have shortcomings. For example, both types of
systems operate at a relatively low system frequency, which is proportional to the area
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 anplification, system frequencies

greater t\b?%&?ﬁﬁml' 20 cn2 per mnute are generally re‘ilHirlesgoots{Bzozs
i mage the fluorescent processes occurring in the reaction vesseéels o?

t he rni graofdudic i i ni a j i ens
are not BB oBRH] ey Bkl 1 A LO0 M RE SRRt Pl O
syst em tdgnivedjtopintage timefwreantprocesseschestricing b thy 1Sayioh esssehroflthani t t he
potential for .utillzi certain assays e.g., performance of

oal - 11 TRCTPOHAG driss) ChmFuiagbscapRiat and sk slloms eR@OLphlofmeet these
| npr ovegerfihiages gotlsl BYAHRITR th MowiABSsReh ﬂﬂ&:@buﬂ'ﬁ{e@e E&ﬁahfng%ﬁd stitching
suspended in a volune of fluid in a chanber of "a"m crofluidic device.
10SUMVARNstearcanHimit vEpatetial faoodizingmsdridi asepys o eigh @erforsase of rmabtinieon,
t echni qgﬁﬁ' for mcrofluidic systems are provided. In particular, the

i nventi provi des a nmethod and system for inmagi ng one or nore
entities suspended in a volune of fluid in a chanber of a

mi cr of | [A04BL ddgreiere, thereds paeed imibe prt for impeovsd seethadsmad spsicmp Sordpsgiag
for imagj ' . f - esce i gn Ss0ci at ed
wth {nSk ke ERbLRY i £ DB dLIERRERERLEEF) BB IERRREN R
way of exanple, the techniques for mcrofluidic nethods and systens
are applied using fluorescent, chem | um nescent, and bi ol um nescent

reagers coupled to the mc Qﬁ‘hﬁim ﬁ[‘EEiN icdnywoul d be

recf)tgni zed that the invent iFSon as gdrriﬁ?:‘ br o;\h%qulgnge of

appl i caf§i0nd} y Acpa@ing) tolthe presqué civentiom riechdiquenfor mineflnidic eystemsarent i on
provi des_ a ppar at.us far .imagi ng 20 .0ne o re selected .

{1 vor estentisty RipElieian S ingiienhearigf fmahed gag selem famagigase qs more
i ncl udegntafes shpehdid iRALILGRSBF BEidLA alcRARberOT] 1HibATRENIC UBvied. MRasSt one

m crofluidic device. The imaging path provides for transm ssion of

one or paHeulaly,dhepresent mathoikingdrsystegnlar inapng vesd ifdieationn &oora fluerescence
samy] es_.i I one ch r...of .the at |least ,one m crofluidic
evhto. bl SRsled FRTInBRE o NIV By if R MoresfEE <85 "Marefy by WA or
char act etanzs¢ thyteadlnigeds\fat mZoSwidid rabthedymidsly&Bms ard @plibd ukifg finbReENE,
path. The apparatus al so jncludes an  optical |ens system coupled to

the i megheryuspescenthanddjpluainescentgeadpst enpled tathepristoiidicdghisn tut ithe
R B L
e o OB SR SBRSe Rbbo rblhel e Ri e Bening
ONePr &Y 6 thord QERSEE MuoRBEchSt i SHBASS ISl ST UBVRBE TRE afRfrfius
sanples in the at | east one chanber of at |east one mcrofluidic

devi ce iacludes amimaging paih peutlediolpist dne chaniter it atllesst oncomécrefieidisatevicEhe
at | easil,%egpe cha r ha ‘3\, chanber.siéte, t he V\ﬁ) C

2005/ 121864EET} BEME58 350 ansaiisign €088 opBony Teorgsoret epissian sigralin
act ual &qplell Fontoneashore samblBlin R 4t st SRIhRAbAIIhe ItBasiBhREcralISHic
includes transmtting the one or nore fluorescent em ssion signals

associ af@icen ke chpabarhasichamheiotigh thachspbetsire being clapacterined dypnagtuab
t he,d nagj . igal: | t-am.i d '
o AT R 0k 45 A LB BRBl B p G Rch 84

system coupled to the imaging path. The optical lens system is adapted to transmit the one or

more fluorescent signals associated with the chamber.

[0011] In another specific embodiment, a method of imaging one or more selected

fluorescence indications from at least one chamber of a microfluidic device is provided. The
30 method includes 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. The at least one chamber has a chamber size, the
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in the mcrofluidic device, irradiating at |east 96 chanbers in the
at apparatus also includes an imaging system coupled to the microfluidic device and adapted to

receive electromagnetic radiation emitted from the plurality of processing sites. The

apparatus additionally includes a detector coupled to the imaging system.

30 [0018] In yet another particular embodiment, an optical imaging system is provided. 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
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in de i crof |l uidic device conprisi reater than 511 chanpers
| caRel TR et b, S Bhiq MtE FRugkntrdpecar P g o
m cr of | ¢iibgét of YRS THORTTioBds0eht SHBRIEH sifhadat Y deBM! cdpBurfrgdéone or
chanbers. In another additional enbodi nent, the use of "the l magi ng

syst em PRES Teprescanigraisgen gigarle dasvedcion theongmimemgayplsainett ledshonoof the

equal it Br GIATRA B d i BhuBROINEL ﬁ‘qdaﬂia{t}:ngﬁgieasg\%gcg&gg%gp @1%%6
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use of ging systeminclhudes a mtro

gr eat erlehsdtane aticefluilic devidd WHREHn elvhrdfelschanRA2h aA660s 6f Merelthan 48
anqf her e odi.rnenhe.of. 1 he iir))%%gent i nvention, the use of an optical

i medi ngReRORER (b TRt selatipm frophan Qbihe elhet dumbsrsan the pep plimerethan 48
devi ce iRy hg@ﬁaini-[%iiﬁin fle Aelt 85@1‘?&%8{1%19? deYRE TphdieteiffiRqan

el astomeric m crofluidic device adapte erformprotern
cryst al teinpatategn apa detegsimed timeawheircin the lpeedetnhoid neanperature ankd her

el ar o BRI cE TEE e
pr oces s@fbodimeN e prorBRit}ehe 81O 8 BR hroth e Atsefra@bnd eﬁgodéé{@@ gg{ﬂtt%é’ ShESP

includes an el astoneric mcrofluidic device that is adapt
per¥or repredfuaresssntznission bignale ihchples exdueingtthe encrr menaghraatic aberrations to

t i e th i.fi di t h t] .
i ng: BaReifbd ah T iR RE Tt e be et baied s i a
react i ofosal pointisesoctdiel With aSReGhT chardtBRAABSH first BRoUER Oectdiraymagi ng
system i ncludes_a mcrofluidic device conprising closed reaction

chanberdarastesized By pireand qolest 4r yefranother enesific cophoderneninthe optiead filtsedeyice
t he i nagj ' ' led t

e | TRk A DS OB S ROAERL S5l AR fouP! e [0
o 31 e PR R RN MU TR F - R
has a phyued toldbldt ifRHRhGSSrefaPiott thRrdIRAME Beficy & pEviala. CH LYREE

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



WO 2005/ 121864PCT/ US2005/ 020250 chromatic aberration at a first

wavel engt h gassed by the first spectral filter to a first
predet er (Y REY121A% " and t he second doubl et reduces a vaPGEU§H005/020250

chromat j ¢ erration.at second wavel.en ass hy the second

oot rafan 57 Ehimh i Rincihes ShREfe PRPRHRERS el of e Wipkibesviom nandes o
the firgtcrefduibicaleviadhdthes seelasdmeay bhitlofididc 4846 NAWRRLIERWRIEts. | n
5ot her enbodinents, the first spectral filter, the first doublet, the
second ¥pedimgnt, fhejuse of therimaging sysewriaclydenst micrefluidigrdesivg sdmpysing greater
filter . 41 ' of, t sent. i nventi.o
the. usettaF 95 chode Il o ulE b RO RS InedF ORI S kin B splnces

I mages, a mierbildidivglevive cotopiding drtater thac 888 clemilesd. A yet givhs altbmanvan

m crofluidi¢c device is_praqvided. The use of the fluorescence inaging
syst em ¥PodiBER e vse Af thedmpgingisystganineladesmaefiuidicdsyice comarisipg greater
reacti RehSHd | L0 L6 o | I; ' X
B T e B A S L L
a m cr ohiawitiidicdievice eompeatinh@seater thdrast ayrelrto @, Iidathafbeisdile agtdlérce. | n

th dj nept .. th f the fl nce .i magi y st
el uacdIgR| FEPodiyient et Sif EREIOY S I DHEPRALBrTtE by a
VOI19Te QmdrRafs drBaBr than bl equal t/S1 1 G BRINS:s. eRE 5mr,a_d§éi%hglfegﬁ%§fr§§rg,

the fluorescence i magi ng system’i ncl udes an €l astoneri

devi ce thpase ¢fghe hnaagiog sysiere dndbydesa microflpidie dsvity camprigieg gtehtanthan or equal
equal t9 1%@% gggct'on chanbers per cn2. In an alternative enbodi nent,
the fluore tg am é'i ng systemincludes an optical filter device,

the optical filter_ device being adapted to pass a sel ected spectral

bandw dOA23]r oficeeréingrie appthpipabadimsnicaldbapressit suieohon itymesesanertieding
adapt eqn{agir?g sggt%ﬁsto%ﬁ‘a&rin%&i@]{e% focan%gic?zﬁgl{icii@td!e%@é %fgrffg\%ﬁécf‘ Fie use

t
with the r nore udrescent ‘em ssion 'sig s toa erme
| eviél . (flbe&tichhsyatene inthdiesen tlasfontehie npceskidic devenidapted tapedpin fdtein

system for jnterrogating sanples in_a mcrofluidic systemis
pr ovi dedystltizatiom g fquefaln@yéft@r@%ﬁmh@@e%ym Hlothes GBI, the e of

det ect G aeRidSlySikH Abmass & élgéf?ﬁ&%gmiﬁ'oﬁ:&i@}c &Rl thdt9s Ma Eééﬂ(rjtg %Erﬂnf}n

di mrensions Z25°than the mcrof Ic systemwhich 1's I nag nto it.
| n anotthwressennsgiroensses. thhgeichaotiet embpdinept, ithabdeyof tloximapthg systetreincludes

m crofl ui dic device usi. t. | t one lens. In yet _.another

enbodi ihitesCepE ety &vics s B Rae g IeiSH A sphed

M Qoof | teinféranile v f8ge bittethpeR@Eres ber@ RO dinbiher SiteiftanfsdddhentSthk Bptical
conformal contact with the mcrofluidic device. I n another specific
enbodi HERgIngskptermes recddpcotestinrmaionsetatehioRR rnstiens. dh yetanotr 30

[ 00261 Preift S BRREia P AL filine LARS LLASEs BRbORRGS AU g o
m cr of |donghrisingteldsed réatipsi ohdrgiedts infhécroiilzdkol sty&i EMoRRE etbodiments, the use

magni fication M NA JNAoof, where NAo is _the WO i L i
2005/ 1 Xfdeipragingspisiss) wehulsya thegpakeonirglien thatds geunlpd Wil Nugrefluidic davéce.

maxi mum NA al | owabl e onto the detector before | osses due to
r e2bect[D823] o clnanr ltegnatitve einbodietent.t the ufcasfeanpptisaldniping st tv g a | n

N T RN T MER K< oF N N T
has a plurality of doublets adapted to reduce a value of chromatic aberration to a
predetermined level. In an embodiment, the optical imaging system is characterized by an
NA greater than 0.23. In another embodiment, the 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



5[0027] In an additional enbodinment, an optical systemfor
i nterrogatin sagl es in a mcrofluidic systemis provided. The
det ect or %Qﬁg‘}sf 4an array (e.g. a CCD) equal to M ti nBST{U§a005/020250

di rensigns of. the area, of. the nm crofl uidi.c deyice contajnin eaction
chanber SToHAS ANGHBH A Gt B aP G P s P SRt do g s

i ncl udegrelifigrmsiabP v eCAMRE s8coh dBEblENeBidR U3/l of lcBrdnitt BERAHARAL |
M = NAI NAdet +1- 10% where NAO is the nmaxi mum NA 10 acceptabl e as

det er mi seegndyavipngib passed by shectsnendisneatralditer ted sgcoud predetsomingd dgyehblne

crosstal k_bet [ i h [ their acing and siz and
Cheir oxtar oAb e G AIBIERLF s b oM ERAE r RV oraiylfipe™ 18

i ncidendthbd gibodiBehtosthe drsttshectahe i, e St dadietdue sécdnd epdchal fikeSand the
vignetting, and_ the like. In a_specific enbodinment, the det is such
that S $s9nddoybigtianearanged s aifdter yoeelat the detector surface due to
reflections, vignetting, and the like. In another 15specific

enbodi NHR4] t heaiddbletentodanedt dffiat presenP Oftention, el we i alfhghdscérge inaging
at the detector surface due to ref]ections, vi netting, and.the |ike.
In yet SYSHFhBXACGREe p Pkl dnagts orNDaRear e Juerstes emissigogls,

| nct dentrob fhickot i deBhoc 15tV RIGEC TRE usdtAE ButidSochOe hEIHAEL)RAS
vignetting, and the like. In an alternative enbodi nent, IS°1. In
anotther ingludes mati¢roBuisiddeliiceethat hayigreater 2 §06:28]onNdamberssn fleidé isokation
are achjeved usin thﬁ rﬁ’éese?t i nvent.i on %er (ég ventional . .

Lechni gl otags reacan Shrherds o besinse dhe use o dieriipoes e phpimpging system
gener at RcRides 4afi@6iunidid@HeSCBRCRsah QsBiBre Rictdflvidie de@¥s CBr another

Addi tional |y, enbodiments of the present invention provide optical

syst ensembedimenly thearse lof Sialivozessbrgerimaging systemuigeludesce plyealigs of reaction
zer o- power [ | etis. € I ral .filters. 002

The capdpim R BATEL byl ERMBREONA BRRNA Kk afbdeciTprinth,
 pl a5 or measeopthe Vindedcdice ehgid g BRdéra influddian plaememdricirieerfluidio detioe that is

exanpl e _genonj cs_applicatjons including gene ex(ﬁr essjon_and )
genot ypfligpcigrizes By £8 aray dersityereatsohiamantaabio kRaesstion chempers @at ¢, In

Vo €0V Sin alldGith R londt 8ot e AErdRhRE Ihffing Hoin AR 2h bBRS:I Hie: ARAR,
possi bl e. As an exanple, applications refated to cancer tection as
wel | asthsioptta fitiet deviecbangadaded to (36 dstlent¢d speciasi bagdaidth fromathe one or
are provided. Further.nore,. proteom.s | jcations includin .

or ot 61 MPPTRIICPRIGPHG O et PR B8 SOMedio dretst ane piompregiremic

t hraughaReaaehRE Sated witRahe bES Sthotd MRRECOR-emi¥¥dn signals to a determined
2005/ 121864PCT/ US2005/ 020250 [ 0030] Additionally, depending upon the
embodi nsMels of the present invention, certain benefits and/or

advant ages may be achieved to overcone certain |imtations associ ated
wi th ot jpees} ethati eidbsdimEheof bt pesskmdnveatiohesroplichiesyBichetr Bageskatipgn
cal cul ations: [0031] Some scanni ng. systens have a desired resolutrion
of 10 ufapl¢sinpraiseoihydicspgemtinprovidsda dn the apbical sysemagovided bp this

appr oxi : 0 " t s .for I rEEH | S 1L abl. .
guant i f%}gﬁﬁ 1%81%[’ @)%)adr?%ﬁ%g)? Ct% 881%888%%?&{%%95 i nf%&s{eocogﬂ%?e{ @hdeﬁﬁenslons
r esisdenihen themeicadflvédic Byspmtwhish is ilnaged onte éic dndnothecanbodigieyt, the detector is

[ i 3000 i nt | b lete i 3 LT t i | t
L B tcaly R ot Mk B S oAbt e B emo ke b
i nventi é}ﬁbodilg) i t@mﬁtecwrgpﬁwm cSRRMhE Retacl R T BréRuillc @Hcel T hhe

spot as woul e achieved by an 1 magi ng
specific embodiment, the detector is in conformal contact with the microfluidic device. In

another specific embodiment, chromatic aberration correction systems as discussed

30  throughout the specification are utilized in the optical train.

[0026] In another embodiment, an optical system for interrogating a microfluidic device is

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



10 system according to the present invention acquiring a signal over

a period of 1 second. To raster a spot across 3 cmin 3 ns, 1000
times perVQEMSAAB#s of ten mechanical Iy chal | engi ng. | nPQBES#05/MR20250

T e
flying [Rad due @refleBldH RGuRingst B detStor thle p42k 8 10RERIA VA18e. OB Aspecific
collected at the |ower right hand corner of a device will be 1(}:J

secondsewberiment therletectdrds ¢ £1CGD ewd Néag -3 Intaaothspembodifent; Sivddetector is
corner o e i whi is undesirable in sone applications.

[ 0032] %@@%ﬁﬁé#ﬁ\&*%ﬁgm acquire nultiple images and stitch them
together to forma conposite imge. In one system in order to stitch

t oget heM037l i Amgeaddidenaembpdineent amopkicd systeinfayinterropding segeles bre

ou o Al e Phogteeh, 1 B sl {68 T R PG R

novi ng &umes theldimeitorsiofehd &es PEME naickiuidiogedte @m@ﬁmfgw@ﬁbﬂ&ﬁﬁnsérapm
will be -50 ng This system woul d generally regw re a light intensity

-20 ti n@semiodimenty e #en ofithe migilnidiedeyies inelndes the sample shaghers to be
) t. s ( iy P i o
b ghor - Rer iy i b A en CXPL 1EA BRI Hong. HRECRG. 6 ko a

st ade - acepableas déterminid §y depitn dridowavnsigeRbotOreltadphei@eptable drasstllc
ms. Addj tionall ese sy .require_ careful |'i bration

.t te ener al | c
of both %'P?Ibwaémilq IS ﬁ]@gg}’gya%g a1q si¥6, and theirgyiens alopg the 4 axisoppd
titchi ) b - ty: i .
ot o Ry FEA P50 AL AOR bR NI ERINBEMibhE

| ef t  havigneitingieand thdtiled) Ths spBels efnbblBndnh, 1EONR 8 Bduck @dt €59 bPRSRlent
Some enbodi nents of the present invention provide inaging systens in

whi ch tght 3ploghat shedetegier swrfapaduaiogrdections.cagnestingrandthedike. n arnther.

In e j t i 0.sec o | e, s;-avaj | abl ver al
secanas tap Hoiiisolient e Ry 17 BRATAR S5 Pa oP R RenP UL R Bys BEVERE
are redsgpde alic B rieflbdtivhedvigcettilad and ShedMel q&gemfoml@éctﬁd GEbdUiAhS tiRt
the sanme tinme. WO 2005/121864PCT/ US2005/ 020250 Moreover, enbodi nents
of the Nesrituch habst O¥nolgerident|light is| Ipsie Hegtdstectns serfaderdierty cefleictionsdi ¢
device 31 x 3 rea) at.once and ut.ili l en stems w th high
NS and PR AR ke b aUEAGY S BORITiERERt MG o I RHoTHE A peting
speci f i gabdd@menteWPaqi nents of the present invention provide nethods
and systens thaf are | ess conplex and nore powerful than 5

nedC| oBP8L. . RERATR e BRE 08 SRl eR kA aRel IR onoe S Gt

accor di eghriigueisegicreaitodifénts R vileaspriahl inagRBslyeBms kipdeedte thed adtk& Of
the present invention may be found throughout the present

speci f i Buarpssaneafsomsmaicpiividie dedes.y Agditiona L Dspdadimngtagiche present invention
o _1 . .
benor | 120y SBfcd v TBhe i ANBEARE RN dESLE e TRETEANDoRIl "

and norahpaniticodoublety/cdneleduo spéafiandiliadar i ous addi tional objects,
features and advantages of the present invention can be nore fully

ooy dPS LA FRE ferfpitn Mol ErBERRi b BB bpiform are
DRAW NG8of1ded by embgdimentsiofithe preséntipbvention Baheantplegaioagesepplications

It thu;J; ;igléwgﬁg%gg% F);[(fg%sasgonl aqﬁgglelqgtyg%ﬁsgta%n p&%gr(xjnre Iug gtegib%girggxﬁs? gf g%rf)}es%];t

invention. Moreover, Digital Isolation and Detection (DID) applications are made possible.

As an example, applications related to cancer detection as well as single cell macro molecule
30  detection and quantification are provided. Furthermore, proteomics applications including
protein-ligand binding and an immunoassay processes are provided through embodiments of

the present invention.



[ 0036] Figure 1B depicts an overview of an exenplary inmaging system
according_to an alternatlve enbodi nent of the present invention;

20[ 0037] &ﬁ'ﬁéui is a sinplified schematic di agram i | PGEAUSAR0SHP250

t her mal evi ccording tQ a enbodi nent of the present

i nvent i &‘fﬂ%i lﬂwa@a @@%&ngepa?gi CRSdImengE oS b PREtdNRIBigR ateEtain
11T ustr akhdids and/ vasa

present %I nvesnt | oﬁqﬁl 0035%%%%&%&132@%59%%}35 ap mﬁ%?%rgg%g%ad?d with
em Ssi onﬂI@e’rﬂCbque%ltTlE followingiay bbendgtémitedbaediopth dycudationact i on
occurring in a nunber of reaction chambers present in a mcrofluidic

devi ce 76039] diS¥ehd Radiing FRASGHIRNe alesirOErREIBESMbE | OMANTH Bdse AN, there
Figure 4 is a_phot ogra of fluorescent em ssion centered at ‘a second

wavet engtert tgt@é@ﬁé%@ﬂé? @ (F eprwoxiowiady 40 ) Fapgtsl® rﬁowhlghﬂebremencemesmably

of the. BYARERE" ok Bl b UodbbflsB IS Y G 0R%, B dni i ags povis

Fi gur es~3- 1ﬁ1o&5&c@ﬂbtAdﬂo&ﬁﬁ@l§F§a fidscae(3800 dm\t%\vﬂ:lMBé EsmplerRdy 3afs, UBb Bt
an enbodi nent of the present invention; ure 8 is an

i |1 um nSTPSHeRS Siglakiianeise o thak achisved paing vebetﬂime@t&ﬁftﬂye présent fnyigntiom the
of posi{; 6

[0043] P PRESE SHUA Y 2 M B 0L el REWBLRTE o DUERY b hraging
enbbdli meysten accoodidg hgthiepredent invasontacquiviap bisighal 0 44kribi giif eecbdd) Toa
di agram i tﬁl;ustratl ng.field curvature and distortion for an opt| cal

syst em [0 ASRY a&&(@ PHhE 1 BsalPUOHIBS BRE secot 1 RBen meskavicallychallsnging.
0045 t
[ 1 & sidfitRonl 301'1&:t1%n Qi B Afkdibit H%Eél@%ﬂf‘ﬁ% Qgﬁ%&gmﬁ%sﬁg? ’Tﬂfé%’eﬁé{'ﬁlly

focus produced by 10 systens according to
pr esent raguiremeithsn 2 14rgedield dpitigor e &ighMN A yHnghegide. edinaayimgret =0 m/s). In this

vent | SO oga o R Bl NS B gl BRep of R Bk i BE Biaads older

waved engiah shdocaawcmwdtadsn gk @b 1AAtnaRBincP b the |ePit8SARith is%eeélfa% inlS
[ 0048] Figures 20-22 are spot diagrans for select ed wavel engt hs

pr oducetPRBImicairnsnbodi nent of the present invention; [0049] Figures
20-22 are spot diagrans for sel ected wavel engt hs produced usi ng an
enbodi nfB2pf Sbhe sfitchirendysiemsaaipiitsmubiple images hRDSAEh Femtogeheto #8rm a

are ensquar ed ener gy. di a%r ans for several enbodinents according to 20
the pr o SURPOSItR HEARS: OIH one system, in order to stitch together an image from multiple 3 mm x 3

mm images, 100 images are utilized. The total time used to acquire these individual images

20 would be 100 ms. Assuming that approximately half the time is spent moving and half the
time is spent acquiring an image, the image time will be ~50 ms. This system would
generally require a light intensity ~20 times as intense as utilized in embodiments of the
present invention acquiring a signal over a period of 1 second, and/or a higher-NA. objective.
In addition, these systems generally need a fast stage ~ capable of moving 3 mm and coming

25  to a complete stop in 50 ms. Additionally, these systems generally require careful calibration
of both motion and light intensity to eliminate image artifacts from stitching. The data
collected at the lower right hand corner of the device will be 10 seconds older than the data

collected in the upper left hand comer, which is undesirable in some applications.

[0033] Some embodiments of the present invention provide imaging systems in which the
30  area of the microfluidic device is imaged all at once. In an embodiment in which 10 seconds
per image is available, several seconds of integration time are available. Synchronization

problems are reduced or eliminated as data is collected from all the pixels at the same time.

10



DETAI LED DESCRI PTI ON OF SPECI FI C EMBODI MENTS [ 0051] According to the
present invention, techniques for mcrofluidic systens ar ewpr ovi ded.
I n parti cUPAPOYIEHEY | hventi on provides a nethod and syst BRIAUSROOS ARG Hg

one or re 25 entities suspended.in a volume of fluid in a chamber .
of a mXPBONER BREOUBIRERST b PES AT R EImpral bl um i e chiteBlahutic
syst em feRfcel (IBYIHY LFRImI 71EH) GAARIA AR Bnk § ﬁé&ﬁﬂpf%mdﬁ%gd alarge
associated with the one or re entities in tthe mcro I di ¢ devi ce.
Mer el y fisld wlyiewt Asxdesplibed thiveighewttihe presesnt fpecifidationf dmbadirnente biithe presant
systens._are. appli.ed usi fluorescent, chem | um nescent, an
o1 ol um RLCTR PR ETEADaS ang SGF Bk RSt Grmiien PET Godt bePiBitm 30

woulsd h@nigaReal shade Teﬂcﬁn%ﬁ Sihe @bdafinéht 'Bielbr PARB B L hcEAMARatins
applicability. 2005/ 12186 / US2005/ 020250 [0052] In the present

appl i canipbe oyeewpehy & mesenhaghodsandsystems acypdmedd embedippentmof the
chanbers_in, a. m.crofd uk.di Vi [.n neral . these "reaction
chantere ot BvaEsns Rt e o ife plela FRED R mal B Sapld B Ryt e
react i Qitesent gfecifzaior annbad pecudirly bedse. Dégrhdingapbh Kiés enlb&iifent, one or
chanbers may be closed, partially closed, open, partially open

seal ed,mef A dse hersiinmay cxisr B andetbachengfittrave bpgodesprjbeg)throughout
tragsi gcgé &gé}ﬂ'sééé?ﬁiatfoﬂ\ﬁﬁﬁf\?ﬁd}gpgllﬁ%ulgitl %E’@%ﬁ states, and the like. In
sone e OHI ments, the chanbers*are seg ed,

capabl e of being seal ed,

cl oseabl i sol at ed,. capapl e of peing iso|lated, and conbinatians

¢ her eof1003d §ﬁ90®cﬁ¢€ﬁw§ﬁf°‘e}ﬁeﬁ?= fgqf\ﬁfﬁ?éﬂfi@?@flﬁg%m%ge BFFFCRLRYSTHAR ganpbe
transi b I i faetd at: il ;
Ther of Qg e A e B G v Rkt rawipes
t he prdbarfollpwvention, but 10 to include these other structures.
Additionally, the termchanber is not intended to limt the present

i nvention, but should be used in its ordinary neaning, unless
specific features associated with the chanber have been recited. O

codPse, there can be oBHEFJAFIGRIFGAON @BJHE DRAWEGSand

al t er nghhL¥8S- - MpL.eoy-er . ] |,i i.on

et or ool el s CPRRSRE SRR e BRE DS DR e iy
devi ce.actardingde dnwhibbdhindm ef grqpeseaf invéitiopt esent i nvention are not
only fluorescent indications, but |umnescent indications, including
chem | UfHEASCH; EQLHT BESRGE 0 ' ] ;
phosph'(.)[Iml)J:’;n;lﬂne}s31 eﬁ’tﬁé g%%%ﬁ %scent m%n%%@%%?@ﬁ%%gg%gﬁ? E%?%‘?éggg%,
or any abtehmtiveembedisientjof the presemgnesnyiont her type of indications that
may be detected using a detection device. As will be evident to one
of 28ki I[0037] thgua IC is?DsiiPlified schanidtis MRS IRRELHNY LiheAndINSnESTRS1deON
and anal ysis of these fluorescent and | um nescent 1ndications are

t r ansf éxcaydingrip grendhedimentios fid pyesenbinyeidser . Addi tional |y, al t hough
sone enbodi nents of the present invention utilize spectral filters as
opt i cal[oe3sjmeRigazes LIA-3Ciage siiplified|sihem@tiOWiabenillaseitingia ey dska@nbly Some
fluorescent_and | um nescent applications do not utilize spectral
filter @crordingdo gpepbadingsnt pf theipsesepinmentione opti cal eni ssion 25 path,
or both. As described herein, other enbodi ments utilize spectral
filterd003¥e Bigusid isla photdghephasft luicdsker pprissiiradaatdrbdatd fifsewevalas:th

assqQciated w.th particular applicatjons. [0054] In some enbodi nments,.
2 vAr &ﬁ%ﬁdhwire@@aﬁacq@e Gya ¥y R esEOn Sy aquintdvenaﬁvg?lyga%
are utidehzedchRliRk o ah BRbYSHNG: QPMb‘gFe%eﬂthﬁ\Pen?i%H; be utilized to
conduct thermal cycling reactions such as nuclelic acid anplification
reacti The devjces .differ, from conventional 30 m.crofl ujdic

v cedP4P); BRI S hhet Rt P e Gt el ed 24 pegeifravelength

i NSt anGREducBlBI aQEactibh o@&urﬁhg i@ ¥h&Ber oF r&RMBA TREMBErs BleA&it 3R hibrofluidic

material . For exanple, anplification reactions
device according to an embodiment of the present invention;
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can be linear anplifications, (anplifications with a single priner),

as well as exponential anplifications (i.e., anplifications conducted
with a foVR3PU M4 r everse priner set). WO PCT/US2005/020250

2005/ 12 LUS2005/ 02025Q. [ 0055] The t hods d systens. provi ded
by Sormel A b FHRRELS 210 Heot QIAgaht o AU EHET BAvel 1S O bR e el

type deymbe&inient PEthE prdibmdniditiogl ¢ acid anplification reactions. In
t hese devices, the reagents that are typically deposited within the

reactio hi €% : t ecegsary. to.performthe desired
ype. of Meaal HEGE s3R8T Dk ER GaliErDo fintub Rl BHEruS st B 3ionof
of the peditiavproguesdasiipnesinRdimprt ofeticprefat ven@sg, nucl eoti des,
nmetal ions, buffer, and cofactors, for exanple. The sanple introduced

it o th b . . . . . _
At & nalt ualy e 18 shfRieR BRERy gk HH e afBldud fifk8ding o
anpl i fi thetpresentiesgeions fl owed into the reaction sites. As discussed
in nmore detail throughout the present specification, when a matrix
devi ce | i g : i j : j S
cont ai nl e TG ARG 12 8 £ ORI A 04 RN S0 I SBh I o AL
channel systatel proveded mptarlinga iap embedigesnt of thiepoesght inentioor i zont al 1 ow
channel s or vice versa. [0056] PCR is perhaps the best known
anpl i i pAUEPN A@ed NS ediaghen IRVIARS déuble wa1enBHOERAA ifRR LR odfced BY
present invention are not |limted to conducting PCR anplifications.
Ot hid}  t systesasarccading trisasmbiodiment of thanresenbinventionbe conduct ed i ncl ude,
but are not limted to, 15 (i) ligase chain reaction (LCR) (see Wi
and \al [(dd6] Cigwoes Bis16 anthol di9gns dacselaredagivelengths dhoducST uEhE Bn
241: 1077 169'88)%5 tg%i ) transcription anplification (see Kwh et at,
Proc. Nempodimenipf the presesk imventionss (1989)); (iii) sel f-sustai ned
sequence replication (see Guatelli et at, Proc. Nat Acad. ScL USA,
87: 1874[0024%P0 Fjguremid-19 we spotcdiegrama dorckebatddvaetpngths praimpéd hsingbn on
(NASBA)% ee SO(#& anan, tR. aBd Ml ek, L., Biorechnology 13: 563-65
20 (199 SS".) TBERPTIRe PRySent dNVEGHPTg ref erences are i ncorporated herein
by reference in their enti ret(i( for all Purposes. [ 0057] Moreover,

1

cerkSai nl0#48) c Etguags20ddd grspat diagroms derciclected rvavelengibs proglucesheting ms

(e.qg., W, 1.h Vi that ..incl ude one or nore el astoneric val ves
to regu‘%:)a ed%% tu(ffiqg?\pl%?%n\}vl ‘%&%ﬁ%’h t he device. Thus, nethods for

conduct | nggﬂn'%l, ification reactions with devices of 25this design are
d:

al so prl®® 1guressd2 anepprt diagrams dorselsgted iveavelenaths payypedusingen
det ect e%@dﬂm@hﬁﬂtﬂ%?&ﬁ%&%ﬁﬁ-%ﬁ isolated in a reaction chanber or
seq

at any su uent ti using routine nethods for detecting nucleic

aci ds. i cans ¢ | Si ng doub) e-stranded can, be detected usjin
i nter caﬁggwon%@‘é?%m&se% NeIgYBogee %}I"(A%?rélc?ﬂl%ﬂdlm@&fﬁé%?or mg%o

I nep Elﬁg?%entq%)enﬁag' ethidium brom de and the |ike (see Zhu et al.,
1994, Anal. Chem 66:1941-48) and/or gel electrophoresis. Mre often,
sequence-specific detection nethods are used (i.e., anplicons are
detect ed based on their nucl eotide sequence). Exanples of detection

met hods include DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

[0051] According to the present invention, techniques for microfluidic systems are
provided. In particular, the invention provides a method and system for imaging one or more

25  entities suspended in a volume of fluid in a chamber of a microfluidic device. More
particularly, the present method and system for imaging uses indications from a fluorescence
signal associated with the one or more entities in the microfluidic device. Merely by way of
example, the techniques for microfluidic methods and systems are applied using fluorescent,
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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WO 2005/ 121864PCT/ US2005/ 020250 hybri di zation to arrays of

i rmobi |i zed ol.igo or polynucleoti des and use of differentiall

| abel ed rﬂﬁ?é?ﬁif g’rs“’beacons or other "fluorescence resonaﬁ@yUéF@%/@@zs“
transfe érnﬁl'ﬁ@ based tecti or} stems. FRET - Dbased detection is
a prefe Oroé PIESRt WPNSRl Gy FETERCRERS A At LosSRRMEBRRATTESICHOBT ¢t he
pr esent cHaRWRRA inQmicksffiite leyR8S Slg@RedYiBod 'CORNGSE clﬁa{?nl;elré‘%ﬁﬁﬁ@ﬂfb@eémg
froma donor (reporter) and/or acceptor (quencher) ftluorophore’in

donor / aﬁteemroceS‘smg@hap @S,Eﬂn}dénrrreacgweﬁﬁcatadcorﬂﬁleatwufﬁhesnmrmldhehkmr

fluoro are Su hat thee |ons e um of. t he
donor o et iy el PRt B e Sl e vy Seaie et Ctpetons
t he ai thefbf, flhélﬁdiﬁgﬁﬂ{lQﬁnﬁﬁy%%&ﬁﬁbnt%hﬂhhﬁnﬂﬁfvﬁlv%geﬁiﬂdftEés@%&tes and the
pr oxi mtﬁ/ecto one anot ener transfer fromthe donor to

accept okke: dA semeFnbedimenis %Chﬁmb@a arg sealed, aapabl%/ofdlfenmeabda@leseable

known i i I 510N en5|o
react i Oi’r%glla‘réﬁ ﬁ bke%flb\%ﬁggdl%&%Wec l‘ﬂaglP ’tl%eglf?(gﬁsaksgg%%'%lﬁv Qu or single
assays, cdnldﬁm affafy dassoratyest thihkiehd mnbﬁio@m&nvbﬁ%@in}l:cﬂ&ﬁesa&chtésﬁﬂfm ke dike,
extensign r actlon ut|I|ze a prinmer |abeled with one nenber of a

donor/ abREROER “5%1? the HemureReHaneemger 1S apbméndgs inlimpdhepresent ivieption, dut
t ey AON@IABRIENEA otheR@horur&. | RaiGhllICAERAEAUAboPLs dob Furd I8 kit the

nucl eoti de Tnto the priner during an tenplate- e en extensi on

react i gpresephsveotiar, bahshoabktleptsed Imﬁeoshmredlehmng,anﬂesg hpﬁ:lﬂﬁ(f featunest

energy transf wever,, 1 f. the beI ed nugleotide is

i ncor po?sa?cé?fe‘? Wﬂ@%ﬂ‘ﬁ &aﬁ%ﬁé?v%ﬁo ntrﬁ‘étegpaif CHBISF Ergiof bp QTEFFF yangtions,

t hen enghgifichtiGRSLRN alREEHFSs.and can be detected. These et hods are

partlcularly usetul in conducting S|ngle base pair extension

e o g e e o R

97/ 1327had1c1ﬁ@srmammﬁ)fmdic aptic® nﬁkime@wlﬂﬁme@ oFthd Srebdd€ RRFEoN are
si gnal usi n{; t he tenperature control nethods and appar atus descri bed

t hr ougH¥§En Wi@!%?Séﬁlétﬁ@d@MSf betdemingsceqnbpdptions, i léin;g femluminescent,
o
mrat(:aﬁo dgél%ﬁgrr??tggisneg g@%}:isegg'o?ﬂéﬁgﬁgﬂrﬁ%]s%%g %rﬁ@ho%%ﬂ@u@&%@#en& %%1611\{1% %Rcdnt 3nd

nucl ei cotheildmipresssn prdcassas, @ @py eﬂi&ypmea@hfgl mgoltdmg aBother t}qfe of indications
arrpliflﬁ t|on roduc f.ormed duri or af‘%ﬂi{ t he a lification

pr ocessof™ d‘?ff"if BYjas P detgpiieneddice £ I?f’r@“@ﬁ‘l’é sonscttrskdl wihepre

f I
] S g SO R

f or mat i lumingscentpididations arsrirgosfochbde ﬁommbvmchcatm tQ amthﬁu caddifdghally,

t .of PCR | bel e
T aor odirpre oo BBt o T et iRt i B ectal AR o5 Sptigal 1 e
to in tdembitt,ehidtishe rs%xlidae "tﬁégi’&éht iRhiied. S§8E fubfRkcaX MPluthinddcsht

Pat. No. 5 723 591. 2005/ 121864PCT11152005/ 020250 0061] Wth
mol ecul aPligaiinss Ae nobutdiversgectral fillsrsrin theanticnl wxritetinn patly ke epfidat emission

hy i di C 0 f |f| adu

7% S8 o B SRRty A Bl s SO TP B Shnd S
two secahe a]msmlleppfeslatetthedlf&freﬁdeea@ommd vailthdricul atdpelicaRasl on at the

3" end. These sections flank the section of the probe that anneals to

Lne PLIBOsH LAY il 3 e AT RIPMARYMbE: AP ol MDE IncbRBidic,

end section is typlca y at’ to a repor
secti omnabzs%sa:ahhhzalthmmh,adehdn@ dpuizes that cﬁ@uﬁlneﬁtﬂ d:th]ldﬂct thérhral tyeling

end sections ca di ze, W each other to f rma rplnloop I n
Ehi s cORiPRaB e TEHE B MTER B A aehch ohe: They B e diiv: SarT sas ooyl
cl ape RhR¥IMidiX d%ﬁ@és ihltHaRSERiRAe blaoithehe cBﬁPQﬁén?g éﬁj&?fn%ﬁastances much or

effecti velfy quenched by the "quencher dye. di zed probe
cont r asdl oftlie deded is somposed) dfpdastonaesit matnlﬁfdr et example, antpliftvatibrercastie@st

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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1516: 49-53 (1998). [0062] The Scorpion detection nethod is described,

for exanpl e, %‘aTheI well et al. 2000, Nucl ei ¢ Aci ds Research,
28: 3752- ¥BP0EHAEH| i nas et al ., 2001, "Dupl ex Scor pi on PET{USTEA0§/020350

SNP ana d i cations' cleic Aci Research 29: 20.
Scor pi oi‘y“?ﬁfngf?@ é°45|655r83 P Pride Y.%?@}eserwﬁrﬂan thp bibe PurseRiR ention
at t achegiiRe K1 dhan@ gype d%vﬁ:e? e?lfcgﬁﬂgnuc?&c I&l@ hﬁcé’lﬁﬁq'eédﬁons In these

real -time anpli con-speci f| c detect ts I n honbgeneous
sol ut i odevigespthgiredgspisihatfans fypicsllzdepqstied ithin tht' h@ctlsm gitas|avoihosd wagets

dth
ot r oy arliiihe bed Roh SR o R ALY Bkt some
(1) & PGRalpof iiefolidwing a:&: d%geslsddo rsh polpﬁﬁy&ggtn@gehﬂ@sggf(em gﬁﬁ%ﬂgr’ and

the probe elenment; (iji) speci fic probe sequence;

f I uor esEeRelers & SETBIS- %tsmpbanﬁmcgd it gﬂeaneacrt@w@te@n@ldll cagnsapisr e
and que f ri

Fosul't ango gt apd bablalc AR ANR S RoBever e tERpRI R R i1 95 e e
probe, whplificitonrespgatsdibvadrigioahs teaatistedted i nisrijschived dematadadil thiloughout

stage of, each PCR cycl e. % coolln the probe is free to hind to
thi's coMSIREFERt G ICaRTe 0 2 GRASER APHGE Hiitlived newdnet aplaaml@ew;e

as _jfhe guieiGh |
PCR1 st ofﬁ%er p?%rs%%% E&g% un élgllérilca%){i@te\fﬁ a%jtet roug%& @'&Jgﬁgﬂ %)?o gaﬁgl;)

DNA pol yirenels and fl@Cegjlificationimsagess thysughlhe horixtina fIbectinohelgbesice versa.
Madi son, W) are used particularly for SNP genotyping and utilize an
ol i gonumose} | PR HosipaiRbebig: hfn;raﬁ&@techﬁ he.| 'Ph&&%ﬁﬁ)éa@ EEEH&@H h

to the target nucleic acid (DNA or R pol ym)r hismsite.

second emppdipeslspf isaaresent I8POIEY 92OR mecﬂ gmmdu@mmai auhebﬁgmmed

3ol 307 et BT REn S RRFeap s RSH PRPBARERR S B S

| nvidler (ifligage chaih eéafcﬁbﬁ $L@R) ('Seé Weu M@Waﬂgc@@etibﬂzcﬁ “ereal (19gnhad %&éﬁen
target nucl eic acid 5' end of the signal probe forns

he
"flap" %als meienge P%ﬂ?@eﬂ@é?&)a@a WQSWQOEGF\P#@P%W%‘?G Krwpk ectngires Ncgl
5 t
& cavacdrdf Sb ysA TS (08 EAER Sl RO KRR EpEANLA fock iatelt e ghy
r el easefirdd apt. icad sSai T 37t]l$ﬂ#cﬂl %ﬁ)}:)endbela) hingjei& RETd Ha@dnl&iequeﬂcher eby

formng a r stru 0 e, eayase_en yrre
This ti ?@nﬁ%@%@?gﬁ%g@néﬁ% &%ahﬁﬁéﬁﬁmﬁ%’e%é

quenehe(1988y). PROKIUERS ferefbid E@Féf‘cﬁ@é o2& giBlpordied hebR 1368 he
si gnal pr (19999, Bl deglégln%d to hybridizé Wi th e%%lﬁeuth%?éi{aﬁggtheﬁ
refer en@lﬁlr(ﬁmfmﬂﬂm%@ lele or the variant (nutant) allele. Unlike
PCR, there is a linear anplification of signal with no anplification

of the [OsYEi diaedvbr, detthinRiicde b deSighed fd cingndt tﬁ&irﬂllbﬁﬁl\éﬁ'&cﬁﬁns (e. g,
or di narIY/QSkl Il inthe art are provi ded by, for exanple

al ., Reéwathidevigetihat mcinde ana erimprastlestemariayaleesdo zemiats sqlutiosflow
2000) t f | £ X
2000) il BORSIN, bl Uhodtnt BT ip e
i nVENt | this debignanealty pmvidedver al different targets can be det ect ed

si mul t aneously by using multiple differently |abeled probes each of

whi ch i fpodgpi %ﬁﬁlﬁcgn&ilﬁoﬂﬁt?@ g%rﬁlk%ln%])gcaﬂ Rl d*sﬁﬁgﬁ%}bedggm%ﬁuer

each probe 'has a different to each targe
det ect edolateddnl aoerctibe chiruloar @s abmubbeg;uadxtstzmawsyngdnummmeiﬁhdﬁ foe detecting

the different .Label s..that are utilized, 2 yse c nb conduct ed
e whi CHAREAGE A BliEo s e doubEraaed iR draene

di f f er eftervaMRINGRGE Bfchi 43 SYBRTY, ?d’oe@f‘eteh leeBRr PRbE | e
Spectrosce(gpy Pgis?%e et al. s.)ll\/ar cel @CD!é)kker MR S%{kﬂeﬁéﬁy

Wi etthigium brmide e@«tm@wm&m e al. Al Padnpl élhemp@@ b%‘ﬂh48)mﬁt§elgel
Dekker, elgﬁygpﬁgfeléls. M‘ogrg to)}ten %&uencg-spem c Qé%ecl%o%fmelzdlgc%ra?g Gsed(te. nglgﬁcons

are detected based on their nucleotide sequence). Examples of detection methods include
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30 frequently involving a change in a single nucleotide. Such single
nucl eot i changes are referred to as single nucleotide_pol ynorphi sns
or si npl %ﬁﬂ??gﬁﬁﬁ the site at which the SNP occurs isP §%¥€Qﬁﬁ 250

f d.to. | hi jte. . The devi : L bed in,
be. ut 1 el egoR L Br RE b Tlgeh lieg SoroRPRiEdoh fe o SeE A Bl
pol yrmor gbéled &oldelar Heacdils oV¥heCUn0AALGRA Flebhiied RHSY oY 239 " PERENTT LitRed
of this capability, the devices can be utilized in %Enotypl ng

anal ysedsteaionsysignmngFREV olbasssl detpstide iss picfraradonetbéd fondeteetiomaatopling th

Tv. coptiets afvosiPEp@bEREs el hletil, IRRRER: Beoel bR RARERE o eence

copy eafbmaf donbe(repdresreaeiforancepior(ghidrhtr) ZhbeipBofe in@.dondr/acceptor

het erozygote), or, contains two copies of 5 the variant allele (i.e.,
a vari aﬁ?@? © pairbARieste) Tharerocasrseentpgiiertgrhnse Pt atp wivatedsneh that
t he net : t | ' L.Lzed: | [

vari ant ey Paion RE M BFbleY0n SR Epd b e g Rptath i BB, TS
mul ti plekemibhe phinef Bediophsres are tabwght baéthirsadfitienitietle sepmoeinibetogmrahyher,

of an individual in ny, different DNA | oci, eifher on the sanme_ gene,
differ e"ﬁ’tef%j’etﬁaé’g% (0L 1R TORHET (9AES F3EPIEEFan SPORETERBEACtESIEd, ok Bariety of

ut ifll z%éﬁ@ﬁﬁ%{fﬁhﬁ@n@?ﬁﬁ%&&@ﬁ BAAY BERRGE ARG EnbiBn Yhdctibge

reaction sites of appropriate size to ensure froma statistica

st andpoiuantitatize RT-RGRyMoleculac Beadons,rad thavadat hshes thices arm ddsquibed Hriefly
subj ect, are present in the reaction site at a workabl e DNA
concentli’eiW

r'ons. Ot herw se, an analysis could yield results suggesting

that a jpes®r OERBTtAd iémplalRRRAYBA ke cEbAPhINIARGHINE 18bL&PWitR bné BRmber of
second allele is not present at the reaction site. 15 Table 1 bel ow

i ndi catadonoracesntasPpirgnd e aprleetidst labeled withdheotheranember of the doner/acceptor
reggti qn,: |,.QuUS ' trations.that can, be
A5 S A, BB RO B PRI e S
copi es dupesdsnt extnsiorlreadtivgl, tHeelonvodndacedtot &€ spavdil CatepdudMNibart that energy
concentration. 20 Vol une (nanoljter) [DNAlL ((?g/ gL) N1 0,33 100,
transfer cannot occur. However, if the labéled nucleotide 1s incorporated into the primer and
the spacing is sufficiently close, then energy transfer occurs and can be detected. These
methods are particularly useful in conducting single base pair extension reactions in the
20  detection of single nucleotide polymorphisms and are described in U.S. Patent No. 5,945,283
and PCT Publication WO 97/22719. The reactions can optionally be thermocycled to
increase signal using the temperature control methods and apparatus described throughout the

present specification.

[0060] A variety of so-called "real time amplification" methods or "real time quantitative

25  PCR" methods can also be used to determine the quantity of a target nucleic acid present in a
sample by measuring the amount of amplification product formed during or after the
amplification process itself. Fluorogenic nuclease assays are one specific example of a real
time quantitation method which can be used successfully with the devices described herein.
This method of monitoring the formation of amplification product involves the contimious

30  measurement of PCR product accumulation using a dual-labeled fluorogenic oligonucleotide
probe -~ an approach frequently referred to in the literature as the “TagMan” method. See,
for example, U.S. Pat. No. 5,723,591,
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10.103210.051610.01 310.0031 [0067] As a general natter
due to stochastic proportlonlng of the sanple, the copy numb

present DEPIPE/ B4 np|ification reaction i s comenced dBFEWWé@Z‘PH‘é

v cos TSR it BRI R R ioneh TR Har e BORAS i Bybridizss to a
concent E&h%l@ﬂleﬁlfarﬁﬁ@[dﬁ)%ifﬂﬁé ShflifedQoseth Wsultéhd A0 Y8 ABR of ¥ Hét%@trabl%%gnal.

i nventors ave run sSuccessf ul Taq N reactions at concentrations In
whi ch t e probg itgel§ inglyides gfemmomépm: exxtion ehtheist end a[lﬂ(lﬁ@])th&mnwpame 3

anal yse u di ff r.oac

Thest: nithomes pfetREs BhAChR IR g Bl tnpls B B prpRESRGRES R and

resu t, ate.cdm 1@@5@@9 It@ﬂnélﬁﬁiﬂhtﬁm Onelad sddtion iPtyRRANS hrthdhed %J@ﬁépbﬁer dye

whet her a. given al | ele is present. Thus, analyses can be

2005/ 123k rglp epstion pusgally attached to a quencher dye. In solution, the two end
sections can hybndIZe with each other to form a hairpin loop. In this conformation, the
reporter and quencher dye are in sufficiently close proximity that fluorescence from the
reporter dye is effectively quenched by the quencher dye. Hybridized probe, in contrast,

10 results in a linearized conformation in which the extent of quenching is decreased. Thus, by
monitoring emission changes for the two dyes, it is possible to indirectly monitor the
formation of amplification product. Probes of this type and methods of their use are
described further, for example, by Piatek et al., 1998, Nat. Biotechnol. 16:359-63; Tyagi, and
Kramer, 1996, Nat. Biotechnology 14:303-308; and Tyagi, et al., 1998, Nat. Biotechnol.

15 16:49-53 (1998).

[0062] The Scorpion detection method is described, for example, by Thelwell et al. 2000,
Nucleic Acids Research, 28:3752-3761 and Solinas et al., 2001, "Duplex Scorpion primers in
SNP analysis and FRET applications" Nucleic Acids Research 29:20. Scorpion primers are
fluorogenic PCR primers with a probe element attached at the 5'-end via a PCR stopper.

20  They are used in real-time amplicon-specific detection of PCR products in homogeneous
solution. Two different formats are possible, the ‘stem—loop’ format and the ‘duplex’ format.
In both cases the probing mechanism is intramolecular. The basic elements of Scorpions in
all formats are: (i) a PCR primer; (i) a PCR stopper to prevent PCR read-through of the
probe element; (iii) a specific probe sequence; and (iv) a fluorescence detection system

25  containing at least one fluorophore and quencher. After PCR extension of the Scorpion
primer, the resultant amplicon contains a sequence that is complementary to the probe, which
is rendered single-stranded during the denaturation stage of each PCR cycle. On cooling, the
probe is free to bind to this complementary sequence, producing an increase in fluorescence,
as the quencher is no longer in the vicinity of the fluorophore. The PCR stopper prevents

30  undesirable read-through of the probe by Tag DNA polymerase.

[0063] Invader assays (Third Wave Technologies, Madison, WI) are used particularly 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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conducted only with the priners or nucl eoti des necessary to det ect

the presence of one allele potentially at a polymorphic_sit
However , %F?—Jﬂ fgHtal 1y, priners and nucl eot| des to det BE?’I&S?@S"OZMSO

presenc e allele ti at the hIC site are

i ncl ude§1 6‘%9 desidrgyprat %gé’@ri\i’éﬁl%?f Blige fopins ?@aekepta&féseap@wsn@lt
techni %SSE@&éJticﬁ% dene Helbide %'15%&@

anal ysg%l Al t hough aélnll}n%g@{%w%%B% assays have been e%llleg@)égo mterferes

gener al with plp@agﬁmggf thei Stlgl% prabede thetgqgﬁtlaldqrq a¢ifl ewch thaisthy §' mivxﬂtlmm gnal

Clon ¢ neeBP RS T b P R SRR e Aol B st TR RSl P

Si t & Or recsgragddAsLNitnidiee ’b&ifiC¥iRNGE10abe] Gallc® Al Clef¢hsk Bniyiee. NLIRFARE ©
of one or nore label ed non-extendi bl e nucl eoti des that are

compl erlhetse i 5 ien ! U miescades.dErsylestd:Tapdoaspyihe e e besv g
e o PORETIGEIE 05 RO IO LT i 48 e

i ncor pOThl'S eithd the Clédvesqenzemie.cldafed &ﬂu(ﬁ‘dﬂlﬁde ﬁﬁﬁy @ohed giddicBer and produces a
nucl eot s) |s(are congl enmentary to the nucl eotide at the variant

site, %PePfa*ﬂ@Faéd AN eereiPBECA sgnalarpbrewilkbe designsd tainduidisn with
th e t

Horise, ‘2‘3?2?? Srce R b ENGe 8 BedaBiT i iRle SR A thorpins
is pr e sk amphﬁeatxmrqfargnabwttb nofarr@hﬁaatgmtofnhmmmlmc acidd Fuﬁherfdetm]khods

and rel at t hods are .di cuss for exa S. Pa

5S4, THEBCENgD Bl Aot Gy SN gt b s Praiedsb Tor bl irrh B R
92/ 16654, AR iFnRlayPh b @aqirat%ﬁlsp,m@i% :D&- £ d066)84d tuﬁs Nfhtent No.
quantitative PCR nethods. In this case, differentially Iabe ed probes
conpl en®i@&fYl.t o each of the allelic forms are included as 20
reagents, together with prinmers, nucleotides and polynmerase. However,

read i ojpnssn Abearizoneiietrhlen t IfitallomsytaAd c@n PRl intdonfiddah #ith $he

can create anbiguity as to whe ;1er | ack of signal is due to absence
of a pafesetimenEen- ehlém@rtygq, aeHoyal diffrpntderzets san be detegtsd Smnétangqﬂslofdw

bi al | el t I;

o et ERRRE SR WA rEb P66 RAREIPUGiA N GIBKINURNES
to onﬁ pzfmtdiﬁ“ taigelel %acaea&:hl;ﬁoiad hag aldmﬁémdlﬂdbel,rbmqﬂllﬁgﬂgea@ft@getto%ﬂewc&d
t oget r t a If1catl Qn nucl eot | S 0 rase

Sanpl o RASH 97 ATRrTEoRen Ya: icioiS hige ahthe b BoreRlabals that g utilized,
si tR) I:Inaiﬁes &l 5 &naectwimhﬁh@ﬁ@mefeﬁt GORR 1ted xnd/ &&&%@rﬁt in

theta;ﬂg1 DNA, then anplification occurs, ereyresu Ing I1n a
det ect abfferept gfnattle@hﬁmmnge deaction.hBeegeigg ﬂuayescaﬂnm@ecmﬂy (Resee et al.,

et eot 4 ee DGR o o7 SRR Ao udeernt Appivls”gbmStca

si gnal spgh@aste Matadekikhe NROYBral1 0P Bahend HaAE ok of FicTRGYEde! Gdctra

during the reaction is perforrred as described in the tenperature

cont r ol ofstwemabia Meigeules, 2pbedoa5aderie B4 TNWEY00s (8Y0E0TEbY, Kolasrmad
EXPSsES 5(':8&1%511%‘11%%'0% %M@&ﬂ%e %t% E @gesg f}@e‘i, glL, é@%@ﬂﬂ%&a&&(ﬁ 31?1013,

nore genes 1s expre ina pa |cu ar cel'l-

be qual Ed. pmevgamd@mre@emmﬂl y9723 aniPHaddlaid, WandddokafElddrescemtfrabesg@ae
expressjion apalysis, the |evels of the gene s) in one cell (e.g., a
t est ce‘f‘?s?aféhé:h@mﬁﬂ%MOIP@JI?IP%OE%E%@G%WQ vel s of the sane genes in
another cell 5 (control cell). A wide variety of such conparisons can
be madel00exjanplany disvetasdmkedic gmmmenmmﬁca’mongcbnhar ofahehmmrgasmm orof -
bet ween EﬁD?lth and di segsed cells, en cells froman_in |v1dual

t r eat edCHANSHERIPY Ah HeoPPaueIsA &r? ERESTIn Grip Rl AERb S RERYS %’éPS
betageens&flch@y BrBREESA Eﬁhﬁgel@ﬁﬁfsin%w ifclcbBdé, Coith Biie ﬁﬁ‘él&ﬁﬂ%%aﬁ@&@

and so on. Genhes whosSe expression |evels vary between the test an
cont r ol retastelddo easinglemugleati derpolmosphasml @rsimplydBiRs, ind thetsite apyhich GheBINP

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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than healthy cells, such genes can serve as markers of the disease
and can potentiallé be utilized as the basis for diagnostic tests.
These gen®S 2BIEH%%) so be targets. A strategy for treat PREUSANS020250
di sease m ght ingcl ude . procedures that result_ in a reductjon o .
express’?"g‘ﬁ%ﬁ}rﬂ czfﬁ_ 15 AP, ?fil@éawsw&b%{ 5677 EoPRPHSATgSET Penotyping
m cr of | jaiEives fie\efe@inatibh bf $llethlr £ BRACH TR fnDf.el, B oBEMRA yith W6 bpied

is helpful in facilitating a variety of gene expression anal yses.
Becaus eofidach gene) cestams mwaicapias bha trfensnerbalelafa referance-typedionegygete), ange

nunber of es-.and/or sanples_can est at_the.same tinme. Usin
Che bl i e ags ot ARAHE oo E O €Lt llfe by SR Bbriadio el i aBple of
of tundihedarigit atlBleyEaNs saint PRSForEHY2R). AAHRA BhRGLIAE 2 LBEL SRR ahdl§fs,
The devices also 20 facilitate differential gene expression anal yses.
W t h t hisemathqdg of i igHentiog can bg mlieed t inlsrpbae aisinglawdiant Bie dldveayer.hag
cell ca ' f.low ch + 1 W e fr Lseased
cel l ru%s?ﬁb%dﬁﬁ%tﬁn’%eﬂ |%v?g&f %ezfg%gle‘ﬂfﬁghxg}]%éj ﬂ%hrﬁgﬂgésa%aﬂraggyg%h‘%ﬁigos
t he easéet@ininethegichotypantiarl ndivadwdl iragiiny diffdhent D2SAI ldc, ddbensisthetshfie ipéme,
sanpl es %%e run on the sane device at the sane tinme and under the
sane cofiffetenbaaies srcompbingions theepbty of matrix or array-based devi ces
are also utilized according to enbodi nents of the present invention.
CerltGai n[0866] hEsewicdeto beagilizad fadenditinggehotypingphalysdsi arey desf griel dovatilize
channels forned ip an el astoneric substrate, .(Lii second plurality
of 11 ouieBTHEmarsof BRI TR oIER D weud b sttt peafhe iRt 4 ey e of
the firgkpb HH@IE{T, fo¥ a }glf)idoéﬂbf FeR AR SsehOindBd AR kif aE ﬁwoﬂiabl@ﬁﬁw on

o

sites, (iii) a plurali I sol ati on val ves di sposed within the

first aevgcenitabings.30thsrwisel antanabisfdopid weldnmasilts sugsestingthatreheierpaygodelis a

to isolate | uti i thin _each t he reacti.on sites. from soluti.on

be ot nelororBoH iy HebAllsd 23850 of ne' e Bo St B RllRgh ! i
oversl ayTatge 0beloos infizhes tHe Adisbdrlofvosibanitht Serintt Hresedb i D1 nRaErAH vdlige
reaction sites to prevent WO 2005/121864PCT/ US2005/ 020250 .
evapor a&tivarHows exeglary SMNA senesmirghionsTthat qap begbilizgy with thecdevican desstibed

utiliz .0 conduct a nunber of different types of reactions,

i ncluding those involving tenperature regulation (e.g., thernocycling
of nucl gi ci.d anal yses). [0074] Sone of the mcrofluidic devjces
utili zef@?ﬁgélﬁfﬁg wﬁgea?%ﬁ C[’%‘P%P SRt iR 2 4 1B He%‘é"(i%mﬁﬁi tha indicaierbPNAy

"bl i nd $9C¢MTaER/B- are characterized in part by having a plurality of
bl iZ8d channels, which are flow channels having a dead end or isol ated
end such t hatVaoiet(hawliteah onl y efNAJdng/ud)it the bl i ndNchannel | at
one end (iJe., there 1s not |a separatgz3gnlet and putlet 1hpor the plind
channel ). These devjces reqyire only gjipl ngle valve Tor gach blind
channel to|Tsotrate @ regionjof the b fpg chanmet—to fornig;m rsotjat ed
reaction sirt B ranuf-geture—of 31’613 16—type[of f’rew“/“BC'ET oftel or
+ OF i o I t h

C
nore reagert epnrdueti-ng—an—anal y“’b" are—de ed—a
reaction si@s#ekeb%msj i i t he

\fl\rp
nunber of input and outputs. Additionally, the blind channels are

connectl@86flo Af 2isspertBalee feritordeshastic IPPetanng of thesample, Hie Py nppber
reacti I £ ) r I I:m : -

ampl o it BofAR ARIACHGH LA R Ahiited Sionl s FRUTILr Pl
out put smeasdrenieat. uSenaping layalgsesiusglgeettamalevizes areitgrtalyecondodied witht i on
site, the space, available for reaction sites is increased. Thus, the

f eat ur eshuing eV ceoncapigtiond appiogineiely O [0 &b, althorglthesuange

e, PR R Sy Tt Sl Y R e A0 il
react i qgensimeger saijod sithl vi dual | y and col | ectively, these features
also directly

[0068] Genotyping analyses can be conducted using a variety of different approaches. In

lend

N T

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

18



translate into a significant reduction in the size of these devices
conpared to traditional 20 mcrofluidic devices. [0075] O her
m crof | w"Eﬁ’&OOé@%sé%s that are disclosed herein utilize BCHHE}PK020250

desi gn. Ewge er.al jcraofluidic ijew ces of this tyqpe utilize a

pl ur al %% oLy mathdhe RgmMTEY ot Bsleqtidesecessaiy) te detep {Bepraserceat one allcle

define fbnﬁﬁflﬁ){ @%ol&ﬁ%ﬁﬂﬁ@ﬂt@'ﬁ@v@e&%} h&e tﬁ%aﬂgﬁ pﬂfne&%ﬂrﬁ@ﬁbh@éﬁ io detect

Thus, VI ces’ of esign al so have an’array-or reaction

howev erthe pigssnge o each| ﬂhe@qvotmmﬂg rt 8% polymsaphiceite apuineludetd

correspondi ng outputs to acconmodate the |arger nunber of sanples

wi th t hoegjessiaple B%sy@bﬂ@xw}%fo@r(smﬁgféaeﬂoﬁs%@§n@te§rm1aﬁé@e!nﬁc£mﬁw

array architecture enables sol ution | oned sel ectively through

jus® t Hevelepsdlon condusting Benwtyiriag Aedlysest Hd,utbough owimberfas SPHR assiysiblage

|solat| o) l I‘IX nce wheresthe
SREh Byt i3 b 2l SIS0l St iy BE TR

anal ys egbﬁdudﬁrg diprither®atis 30mplithntarp fsa wrgdm naclbicrﬂcidesﬂucn %o ee 1fnd of the
sanples, the matrix devices are constructed to analyze a | arge_ nunber

of samprEerimiupediateling' of heriariga siigror dvrinaent iheretost xtpnmm@ﬁoa@ﬁt@és

S A SRR IR oML 88 s v

mad8i vahylephdd(s)thatricogpydiaeivagant(sie Byd s polynasasde S"(hr: mbﬁ-dxiendlﬁﬁrnucleotlde is
publi cati or \[\E 20 4/ 9810 U.S, patent Ilca i on nunmber No. 10/
819088 IPtsIcPEfR R f DIEBERD theb SxtERiivh fe,Pnge FicgrRogated into
pat ent tﬁaolahm@latw% ddded RO bkdeﬁ&ible%&@ie)bﬁa cmxg;i

partitioning devices" efl | ed June 2, 2006 gat?%or n éhgo rg;t&ﬁlgr%nglreotlde
020 17430’21:@4@0)mt stacthemf lahfrledmonlsemtm@d:rlpuudc@tﬂeby mcefper@ﬂ:bmtn the 3'snd of

entire for i,ng .massi.v art| i Qni ng devi ce a
s o HedPhe eeR it RnERe e BRI PRy P sl AP BT ES e of
chagbensdicaios ofeatti AnSedtidend fidsdidht the MuiiARROBSA Yarpdl nadlelt Ll Rk
[0077] The inicrofluidic devices that are described herein are

f ur t hemiredsaad solpted angthpdsare discnssed. dex sxampley in/HrS. SatentVap Srie A 05 uch
as flo e t Y s fabricated
from eﬁé@%f#?gﬁg?@ gé}# éwgﬂggﬁéopﬁgt%ﬁégybcﬁg@é ally the entl re
devi ce of elastoneric materials. nsequent lﬁ%Y such devj ce

differ I@Qﬂuf RIS FHITS RIRAED PeRRIdUatsd RP BN SRR AR ooR R gneghods. T this

convenichQnairrafiafl 1abefl én'i'é}%t { rd‘f‘%ﬁ’? RS
silicon-based mataeir’l aelsy Cprﬁﬁéé ﬁ%l r?engg%(‘?l on ¢ él%g]rs proél é@ed as
vakPes r@g@lﬂs,dngthmﬂﬁ psniwd nudmfz}:desfancﬂ pelypreesse. nHomvemraaomDns[caﬂ B8]
The desi VIC to be t|| i n, copbi nati.on
ut tn' o Shitthst WS ot pisle BRER: Hibg el Bt fan il aobiily anin Shahg a0t
usef ul sighalie adelfd db3encd df%rp‘i@tnﬁﬂ'ﬁ' aﬂ%@%rfshﬁislyraefﬁﬂléd I%aétﬁﬁp R e t9pical
control . Additionally, those mcrofl|uidic devices adapted for use in

heal i n@laélﬁbc rasgtin aiEchcane dlistas rpopessiblador amoherorghisistie, tvealifierentially

m nim t Iefro the r.eac n site

this t%/%e?%& genééagﬂ pi%hfgﬁg'd Omgia eme 8f° na ogﬁ}f é]ﬁgﬁr%el ‘?@%M’“ﬁeg

r eS®r v edagsnianhixelta bgehed witesp Mﬁbfhida pridgers | nasleoi®ds /d $oKntRadeh fS@.{dﬁalb
whi ch water ,can be flowed to 1ncrease the water vap oraﬁl@ressure w fhin

the el §eptawing he fagedPNA 15 pivadupsdinta the repstipe sits. ST thsy aliste torwhihpyrobe
reduci I 5 .
[ o) fesiRBAbRk A pilecn I AuriR BN E ] SMIARIEE BEMO Ml PRt in
used ta detmtabtd sigrabad éevpebat iurtke dbétettthm a’mce oBhaed dipon ekddhocefthe differential
Preferabgag e.m ctilofc%[w dic eV| e be adapted.to ke thermal
cont acEYIR OpREIEH (E TR aew Etda 4t ShePaIHBOMRNG i1 can B delgBuioee 1f
i 53@Up9%t£&a®/ar@d§%9t§a rtﬁ&?bé@taﬁéle@lar &?b'scelﬂt af’hé?m%fc?ﬁg%bhﬂ% 3‘9:' reﬁctifc'm is
bottomof a carrier plate, such as a astic carrier

for rredpmrfomladea@d@mrzbfedumﬁlectsmpcremr@comtql dectionchpmiehat t he 30

19



heati ng/ cool i ng bl ock has grooves therein in comrunication with a
vacuum source for WD 2005/ 121864PCT/ US2005/ 020250 appl \éi ng a suction
force to WREMHRI%E| ui di c device, preferably a portion BEFASHNE030350

where t actions are taking place. _Alternatjvely, a._rigid
t her mal R@ﬁﬁn CF ORISR @ﬂh&&% @E&BS%%MIB%H%‘% %V%lraéﬂhmlgﬁ@_%mre genes
that thgnxpRkes atgartidiearRent ThE dgtggni‘ﬁg%ﬂ B 1 @ﬁhtaﬁl%, &ftg fek A is

thermal conduction resulting. 5 [ 0] The array format of certalin of
t he devieaditatvandn & Hiffwientiat genecespression evaysis,ghe tevelswdHpugene(s) in one cell

capab | {FEutoat bt ebglndf UG MR bt MR Sk S Piieson matiscello
nucl®i c(caairol @iyl Afwidaveaats of eudh conBRY¥oRY @S DeGhdic) Bxaaplds MmeiiRCR are

Such reactions, will be discussed at length herein as illustrative of

I
t he utiPotilymigsd topaceranarisen belwegsn diealth disanesd celigebatweanrnpells ant aron
requiri ng:d: t i er.stood
et 1 R SRl WA, and SRR Bomd Bl i Bal R LGOS
The devéxpesedtrn fretiaitlad toxieantiand @elid aist exposedf andado oot [Gnet Whose &fpression

anal yses or reactions, Exanp]es include anal yses of protein-I|igand

T ) ackE O rha R BRCCBEPLER BB e AhEAES BT BREdRBerapy.
Furtger : ' : ) i i -

151 051] RS 1 AP Or LR HORANS 1) BP R s ERERLS ARECHIAR Mltor
const r uthae eathyl celis tsucinggees car save ed mstkeneofithe diatae iand sargprdentially be

construct.ed .by .si.ngl e. and nmul.til soft lit aphy (MBL)

Cechni qULEd A5 BHs For Ehemasic pesfl haioesnes vl o B HEES: Aoweien ST
Unger efeing the@9&ke B bRNAGudSFotddndslfiat R0t RalreBulon F ks of the
01/ 01025, both of which are incorporated by reference herein in their
ent i r et yp-fegmlaigd gepgs-poses). Wtilizing such methods, mcrofluidic 20
devi ces can be designed in which solution flow through flow channels
of he M@VZkeThs deggt 6Pihk edcroduidiedsticdsutidiabd in MhibdiiRBRs OF (H¥Pi&ent
control_ channels that are separated fromthe flow channel by an )

el ast om@vsrtiondsBelnAd 1o faciiteingn varety of genesxpression analygesnBeesyae the devices
def | ect i Yo MToNE Qagyg%% i |

cont roI&glﬁ%ﬁ%2?&§gﬁ§Eéoci g%élgh%{}kgagg?‘%%hgn a hg%"%ﬁéiﬂor}@gfrn@%st% %HP%E:’SEd
cont r ol atdhesensd $me.BYsingribe blind figw tchenrate dedecst foridstaice 2he thgessimiessieof

is deflected into or retracted out, fromthe fl ow channel,. sol ut.ion
(7 ow commaEts op b Sinds Gl s can B SeieERHEN AL HE DA SR, (e dRARHUAISS

Usigtg craetiriabirpnsal %&m&bféssiaﬂqna&@é( Wﬂﬁslrﬁatﬂ% d%é&%%sfagggmp@a% can

prepare a variety of different typeS of valves an
r egul atsamplsobiained fofil aheadthy ¢eld can betesied ivrneflewobaated avith & saniplg &ones

al. (20 ence.288;113-.1 nd Publ.i.cati on 02/ 43615 and
V0 01/ oeseT SR8 5T ittty <S8t it e bR ROBRGS: h &% gt
punps  aduléction \wadl wesactarats of Mk fesubih pkhieltie Bvd HRGIECRe Bird &h Ak siRb Bvice
reagents are allowed to react. Alternatively, devices w thout punps

and/ or aidkswmanctirge grd ppdes the g9me qesditigndssure driven flow or
pol ymeri zati on WD 2005/ 121864PCT/ US2005/ 020250

25  [0073] A variety of matrix or array-based devices are also utilized according to embodiments

of the present invention. Certain of these devices include: (i) a first plurality of flow
channels formed in an elastomeric substrate, (ii) a second plurality of flow channels formed
in the elastomeric substrate that intersect the first plurality of flow channels to define an array
of reaction sites, (iif) a plurality of isolation valves disposed within the first and second

30  plurality of flow channels that can be actuated to isolate sclution within each of the reaction
sites from solution at other reaction sites, and (iv) a plurality of guard channels overlaying

one or more of the flow channels and/or one or more of the reaction sites to prevent
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processes to cl ose appropriate channels and thereby selectively
i sol ate reaction sites. The reaction sites can be |located at a

nunber of W QPP Iocatl ons w thin the device. For ex%.{ﬁyUélﬂﬂﬁfﬁm%%g

mat ri x ige acti ite, | ocated at.th ectlon
of 5 5cr By of EaidriBeroRR. LI Rrehinaa ReShtpEbukd  Blig

site i spinflserio€diftdrerit ifpes B resaf:uéﬂsemludmg tisébam&k;lng[t@&géﬂatdré régliiﬁltlon (e.g.
device is to be utilized in tenperature control reactions .

t her mochemasyclinmetnushag acid pealysess described in greater det a| I infra,
the elastoneric device is typically fixed to a support (e.g., a glass
slide) .[007H r 8emkof thy mtcm;fbndmdemaes mtﬂm abbsmhanadallyrteﬁertedrmhmmnse

" eact | onteteimef o hBNE 0 248 o Reiedietsed i by Bt oAl Blnd oo

can be ¢haagas vaclaay fRfw amﬂuar@ %Emﬁé aldRgd BREYCké1REd Rha ke thhiQ@8&Aon can
Because t he devices are nade of el astomeric nmaterials that are

rel ati vy cripe alb’ieﬁmvh@ blind phavesl at ope ged (iensherais 18 arsepatileyiniebarid eitletifor
i . al .

Son?, SV el L -ERUEEL bR YRS TR B SASE B P L e

detect i mgib’ﬁ&ﬁ‘d:hﬁf 1slnat cHahﬂcIl‘c@ﬁﬁ‘tn Anisslated redctioh kité.eDgring Wdahifabtuge 688isON

that i ncludes an intersection of_ flow channels or at the blind end of
a fPow f@ﬂ%?ﬁ%q\'}ce PRROFTHORE repgents fap conslyriing aanahysiy e dgpesifed pighe reaction
subst angi.ald,dets teRl i @, ection
syst emshsrl anﬁ%e B{th%??l zggpémmf“ e Igg?(?%g?\l? evi ceﬁseptaﬁ n‘tbﬁg%rgd ﬂlcggﬁ%sabl e
with t rz?adﬁltlmmﬂar[, ﬂslbﬂmd@hamm}e nvroreofet tio dn intetesneeted nBat@ktof oharmals sheh

achi ev usi det.ectors t |ncor orated into the device or 20
Chat © arbatll P scaBlies o 0A SUEL GoBLE SABICGO IR RITDE, PLGHRE BPUShe
devi ce B&a@é% cﬁﬁﬁ@feﬁﬁ&lm{ 19%%%31%'11@ ﬁﬁmh@ Arldl At fs ﬁrﬂﬁth%gé bf(orﬂﬁﬁ'sﬂl%le

general | ave a plurality vertical and horizontal flow channels
t hde i i ai\restecaolatg efddyngactionasite athe opgoaysilabhsor Bactions st@ igf mcr®|5@'htThus,

of e T S ERETIbre Yol pifnd ARG BiviEERmy BcloHen ME Bieb Bt agati,

a rel atsht‘é@{e)(g Iu&}f@&eﬁwméugaﬁds)@ﬂ@bmpﬁbmmdngh fbﬁ&tuﬂﬁsﬂer&eﬂmﬁb% g., over
t hroughput format. Thus, exanp if a different sanple Is

|t oD 14000 Taetortenary fosarul eed eellectively BRserivaluzes aisg directly
differ

nor 1 zonr e oy g Rfiei roleubf APGR g s B AR oo BB iRl
cof@uctredrafiuidindesiaee time. Typically, matrix devices include val ves
that allow for switchable isolation of the vertical and horizontal

{1 ow caorg! someRhfodithidR! &hdek o B HAUYEA 1éfdn BRI d ARH digh! oW
30 selective flow just through the vertical flow channels or just

t hr ouglgenénal, miciofloidiadeficeswichianyrehgilizBe phuslktyddmiemscting Honizenthl/ el

|1 fl h t tot | ect
unber “SToeLp el LRERE 68 sty hiieadiorcilss B0 1b8 bty ebifEfreEion nEive,
devi cesledices ofMBis22Qn bisbRdPed Ao 0PRAOZI AR s R evell 26 idf aol%rger number

conductlng anal yses 1 n which one wants to screen a 'arge nunber of
safpl ePtagariesnrus rrd earrespondingpgpuls tovenompnodatsibeilagermehier pEeanplThe

or cvent L METeafifE £ B R R BORELTRME0E ENPRET Aol bty

mat ri X sgRsiog s faticdi szlecﬁMy threwghnust thehddronvdl @8 floet chasiels, aney Slobedg for
the m crof]uidic devi ge to weave control lines and fluid |ines

t hr ougFWiseatie iRokasion pdvarousisve chasyels &y thegnatriky eges. iverqan theddind ayer

of a tvwa.laY8Lvi

ar r angenafel BEEsSt IR Bttt Sl RSkl GRS BBy

ar 80 mmbhﬂiﬁbasywithdénmdmisnmﬂlbemwf Sdroples, thenastrixalevicas aremoﬁstnmtedmdlﬁalyze a

each other w thou n fluid. co ni cation. [..e in

barti cPar HEbRCH saRpl g WP OREH RACo R S Ofbay Bivides are -
hybrids of these two general design types.

y..

- =
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10 connected to a reagent fluid channel in a second |ayer through a

via, while the second |ayer also has sanple channels therein, the
sanpl e cHERAARPE2I8Y t he reagent channel s termi nating i nPSAHSEROSAESO

r eagent respect.ively. The sanpl e and reagent chanbers are
n ol w%?m@mcﬁww ﬁe‘éé%afsm?é%lg?lwaﬁgwn% ticss (A0 BraAnel
t hat ha&es%ﬁbéd%@'@’ﬂﬁ@oﬁ’o@ﬁﬁﬁXf@?ﬁ@#@g%lot, 8. 9t Pa 'cﬁﬁdﬁﬁﬂhbérpxltﬂ.qlo/n

comuni cat i on between eac e chanbers of a I5reaction cell.
use, th819058aublighediag US 265081 ¥98dsopehding cemyenty éssignad patguicapglication No.

t he reagent ch | 5 of AF he. reagent .i.nl et. and s | e, LS i.ntr d
into the—sanpt gﬂt(l: eéi_n #é’l%wts Srugwgﬁ%ﬁuéémltiomr@t&%ﬁtﬁ%ﬂm‘g%‘pges
ar e 3 hegatiohyedckd nuadeAOE) 194011 206BC bABBIGRli¢h 1 Wr%ﬂ bY@8fkdneSin its
cells. Once the reaction cells are 1solated, the interface valve is

opened eWiretyferall perpesaspUsingiarsiielyapaatiioning denjesst a sarapibern beparéitipped
fluid c | | ' he ; hred. t may
take. p Sist i RhAOB: M8t oR uAbR B0 L ARbale SRR DS PORSILfY T
vari at i exvh,chambtlerf i cati ons, and alternatives. [00871 Accordingly, a
particul ar design for a mcrofluidic device provides for a

m cr of | yjgeh i : e Tl s T T %’H]

with N [r?lgﬁn%]ér qg]‘éhg?%o?l g?ﬁ%ﬁ%gﬁgﬂéﬁ?ﬁé ((l:é(\)&rrprl Si rﬁ%’ﬁag p uf&;ﬁ%ﬁl %{ﬂéﬁ%?part
r eald i oby uidlizisg vaaeis componémsnswdlas flosnghansélsgoatr@bchanngls, evablea abbdor and
a reagent _ch er he sanpl e.chanhe nd the reagent ch r bei ]
' 1o BBET A P TSR BACRACe i rEe BHARHG SHEHRG (henire dbvice
i nt er f agenamlofel-BfsREichAskAINCCeMebert)! sucAteliRbd hitdr bigHifftantly in form and
comuni cati on between the sanpl e chanbér and the reagent charrlt{)er; a

pl ur al i fopciggn Bemphemajtirdy of eervientional migrafluidhmdaviesa thab araformed frem plastics

cor nmur e egre e PPl dinkofinteF BRRR o ibeR IR yaB ety Serpading to

sanydl e émb&liments of ¢Rgetdent Mveltfon. s in fluid conmunication with one of
t he sanpl e chanbers or one of the reagent chanbers, respectively,

t hr ough i as -2l [ ' {.ng Leaect

be. £ of g7 5] ¢ 24 B BERRGAPHafick Diep 188 i Ot RRR Bty Fhlber
| ayer s ditdiffectnt ngtibpeystand Thes, thetdevicacarewvatfubin @nduciig dicdraddimlyses that
menbr ane; havin VWO 2005/ 1 64PCT/ US2005/ 020250, t he s le inlets
be in cﬁmlﬂﬁwegaigf%we\ﬁ%ﬁﬁa n‘idlfg% ¥ fga%garoffﬂﬁwgwcas defop HifriRe|
and t hehéaﬁﬁgsﬁnidaﬂbx%t caninddrbbrdicCOMAHE &afshBatielth ﬂﬁg&m&@@g@gﬁﬁﬁgqy@‘ber

through a reagent channel, ‘a portion of the sanple channe
pord0 onsasfple fremyrtberpantion sitesn Elevives afjthiy typainegenatad inclipiraaivnahier b6 gemd h

cont r o HERGES Pl eBdint SR e ety Sioe lafbRGrt Agvich tyden Which
associ akger winte fidieedoMtreaseiddialer dsbr ph@sire hithiR §Qddstireéli dvhierikieom

reagent channel in operable comunication with each other through a
conmon Whish shadrvine i | therelp meducingayrpryationeobwmpde matsniel Gomtbe
controll,e%gﬂq)t?l ;| ocated along a |ine about normal to one of the
sanpl e channel or the reagent channel. 10 [0088] The microfluidic

devj ces ilized in enbodi nents of the present |nvention may be
f urher ["Mlegm@é@ ﬁg%oglﬁ%e%af’rtﬁm@fm&’é@ cydmedleyiceimads whed & il i

and CO%&P/E&&%?%%@W iSHEvié&p!ﬁr%féb@E e S @8] Zic%ﬁu‘?&bynger

filed on rch 29, , Ich i1s incorp erern tor

pur pos eslaptEt éo gmke ilermalf cogtegewith tioanites{ividichivaicd. Fdindre theanierdfluidid device
pressur.e to nai,ntain, valve closure away, froma soyrce of. fluid

br essuris SURROgted by s ts materigh Such 45 Slegglic P emeopy ¢hA aEermlAte. sch
aut omat R SRR a WhRIoG My BOthrAGH Yk kélbod BEmhY %ﬁlgfég ﬁlgélh&eﬂﬁc}f{hﬁfﬁlgt

invention as described therein. An another preferre odi ment,
aut3@natrerreuidie deviee, mblzraylng deiesimiing or dastnmeric blogk may dinbatkysontact the

enpl Oyshe%tirqggéo(i%g%%/c'w& tRe %lm%te?ar%mle%%tclinnéa e%?ce{iglg'arbsréfeggg el%ﬂoéﬁ)nregt, the

heating/cooling block has grooves therein in communication with a vacuum source for
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20 source, and may include nmechani cal portions for manipul ating
portions of the mcrofluidic device, for exanple, but not limted to,
check valWR2005{1384] Anot her device utilized in enbodi rBRTASHOSPHES
present invention. provides a carrier used as_a substrate for

O a5 | bl saftieB Bire s Bt huie deuarsont TaipR pdRgEnt dpwhere the
mor e of rehfifink ald 1k lefcﬁﬁk‘i‘feﬁ?aﬁvélyy‘éhgidﬁherﬁkﬁ.?lgrcﬁﬁ&%cﬁgtg plfalté"any be bonded to

conmuni cation with ?%e 25 el astoneri c bl oc roug east” one

channel the origrediuidic devies that thbemetas ity the Aratingomdhebaking block fdrwifficient
commnitﬁﬁtiaﬁréon' tctﬁ theeS }astorreri c block through at |east one channel
formed THOF Wi tHe™Sa e er; and, a fluid port in fluid

comuni cation wth the elastoneric block, wherein the fluid port is

pr ePer a§P§0lacdbe gy Prmat efiresginfdhe dedensmeaans thedgricenrar achiave dighe |
h t : j i t . d
sour co IERBH TURER AV SR SRELLRTE AP eI 081 Qor AR AR e

the fl udediqesubeftiofof perforating kopamanbdrk uf Shdeonad binplifibgiomga gl Relymerase
aut orra':@g. system E% ag{g‘lv%i ng fluid gre_ssure or. vacuumto the
el ast o epfinEd! . deactions mil} e dispussed atdenetia hersm asdHpsirativp of the

aut Omatlﬁﬁitf BFHERIeCRBs, 3k V\}atﬁ'lgrl%‘?ﬂfxéi%éé ifi b %%&gﬁg&% coRiE

accunul at ors assocli ate the carrier'for c

2009/ 121884RCTit AsRbDbe GRS 0odlihatthadgiine qre asslimediiai theszipaeittular an
accunul atar..In rtai.n enbodi nents, the carrier further conprise
T g1 P ianE. TR O8yiPes R DhORRe! Tt Pioen SLFOT SUTY BEESOF FRalyses b1

m cr of |1‘éhdio‘ﬁs.dﬁi(ﬁrﬁ?es WMeRidR Rl 8 JTRbtem-lighnA Rl Srabfi P Ad FRERLEG)s between
different from another portion of the carrier, the material of the
regi on 485 agd saiwsceappords. drtborekanplesrant prowiigd siovghaa the present

5di Stris%%&'iigé}p%r operties that are different fromthe other portion of
the carrrer. Preferred materials for inproved thermal conduction and
distribution include, but are not linmted to silicon, preferably

si [Pcorl0PBHy The migpilyidisoiavigss disclosehhergintartypigally spnsiiupied ghleast in part
e o e L R S N T e L N B )
enbod: rtemhéﬁ?mﬁ ahdvrer m?ﬁe'm%—leiywmgsp?ﬂatidrﬂ ﬁléthfiadse(séeo B@ﬁj@i’ etﬁaiuﬁmg()) for
exa e, .pbu ILmte . I cler, | . lave been
modi 11 S %5%%%#? 1 Btlicaon g 103085 b@ﬁ?‘é“f‘ﬁw AyeBcomerid by
sour ce Bfere hBRIR th¥ir RAGEHLALE Bk Uﬂﬁ&ingéecmbﬁgaé,mp@fﬁ%&i on

of the carrier, preferably the thernal Conduction and distribution
poifi ordeyices ban locadasigoed iff whichrsolntion ftpwt theoughiflosoritanotls pHthehievice is

el astoneri c,,bl o through the thernmal ¢ ctign.and distributio

por t1 o eBoY s 2l P End AR o RRY il where Seivepth omt e fop
IS i Mpropuet] By afRRsI T canSAAAE 0PfepMRAGEH UMM thethbRR RiseffREM cBhdBNel s
formed within the thermally regul ated portion of the thermal source,

wher ei rfieflseied o peretragied fost thedlavo chagnelakith whinhref eentyob¢hannel is hesopiated

ducti . huti i o i
C o and DYRdPRBE 8 Tl bR8 B8 doffto habfigsBY Chfikolif Mok 15 Wit
di @6r i hht imembparetis deflated in® arattracdéd odtrfroan fediRy cleginenbslgiioeNbw dahde

thermal (20 condycti nd distrjbytion portion of the carrier is not
in phySiQwed ‘bfcﬁﬁlflé’?tll’ g&ﬁﬁ?ﬁd breughdhe fIeheste Heing spmbiatiops et qogtrol and

associ i . i i : i
b1 ook B r T rps of i BFR, A fn Bhedifn i) B aifoftnt RBePb AR Al umps
t he el dot wgelating bdlotidn Hoivyas dagtribedin egemsigaletsliniimged g, (2060)esgaseof

{ner o hrlace. ek Gh 2BRfedhon prits Rl s Bt/ dgbEnder <t ood 1 hat

in many 25aspects of the invention described herein, the preferred
el 38t ortB082 Dblercdeviesa pepwéed haseindeaprpdrate sachypwhps 4nd/denvalves to isolate

m cr of lslé eg i\(f:el)g g\féa%ggn ISi?e étr%vellig}q }eaggxgts gl%saﬁg{wgg go g%ét?'ﬂterﬂ%ve?y)f %er}%lcgs

without pumps and/or valves are utilized that use pressure driven flow or polymerization
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30 devices that can be substituted for the elastoneric bl ock of the

present invention to take advantage of the thermal advantages and
i mpr ovengh? 290582164 suction positioning, reducing par asPETUSHEPHEHO

S AR AR
2005/ 12236400 el o PBS108218d aPanyl GO MmBd: bf iATRht SoeatiSSy AR HEINRES For

provided according to enbodi nents of the present invention,
t hr oughgiamledn seime sraiietypedevided themsactBavsiinas localyd picths intésedion of a set

exanpl e hr hput L ncreases a factor of 4 .6, 1 d 2 d,..
o at er OGIQY SHERIRH gh BRAEBREReR e freh it tecitn te P 1oy B i oPA of Bt
ar e r ophaglael. whi l e reducing the logistical friction 5 of operations.
Mor eover the systens and net hods of enbodi nents of the present

i nventi a 4.1 Rl ; I r ;
n e splORE o tifig Bevite B 6 5BOERNE bl BHalhPLETFRRLAG (b3 G4 RRPY ine
pr ovi dereacticoisylthel aOd@thbabingrémdesail infrapthp alasioaitiiadeeicaigtypicall Ax &b
assays are co nents. of a Ta n 5 . Nucl ease Assay. [0092]

Fur t her 105t SPPE R & A81ss siite)+ hbe Fraldiarsupaes fan dirrpieaicrd onedgregrature
react i oghnhd) Eﬁkéﬂ @Eﬁsexafnﬁle? PR HeSeRberh e A gzg%ods DYRBbA Ofes. In éhe case

reaction volunmes ranging from 10 picoliters to nanoliters ar

ut i 10 z eof themmosyokingrwhathinsethe device aant heoplaced amey ofgmeatber of thannd@oling
nanol i tﬁr% are utilized. Merely by way of exanple, in an enbodi nent,
the netP8¥E and systens of the present invention are utilized with
reaction volunes of 10 picoliters, 50 picoliters, 100 picoliters, 250
pi col i t K084] sBecyise the dayioss agrrdade ofslnstaneeric matarialk that agtrelatively optically

15enbod;] re 1.0 | U 2 nangeliter ol i t.er 10
nanol |+ SRBDu3ts: ARGl YR SN 1 or AR P Br BBt eiton SDotems
nanol i t gtreSsenfibliyamolocitionson 18 thidBBuithe 8dvite Modttepiviliyh, hawever] @0&3on
Dependi ng on the geonetry of the particular_m_crofluidic device and

t helSsi Z@EGYFS at e ety Stgitaplé (v Petbindriggiomchatingnersrmrirtenrcianeofifiay d
conmunt GAhhAR 0P S LARoR! ASERS) Blartleh® THETRAHTBN Gl if AnRaGRRR from
invention provide for a range of processing site (or reaction

chanber Jubsieniiallyi temspdrantsomeridyrblzd nmens hat tdrninmddétbaida systams yat bontildfed

t he prese invention are utilized w th chanber densities.rapgi.ng

[ r o abBHD EOERLAPaRS s Arasias Soe SO A PRl SRR bR SO B e,
Merely ByidRY DRfecBdftR S adlﬁé%@hbiﬁ% deeclaVingBie MobihotAtadhis 1ieRSIdk!0PS
of 250, 1,000, 2,500, 10,000, 25,000, 100,000, and 250,000 chanbers
per2(c npthak ase separate Egmuibe dedica ut ai goad vithrikategiosfofthedgyieesio e detected.
invention. In sone enbodi nents, chanber 25densities in excess of

1, 000, O@@sshamaeicss @maziﬁgr&eamrmubéi%ﬂ géherzﬂlylﬁlﬁbl ablirblity Jfvefieh] and
required by the present I nvention [0094] Operating mcrofluidic

devi cesharizontat {lew chapndls thabiatarsest (edPumes afrap gEBechensg Secauss aghilfersnt

wel | as AHIP i

i nvention pr%gq%gggngg%o {ng;f\éggegﬁg %ang{ﬂéggké%%% e(E))Jé}rl F@‘?‘ﬁﬁf’g‘éﬁ{}’%’{% 2
det ect i large nundrer v eminples S beaediedatairen a welhtivel ehikgd ivisbeg oirdactiat ¢omditions

Gy AR DapTp st Tok. Qo Rehilo e kiurd Sopli it oosd o cac
quantit @ftM\eﬁﬁé&ﬁ%fﬁé Fof GBncaOM, aﬁ%gélﬂﬁggrx/g%gg% %f Sgge%g%'hé)qglixﬂlfoduced

sub- nanoMbl ar fl uorophore WD 2005/ 121
into each of N horizontal flow channels, then M x N different reactions can be conducted at

the same time. Typically, matrix devices include valves that allow for switchable isolation of

the vertical and horizontal flow channels. Said differently, the valves are positioned to allow
30  selective flow just through the vertical flow channels or just through the horizontal flow

channels. Because devices of this type allow flexibility with respect to the selection of the

type and number of samples, as well as the number and type of reagents, these devices are

24



concentrations in 10 narrater volunes. One of ordinary skill in the
art woul d recoHnl ze many variations, nodifications, and alternatives.
[0095] MYRSUSEHitiucted with certain blind channel typBCHES#08/820250

i nvol ve [ov.'#%gnlg a mcrofluidic devjce that co rlses a flow ghannel
f or med WRHRE upihretnalysRtey gh one WaNt 1o 5GP alargsmuspbes of fraoples
flow chaanel érelmeiﬂlapgquﬁ?w bP&Tabtﬁih MnbiftiodnSerte A% RRIREL eaniphiBnAly
end region of each "blihd ow channel defining a reaction Slt 2\

| east dneorpeatpegiard shanncls(bfdhdpqtremnbevaacﬂatlom of frenple awd feactesist es, and
then a reaction is detected at one or nore of the reaction sites. The

net hod [0eg61opS608 aiélﬁydsn@ifﬂz ﬁﬁﬁnhmi%n@ atiliheflald doftdsini fen VeRBRA cchlAytrd)
the reaction SI te hus, for exanple, a nethod can involve

i nt fodudfithymisrelledinsisvidete weaye eoniol linescanddlud Hipesihyiuigh iteadqvige. For
e, OSSR e TP AR B e

adapt edetgionlall antegdnzenty fapbisible. 4s el b Rgident to@ht dF éklmn@ thfart) ihilie-

deV|ces IS provi ccording to enbodi ments of  the present
i nvent i1B¥er deViS %ﬁys& ﬁmdq lings foer088 96T PT 3&%@ eaoh othg Wighaut priagimguid

systeng, Pzﬂ% nd elifl aS3Aku fa?dﬁggﬁ’ f@é&?ﬂﬁfd %ﬁﬁnﬁﬁlﬁﬁﬁ% ayer is

|nvent|on I nc uo escence 1 magi ng systems cou
conifr ol compehid¢dt. a 1Sagdnt Hyst cémand iea setapt wer thmmghl @b, whil@atht second layer

T b B B Db OTEAL el b B e b
m cr of Igamelecmﬂ%ag&scmmﬁespe&ﬁ/er}eams s‘aﬂlp?é‘ﬁ'{m%é t&@a:%be?@ar@%?ﬂﬁidon

chanbers, "and other geonetries. In"a particul ar enbodi nent
sanpl e SORNALIDEAtIR0 withnepshtotheathrough 4n intatface Chatmbuh@tfhaalamlm‘.eﬁm adveni t h

a 96 6ra'on.ae opetry. As.w bee

ok 11 AR R B TR R R bpoitaith hrradinirhatihs GimgersTe
enmgdi ffEiiﬁtﬁanal] t feudp eeanferfady/ie Mrdt@Mbsed ahéereapet B iatrb@idd tisto MRS fesent
mul ti pl e appl.ications. £0097 Fi gure IAis a si nplified schematic

di agr arphapnel Sopsibe Aepgsnt Bjst pedisample s mtjoweﬂ énfpélmnmlmgh@@elathrough the
enmbodi h an
opt s cariopleblet M Coply SR vhiINERE o cldq o LR BlfTercllon LAY Srdhher

pr esentreaativartilo rondksthméalctxdnmdlsm 1sbhtbdnﬂ1eénﬁetfhd:eyvdbﬁ i@\Wpendd t6 @hlse the
enbodi nent f sent inyention, from optical. source 242
Cooor el AL R Fehsp b emoE 1 bedn S s CtHATa it A TARE So's.
chegi | %HAt%Qﬁz%ﬁélP&abt%ﬂ%hif take gmé @nb e bﬁﬁﬁfgy skiHGR %E?firf‘gle'a rE ize many

enbodi ment, system conponent renove or use
wil | befaeeuuaieanﬂu‘ic@hmseﬁndskltdzmnvnst he art. In 30 various
enbodi nents, optical sources including light emtting di odes (LEDs),

| asers,joegg | Amzﬁdmgnc epd@ﬁﬁeaaedlm a nfieEbfluBc HeKEe BloGidd friazed.

These sources may b chromati ¢ or nonochromatic. In a particular
enbodi raigrofluidie d@‘]ﬂP‘F 8 pt@derre@t Mn@ﬁbmxftdeﬁfqtrzwampl@ Withy Igtnurrm of

2005/ 1@&&@5%&%% a‘i%%@?g ohRERY R m%atgﬁggi%ﬂt ioh rBachof RER | a%p%ng a

enbodi men I's’a source pr

opRb calsampii diainber mded reaganehimbdr, tha @gﬁplferdhﬁmaﬁ%iﬁ tHOfbapem chanbBMeing
700 mu. rely by way of u}ggrrpl e, a Lanbda LS 300W Xenon Arc | anp
avai | aBt ufdrewsmleeromhgq 8 terfate quayngl bavier an énteafage; vakie aagocaaﬁed

oo SN o RO TROC ROt L SPAESER MR B0 Al
char actcbamberl a lpjurhliy gé samplesnﬂntsleech Bqdhnﬂ lcaﬂnnhmmimmm& the anqﬂa aldngbans;
bei ng lJa:[plhlxrlalz ity 01'J rgagaelnE mIieQSa E:ailc % (f) golmnnelglgmatlon with the reagent chambers; wherein
30  one of the sample inlets or reagent inlets is in fluid communication with one of the sample
chambers or one of the reagent chambers, respectively, through a via. Certain embodiments
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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[0098] Excitation filter wheel 244 is illustrated in figure 1A In

sone eangjr.,%(gh?%sﬁgor exanpl e, those in which the Opticﬂ?g@lggliog/ﬁzoiﬁo

pol ychronmatic e excitation filter wheel 244 is 10uti

spectra df' t the light emtted by the optical source 242

cour se, Hrfcyuﬁ o Eﬁ ieé‘i‘:“ftsl 1P":t]grc %Sﬁ?ﬂlﬁaﬁé’%"gﬂb%‘eﬁ@gag chgmgﬁrt pgample ""gﬁmd
enbodi meid thetrbapeniinidt ai floid dobdrhi@ficatid@etitioihe YéA3est chabEBFouh aSREEkh! al
filters each adapted to pass a predeterm ned wavel ength range as

appr opr Faanaek 8 podios; afithgysagpnle phanaek andar rosiemefthe rengeat changsl Seingoriented

illustr i ' L LAt i fil | 244 .i.s coupl.ed
to compas s PagyLt st s pfeaBKERiEL L Butsl G viDE Sisoliba R RIR S
a pa¥ti contsolliegfoid iWMif I unictdnienehfewﬂ]ﬁidghmefvﬁ%glﬁé vﬂ%elebSOﬂfa%di\dﬁ?ﬂT% sample
nunber of spectral filters: yrn; 20 nm and nm, Filter 1. Afilter
wth a Comogh %V@H@Fﬁoaﬁfegwfmﬁea?ﬂ%t chigardl in prasaile pparRIniRLion with
Filter Zich/Ahdrl h bOmeh el 530; ﬁ"“%'

bandw dt?}c}@f ZI(SEI%P ter 3: o%\‘%‘f&lh ter \\fm%%)ﬁtp‘gtcg%%{%?é\?\%@gpé%t o%ﬁg‘%’gﬂ%m
ur n andcenteyebanng] lobatadialodg a lioke aROut o8 ofs ofittel satmpleshadned tor the remgent
of skill,in the art, enbodiments of the present invention are not

li mi t ed R8¢ hese particular spectral filters, but will utilize

spectral filters adapted for 25 fluorescence processes for particul ar
sanf! es[00§8} e dhemiceiividie deviedsartibized imembaiiments of the preseat iodentionhay be

use of il l.. ot his.is, not required by the present inventi.pn.

In al ter§ Her i/ngé%?‘r\,%g%t%lr?tcg,m%ﬁlgﬁc%iﬁes&hde scoépregglﬁﬁ@?gﬁ%moﬁi} Swned s,
geonet r Paientod islicatibeNumbehe®@b57, 708 be apsl filed 8R4rERbY fA00h ewBich At

drop into a filter holder, electro-optic filters, filters placed into

the opt Incgipoptehhesginder alhpwpesesq dde cpaer pkEngerarevidesricboand eetinuays fluid
enbodi [ ' ' t her .
oo nErreia RSl G168 biodthe o AE Mol soldpE 680 ordsBuft) O bause o

r adlat i pressre. pUegketientinr pecvidenfor emgithsatedisystbineof cHarging ahdhdtoatingfthe

e o T ek
2005/ 12}, , il : | | :
HA6hBed s%r%%xﬂqgf 8R82RE at &b toASIA ahﬁ&ﬁﬁﬁg{!ﬁﬂ%s égnﬂlb%’z[ @ear}i‘.%i l'ﬁlgmg a

excitation shut 246 is provided according to enbodinents
pr esent platerdhatineies dpainstoms erandmssusthesstof the mwicopfbridic ddvicadelereinrie plhten

of ac uter 270 in sone enbpdi.nents, .to. bl ack/ pass..the optical

ot gnal DI RNy a8 PpS FLAmeSptiainidsRion aiith A FRUONST PSR Gavetus,
t heaex cidudéd, ed fual iludéifedhaR#4l ]]acﬁas@mdi— AGnRIAAL pertRPR bf ARt fluidie
excitation squrce is blocked while sanples are inserted and renoved

f r om t heevdses fangxamplgebut nod limdted doy dhpelavalwes. oper ations. I n some

enbodi nents, the excitation shutter is not utilized, for exanple, in
enmbodi nfBY] utAnbilwer devitasitlized Gu embsdimanisaT ti présade ikehismplolides Feaier

to extinguish the optical. source, .
us H asa substratep or stabilizing an elastomeric block. Preferably the carrier has one or

-~

more of the following features; a well or reservoir in fluid communication with the

25  elastomeric block through at least one channel formed in or with the carrier; an accumulator
in fluid communication with the elastomeric block through at least one channel formed in or
with the carrier; and, a fluid port in fluid communication with the elastomeric block, wherein
the fluid port is preferably accessible to an automated source of vacuum or pressure, such as
the automated system described above, wherein the automated source further comprises a

30  platen having a port that mates with the fluid port to form an isolated fluid connection
between the automated system for applying fluid pressure or vacuum to the elastomeric
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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[0101] When the excitation shutter is operated in an open position,
the optical excitation 10 signal passes through a fiber bundle 248
and is div8PH2as to inpinge on a microfluidic devi BQT‘}@?POS’OZOZS“
provi de%ﬁl n chip carrier to seven. her enbodi rrent of the pr esent
i nvent | SRCHEPE @S&Hsmaiﬂtﬁtnaﬁtn FupgraL qt?rqdnaeq%ﬁm@ therqqerier may
scranbl ﬁﬂtﬁhcﬁé’cﬁﬁﬁ{% a&?ﬂntl&?atéd #Gnlafed STFHEEFHer thhkBnBRl tﬂ@mlcroﬂu dic
honmogenei ty. ated 1n figure 1A the excitation opti 1

si gnal deyviet M@@te@uﬂletrhglou iphmadd ﬁmtal oatetigl dmffenenfaﬂromlahuthermmon 26the

refraction rrbln ons. t her eof 5. 1 npi on rf.ace of
he. m craner M BAERY B SRE O elpel iR et SoSdctiSs End
i 11w n@ikic®atieh piopertidh eiB bidditefentBY¥inGRe bﬁleyp&u@@bfﬁelcaiﬁér uptdliarey
250. In other enbodinents illum nation nmaybe coupled to the

ni cr of | Bekgrialsdatimpsovs ﬂl@@@alyomdltf;ﬁp@n@d gistribytion dricheds, byt @@Wtdzgmmd 9 a

I ti N
opt cal ik BEesiteBy RRRD e By 1BrERed, SRR I EB bR BT b b ebGn o
[0102] éamwmmho’e:mtﬁem avenpdishédeafel brisposioh eat Sdémtthewatee 0. | dld
device with |ight produced by the EXCI tation source is provided over
t diodB
Field ol vy lesBlifd ot ve K1R BABR, Epbddimb S S B ACH B0 T on butiBE 4°
f | uldr esthemea sappt; fonexandetthhnot mitd/ ® 4 P@@lthtgtmhydlemwhmasnﬁwme been

hen cal d t As fl t
of - pr ot BPRABATRRS e Orimmafasratnied Sl osis Ashe HecHe SRk iiie paugly

are tingghgeal ﬁbﬁ%xpﬂh@p&e%ﬁﬁe Wiﬁit a P36 bf thecfes fﬂ?@t@fa!?i%ﬁﬂlé e

present I'nvention. In sone of these ‘Pr ocesses, Si mul taneously
exci t at apduetion dnd distribunieancpotion afrtﬁb sarrist,doi pheviiding thermatisentraifto the

reactio hanbe d.s aneo ol l ecti.o the f uor cent

si gnal sq%ﬁi%laﬁc @8@%% ltnzjgi}ﬁ% 2 Eﬁtt%fﬁ'&‘fﬁ {"ﬁ elc%%f i Bhe
charsber grefesred @ibbodivhént, thermed! BetitafioERGSEE b}f @’pljﬂﬁ? habeRe ot krwﬁtlﬁlst@)%e
lifetime imaging, .a brief excitation 30 pulseis

det ect i @nn‘erﬁwhawéﬁ fogmed within the thermele segatatedspagtien OBthe ‘thera@imcq,

time froman dhokhdak s'a?yfotme@gf SHa® hUAXIOI tborrhd] HAGadfioh 2!
recogni ze many vari ati ons ?lcatlons a Ferna I Ves.

2005/ 124i8fibEGH iS00 5f Gie02hier [0 AHAY shsioarto ammahﬁain ki sitéonasfithe thermal

anpl i ficatiaon pr SS cal I ncl ude_t he rget _DNA, a
t gnlnols‘t‘)éilfﬁJ N ﬁﬁqt?ﬁ‘éti‘od’s&l @%l%‘ﬁﬁ&d%?‘i#%”%%ﬂgnem the thermal
deoyy n%ﬁﬁ&ﬁ&ﬁnﬁ%ﬁh@éﬂﬂ?ﬁ&ﬁoﬁ gf‘{ﬁe%)lmeﬁtsrlﬁ)@%}afé%icgpwnﬂ the remainder

magnesi um Once assenbl ed,” the reaction 1s p in a therm
cycl er, ofghe carsier, ibmsntassdmttedswb]l dutremialnder efdbe cariet andaths elaswsenic block by

di ff t f f.ot Thi
t enper i A R e B oo maee Blogk gpfSand
anpl i fileatih®n gafraefoimelgaht BEQIsQIfidathbin ebiliREoh BEd aRRiIMAtioR bortion to

target ed _sequence (anplicon) 1n the reaction. Ten cycles

t heor etliedage parasifia themmal effecs spsed b 'Eltﬁ/CEféiﬂﬂadt @oubtb@mzst@dethat in many
san f m ||
oo oetfoLE RSB BE Rl B D o b L ST

f | uor eseihtny obihe Iltgoﬂﬁhlﬁclfolﬂﬁfﬂlﬁdéﬂé@&n I @t 8@t desorlbed hereid, li@f fe Of
several ,cnR2) in a tine period rangi )%Wfrom seconds_to m nutes 0104]

I'n sonedf‘éﬁﬁﬁéam@ﬁt%su&h ag Hhe Geneldm R etatfwaﬁmxtlf’s)eo%%%@har@ﬁal i&sraieens
provi de@SRyoxethP Bfﬁ’[dﬁ‘}ﬁaﬁﬁ"?f & @gf?&mianﬁﬂ iy {p@l%htjsgé ?&c?to' S@iﬁg Pci::rce
ses

capture proce at are formed Th A pfedet
I\/ter el y Endowd%ldmgemmmme Quake,am- Iﬁngmdienmﬁe mi‘crdﬂmdxplbﬂﬂfb&tscalmihmdwon a

fluidic.d d. The nethod 15
it edBvies Rl P bstiatieTor o slorme Wb S pican dwisation 143ke
| east aaa%ttﬁg@bmé tmmdmtaQM%ﬁ)rafmenfy €50Ghdiotidos %}ﬁ gere'dﬁéxﬂg

an i mage detection spatial region during a ting frane of han
parasitic thermal transfer to other regions of the fluidic device, which are descnbed above in

the context of using an elastomeric block.
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25seconds, 5 seconds, 10 seconds, 15 seconds, 20 seconds, 30 seconds,

40 seconds 50 seconds or 1 mnute. O course, the tine frane wll
depend onVPRISHZIE6H cul ar applications. (0106] In some eRbEHSAMS020250

the i d h
capt urt AT oI B Eaa et MOnBes “GorEnaEn S GmARl baMesuees!
As an exaRRli6h, thiduSkhR XREQSE ite BERidIIURS 584 Waf s t&ﬁ@fAyhﬁ dfan?;ﬁ%' ce

is maintained at a Ote erature of 92 Cfor atline perio

seconds threughputjimsreapss ofarfactor of b0, 12,dind 2demid greate aneprovidied édsane a

t enper at econds. The heat i, ng..and, cool j cI e.ls

r epeat egl%ﬁ dl%{eggge 1%6?16 Oucgﬁ?t INERIES 45 P Viderh FRHE Fedyp ‘Fg’? ical fricfion
Uti |5 zi efosuritiutis Midreowdh tidWstel¥ 230 QAR 4RGE AR 1R P25t E&Ev%ﬁﬁ&‘i

i nvention, imges of a determ ned nunber of chanbers present in th
m cr of | gRable eesw%foawhimemﬁ% hFaresampie, wmmeelﬁcre@lhﬂﬁanwr%

are mai 9&1‘%1@?511%56 st Hflzetd%%?chfﬁil&eea %fb%gtda% 0 I}ta.lpgns %’ﬁg@aﬁg;

exanpl e, an en i ré”m crof

be acquixablatthé Dﬁamysaaraeoﬁ@omﬂs efkpTaqvien Brihctedsbdsgaycrof tuidic 5
device is maintained at the tenperature of 60 C. One of skill in the

art wil foodBpr eikBbendrBSoRRREhLAS oP{he\grééeﬂt iBYert3f ﬁ%ﬁ&@&h@é&%@&é&oﬂn

over raster scanning or stitchin
chahber solumes. i ersbodimentisof ﬂ(eangsent mmemtpme reabgéi vajumds mng)ngdi‘om he

mcroflu1dcde ear ui t.ed or to S chanbers i:n a
second B {‘J‘Piﬂ Q0 ganol e’isﬁ’a%'rmlﬁeﬂm“ Eﬂﬁﬂ?‘&h{’?gﬁf‘mt RECHANCYYREs Fegter than
devi ce. 1@%&&&% aﬂe%tﬂ%&?rmf@@ﬁ% WRYOT exatHple) a8 chiFRERRef e ﬁféﬁinE &4

of the determ ned nunber of chanbers during a time frame of |ess than
one mi nsistemspef th?lp@ﬁm’mm@ﬂbbn meélélzedrb@ﬁilrmhps volumesiof 1 @ piawtitpes; 50

associ a e orophot. ed | articul ar
orbodi apEphits, TodHichiifre 250 BRLRARC 5T pRbfieRE Ml Fnd s IR ArpStive

m c1Df | ebodin@en] Ractich vaintoofErhrdlitdf)S tRRRIA Y 0 henditer 2 0Ganbiete 30
ctonsecutive imges utilizing exposures of 20 15 seconds nay be

acqui r eBAobert. HPguneliterse PR AANTIHS IR btrS, fed 1@0aanoliters mexriikized.
Vic(r), and FanfM O course, depending on the application, the

ex p?)s ur oP8he @epm;dling 08 ﬂmrgeemetrg\og ﬂ}e?mrﬁémﬁnlmﬁfmme devide arid thesi&e of the
Uilizin i i M i er ntla yorescence rati os, can
be cal cﬁﬂgﬁ?ﬂ'ﬂﬁﬁf? éggi?lé“dm%se%%@ RidSRamMiEtion paths apd RERCRSSHIS

the fl Uﬁf@ﬁﬁ%ﬂ&mﬁﬁlsﬁﬁ‘ Hé?ﬁ sénlﬂﬁlv%ﬁmﬂzro%lde' fHF%Bafn {:}8f‘ %&'}Ftsl@%fgl%ﬁé (or reaction

fl uorophores may ed as appropriate
apptQ caehagrber) dcnsmles Tnespmeesnifwdiments, shomettiods priesystems uf\thmpnemt 1nvent10n

de_fo f £l uidic d It t
P s et g i dihahS ol Bl oAb E 1 D] it abed RS whéti 1
t e aﬁl‘ﬂh@n cHaEbezOp&icniT Newneay Igawy 8f exddnpllé, |:rﬁE§fdﬂ@hﬁ@ d@McéshﬁﬂPél%&‘ﬂ&Hs

exanp may be a portion of CR process includin clica

Compor atsiopE2ath Jo190, £05e10 R SADARHDGP. ande?Sﬁrﬂ%ﬂé%mnbm@m rohare
d

oo ye o TR0 Y ST AL ot UARASY BRaBE ANy chae

reds i oahansmes it expessoif 1,006,000 chambes|per amd arnutilized) %ltﬁﬁf)uéhhﬁls is not required
chem | escence Brocess is acquired on a second tinme scale. In a
particu 3é e PIESERLBYeNRB. second tine scale is less than the first tine
scal e. Thus, enbodinents of the present invention are adapted to

capt ur e[0§941]c hOgaatisg mragdsiddé dehesiwitintuch soeli ceacfion volmars redvess tehgent

sanples_in the reacti qn 30 chanbers of interest ha¥&1 been reactjng
For an WgaSPS AROAREATIC piges: Morcotshesome opagiments of the present invention

provide methods and systems adapted to perform real-time detection, when used in
30  combination with real-time quantitative PCR. Utilizing these systems and methods, six
orders of linear dynamic range are provided for some applications as well as quantitative

resolution high enough to allow for the detection of sub-nanoMolar fluorophore
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processes, tenperature control, including tenperature cycli ng of t he
sanples i s _pro iﬂf{Ed whereas in other enbodi ments, the reacti

chanbers @P@‘O??lez 63i ned at a const ant terrperature WO PCT"USNOS"OZOZSO
2005/ 121864PC

o ol CoRnRR s 18 naf e 1St axoa T the a%éﬁﬁ%qeg@n?mo

is pr ovmgmmﬁlmgdmaMOmmmmgs the present invention.
nunber of different options of varyi ng sophi stication are avail abI e

for con 8¢

e r of 1 16R) | AehEAPELBLHUER pht U Bipdind Ehithel £9: A5cRlinldlSe providipga 5

ter m t epesofitidiedsdnrt thad doadprisss allawtchbih dnhet vithed & elastometle Wi&iadl and
nt that. ca erature of the entire mecrofluidic

S'ei.”ie 8 P I o b&ﬂ% ﬁl at@ﬁltﬁfﬁqpm@nﬁicemwmaa% Wil oy ghgnnel, ihamend
parti Cuk@glﬁoﬁ S0k Blikd ﬂ?ffﬁlﬂ il Igéf\illlﬁ%%;a'?&} g%rig]}?é l__Ai lléﬁ'sqtoé%{]eﬁgblg @itk

of chan s of a mcro ure
si npl i f indd eschhadithe feactibiragiteamanidlthersd reattiorgis detebied latad:neoamhmmlof tenicadtiohO

di f.th t t As ill ystrated
i oure TS THERBRel CComigF b e FRAT IS e pae AR Wit fRgeiion
be evi deipd, THusOR eRdmBlel 4 netiddlhs nﬁfolve xﬁﬁ@)&\fb&’r@‘thé Q&nﬁ&%&ﬁo@ﬁﬁﬁ&e&%ﬁ

isillustrated in one dlnen5|on hree di mensional sanple arrays are
pr ol dembﬁm{@mgaomn@n@ﬁmthmcmlmgﬁe pereparentsitofamt aoplifigkpraduct. As
exanpl e

UIdIC i.ces. uti i,n. embodi pent s o.the
o 65 ont MR S Eachegh Yelobh O Gphral sE ok skt Rl € BRtpeferi feahons
conmuni g m@ﬁ% mharaiel Bictofledid deticss & peoRlial @ coldidde eiﬂb@uﬁﬁentJ BFthe present
el enents of e mcrofluidic device, including the reaction chanbers

are chabP®eeéen.zed by a depth in a third dinension. The nicrofluidic
device 205 is supported by carrier 207, which, in turn, is supported
by car r {96} uppdiltisra?&Bin figuee rm;:aslﬁfchlmhgmgmmeﬁﬁ p@divmtéﬂ ecOlin O someer
209 vvhlggé’én SO enbodi ments i s clugplant is.coypled to the

carF er imentfqf ithepresent IpgniioR ghude dyoraseanceiagingsystenugyoupled to

Ther nal t}ﬁhﬁél%n%ﬁnbéulbé ! mrﬁgtgﬂs IR £daBidh S0 g&f]e%f‘%atg fafd hﬁﬁgﬂlﬁﬁfcechlps

fully below 1n some enpodinents, a hard contact t ween
mi cr of | wilthiNe x A gearaeteing mmel-@/lhﬂdanartsﬂélmqml todd. them@e,,errﬂmdiments

describe in_nore el ow, techniques. are utiliz

Sone. enbblie Rertpl iRl MG RS W e et netem Pax o
r espect rdabtidéhatiders, 8id oRef &bﬂ&n&eqﬁr@ahmgr Rebdavisne @ﬁasaﬁlpr&s%@ dgon
a thermal cycling pfate to thermal cycle the device. Avariéety o

suct? pl gesenty e widizerd ine micgpileigicaevicemitonPek 06 ataction chasgher |gn@m1@my nés

for exa ( Res rch RTC- 200
(Sout h hg&%ﬂﬁ%ﬁ?@é@g@h %p%é%gbﬁfe% ?‘% aEgAgsfe I\%B §71 ch‘{l%n g0
Techne HabsdimAzdIthe (Resane fivestionehabledhe[pitfozi tb @eﬁ@m‘nﬁms ftaions.
the mcrofluidic device is contacted with a thernmal control device

such th e U0k eat i '
the t hemwcgﬁl@ﬁé Pﬁsl%g(rac ?gdﬁﬁl‘é&rﬁ%d;ﬁ%ﬂ a{lﬁ%negﬁg g‘?ﬁg r eglg%i%lggs}\f%rt]&g
at | eastcoonbBngfo dnhembeeimntntar tdpnetsmt inventidMD As illustrated in figure 1A, an optical

200 121864PCT/.US200 /0202 cha d as a.result of a.chan
or ot UFE O 15 RV FBIOG Bt OF t?xﬁpﬁfﬁrﬁw&mw%nﬁga\ﬂ%ﬁt s,

t he t heﬂé&%hbédﬁﬂz%ffﬁﬂy @emws@n 5B &Hﬁﬂ%héﬁts%fﬁf‘e?r%ﬁ%i%rﬁfon A AR optical
silicon, may c rrprlseareflectlve mat er 1 al /or may conprise a
met al . source 242 is utilized to induce fluorescence in a sample. In other embodiments,
chemiluminescence is utilized as a indicator. Depending on the embodiment, system
components will be added, removed, or used, as will be evident to one of skill in the art. In
30  various embodiments, optical sources including light emitting diodes (LEDs), lasers, arc
lamps, incandescent lamps, and the like are viilized. These sources may be polychromatic or

monochromatic. In a particular embodiment, the optical source is characterized by a first
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[0113] The thermal control device nmay be adapted to apply a force to
the ther W{%Z{'%@Eﬁﬁ?r 5 device to urge the thermal transfer device
towards t control source. The force may Comr?gwézoosfozozso

mechani cal essur magnetic force, an electrostatic,force, or a
Vacuum FRPER T dhe Fuf SR s RTRELS (5 oPLS spge 1 v BHiGlight sottce
enbodi @Wducﬁl?@pﬁ@m ¢RI SIS Jef 8 SpattrdPRHBETTHRY ARuePIl hif do hIRWRYES nihe
thermal transter device through channels forned in a surface of the

t her mal Mesely byIwayeaf example, & hambre LASI00W XensreAralempeavailablediost Sufter

vacuum ' N ~J,0: face. .of. the thermal control Vi ce
and 5 SUFRUEERE o NOVBERCHs Wi qhls ki S i S oming s of B¢
devize pryehéndationt ad wilbbekvideaoloneof s il theLl, berBsticsl ddurdesvacuum
| evel detector | ocated at a_position along the channel or channels
distal FHEwteraed ulrgar of saille gpecialdrang i are wEble Heboingstiiled st

not excged,arRr&EsRldiheug! . an alert may be nmanifested or a
real i gnment protocol nay be engaged. 15 [0114] The array device may

mor 6 e RIPRRT o et el et B dRraisa T AEHRe S TR SThed iRt gor
out of Ehengelhed iThikieme %P{?%?%gﬁgé {9poTRMBEdRA © theah it YA 1Rk %ee}."_ﬁﬁi is

[
exanpl e, such automatic con nd nonitoring may be perfornmed Wt
an Hut owalized te specinally £ijtst mlight epitied bl ¢haeptivahsovate 243. idfidoumey robltipiec

trol t em.f or .i ntrodyci emving .th devi ce 20 f
Che. t heR MR Bl P Selsbc S o fuiblayaB Sngpoim b Bsiffien Bl hed °be
noni t or bvided A halnbér dfigecti@ilRes ACRYIHRS ©QIURS & BiclbteiniBed RAVEBAsth range

control device, A system may be provided conprising the array device
and t heas aprensiate Bereting srdcific fluasesspragrieom Beampley sscilugtatedhiarfiaire 14,

cyclingust ] ' [ (& to ..n or sen S
ot ect | S RoRa T SRR SGed s oliBF o iR R G ERel &
f orldet getfiltegs. tIanpekiddalarentHdinea, thb exdmndon fifter whett bravidddermwateupt e
could be created as thin filmwres patterned on the underlying
subst r atRsHakBfers | or as wires incorporated directly into the

m crofabricated el astomer material itself. [0116] Tenperature can

al so be sensedfiltarlodghitex withamgmtérrwaeleogthi af a8 S mes arst aspeetralbandwidth of 20
exanpl e, change in resistance of a therm stor fabricated on an

under | g sem conductor 30 substrate utilizing conventional

t echni ques can _be calibrated to a given tenperature change.

Al t er nati vel y Filter2h&ritifes voth @ eanter viseyelengilraféd 0 dior et 4 specimal bandwidth of 20
m f [ ed elastomer material. Still another approach to
det’ection’ of tenperature by resistance is described in WO WO

2005/ 121864PCT/ US2005/ 020250 et al. in "MENMS Fl ow Sensors for

Nano- f | ui di ¢ K Pe Aciiliss gvith aseanies veavalensthal 98P apsand ppetigl bangwidth of 20
(2001), ,phich is hereby incorporated by reference in its entirety.
Thi s paper describes the use of doped polysilicon structures to both

t | i se .t t . For. pol il ) d . .
Com CortB0h; Haat D e Rent tocbri b SR AR SEIPRER G SRS Prsssr insation
can 5 bgeRbEGMHEA Yo GO fRlidsl BY ot EltbLERMt il Rifide SPRMAL filldrs ?fpa??é?ltfor

t her eby optim zi ng perfornmance of the sensor for a given application.
[ 0257] freesesnsnedpronsssescionparticilat sangpies. dvioteheer, eliipmeb thegpreviotadiscussion

avai l abl e ' t tect teoperature.on regions.of an a ificatiagn .

dovi co.rageion P B of ERE DAL ot reRiia Ry (Lt et B aliereiiye

change &Ab&dim@sts! §RYirddHerd 46 QHOAddi ih ls86:8Bkict BIHREMAA UrfRkel. For example,
spectral filters that drop into a filter holder, electro-optic filters, filters placed into the optical

path by actuators, and the like are included according to embodiments of the present
30  invention. Moreover, in other embodiments, the optical source is a tunable laser adapted 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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10 Such a material could be added to the solution as they pass
t hr ough rent tenperatures. Thermo-chromatic materials could be
f or med oﬁv{)ﬁg E‘ﬁi}%f‘l ying substrate or incorporated withFRT{HF2005/020250

be- acacm 07 B Bl Eiiirs I, oo Moer bR Barvdiiecofoeds)

Anot her eravcsmmaﬁtta otfﬂleﬂA&ﬁE%E irRanfi GITPERA Xt drSshb &Y giaeﬁa{ea ohder Bhtrdfof a
Infrared canera. 15 An infrared canera in conjunction wt

mi cr os c@wltt@rm@ ip sompeiepbpdiments, de blockipass thhepttc@hggn@ltgan@aqu o itheeosical
t he entj | J t t ongr
t er | a10 e PR ol BBy BSOS o B TR cr bletlas  DepRadii P

i nf raar eﬁpphaﬂ.o:bﬂ, e dxickationeutdt if dlickéd @hide bdtsledutakinseitad aﬂcprleﬂn%]vedf Gbm the
anot her a oacgiéto tenperature detection is through the use of

pyr oel eBEIEIEASY RSBy call lgaion PP‘??éqqu? I gprpe @mp@dlmems;w@eﬁﬁmupalshutter is
par t1 C Ul otz eI bR bR Gl R RAMDIrE A0 BOGERCHARM T iRl
exhibit the pyroelectrié e ect |s ef Fect escrr es e p enonena
by mhluhemhéopmmmgnﬁamﬁophmﬂsmheenater|aI s crystal lattice, and
hence the voltage across the material, is highly dependent upon

tenper afoudf SAch tHRERGIaBbR sﬁtﬁt& & ﬂﬁra{télfﬁlrd?lq{ﬁh ®HsifBh And Bﬁacﬁpgﬁtﬁt%r?

or elastoner and utilized to detect tenperature. Qther electric
phdiforrefignal pases hrensheapbaibuadie@48ndd indvstedsoas te tmpibge exphmerpddidio

mvent | SHRGHR g iR SRRTE 43P Ol BBt et i BESREyenton
var i at i eflize qumd fipletatuidisliquad Gehl hiedeabth¥esrani iy steMBoNRIGHS HRE &M

200 operates,_in_one errbodl ment, in the foll ow bg manner. First,
¥

m cr of | BFgRse lam@éwgdvsmoge@é% rﬁeﬂ lyuﬁrraé@cbm figre hi s theexcitirion pptiead signakis
f d f -for
10 GlicuBlnR S A Mg 0 Ao 5B Gne igBE

and 5x, yinthingeeon natrfasbofthe mmrcrﬂmactdbﬁce 303.i 8k iIRNFaled iFip@®e 1) dlumination
m'crofl i c.de |ce n.a first x,y position. Ln sonme enhodi rrents one

or mor PltheHTEIRSisss Y1 PCH PS50 6 sthenapRodiments iimination
utiliz r I |
embod o LUl S (R TR SRR BBH BT 03 B Eo ol Gr RARE, Vin'
coor di mnglight, anaa aportimmefithalendlcatiomuptical miinlitheleticatpgihrintsssmtthen | n
ot her enbhodi t hi rocess .. s perfornmed automatically as the
cent roiraiscr%#u? éieY5caﬂE$§1o ‘%geé%’ t#éacal cul ated precisely by locating a
5 symmetri ¢ XY fiducial object and renovi ng any non-synmetric

ondR182] | I» somircerebasiiaenisnths ilhvireiantioresf the nti¢roflidiudsvidesyitislight as
d
ciges SR0G38RSTS: Bl bgEr Bt o R B PR e SVl

modi f i ahése@nmodanemgIanefgeaidld/eswe@eagrbhddad@mch teﬁam@mé Bkrfgiinaaeapat er

270, EIf} her adjustnents of the carrier 207 to position
uorescence applications that mvolve imaging of time resolved chemical processes and

reactions. As an example, flnorescent imaging of protein calorimetry and nucleic acid

25 ampiiﬁcation processes are time resolved processes that benefit from embodiments of the
present invention. In some of these processes; simultaneously excitation of the fluorescent
samples provided in a number of reaction chambers and simultaneous collection of the
fluorescent signals produced by the reactions occurring in the mymber of reaction chambers is
desirable. In other processes, for instance, fluorescence lifetime imaging, a brief excitation

30 pulseis followed by detection (and analysis) of the fluorescent signal as it decays in time
from an inifial level. One of ordinary skill in the art would recognize many variations,

modifications, and alternatives.
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10 it in the focal plane of the optical elenents 210 and 212 or
adj ust rrer{%ﬁ f thse optical elenments 210 and 212 to p05|t| on the focal
pl ane of YHE'GHEI®4AI el enents 210 and 212 to the carrief€ 56}?2%{’?"@29250

f f he field of
ot | re THophf ffh Sl BRCler AR AHI hen Pnstsr BPIoRu Gty e e, o
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manner, capturing an image of a determined number of chambers simultaneously. As an

example, in an exemplary PCR process, the microfluidic device is maintained at 2
30  temperature of 92 °C for a time period of 15 seconds. Subsequently, the microfluidic device
is maintained at a temperature of 60 °C for 60 seconds. The heating and cooling cycle is

repeated at a one minute cycle period for a number of cycles. Utilizing embodiments of the
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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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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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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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| arge N@H &ﬁf)(’)cﬁﬁz@n@ﬁf hife gr@seﬂf‘ﬁﬁ&ﬂt};@p Q%ﬂ]ﬁtg&dﬁkp{(sg{ﬁyﬁl 1@9 %%Jﬁﬁ Ireggéﬁlgg

consi derati ons cos arger
desi rab’h@lys&milatlommddmasnsaraad piterhativeed at the detector. In such
enbodi nents it can be useful to use a detector device, for exanple,

one or [0pz OeRgiievdyers ZdiW}bd@&teﬁﬁbE@erHﬁodlﬁénﬂ ﬁfﬂ%rfoﬂcﬂfxﬂg afageﬁ FifsE2

of the mcrofluidic device to be’ i naged. such et ect dr
al | ows misraflvédie dewce 203 w@eﬁaglwlmépn@m 20ﬁede|omaa ﬁsgdsﬂeme afitble

h ht I L
¢ na0s b R AAIC SE AL 20 DR ok o e Do sv e P e g s e
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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10 provides for a large field of view and a high nunerical aperture
to maxim unt of light collected fromeach reaction chanber,
t her eby |‘ﬁ§rzé§21|2ﬂ%?det ection sensitivity. In this regara flﬁém’é’@@zP%

used as a a t odet ectors mhe ei n.each pi xel oup of
pi xel s 8](?{ %ﬁ&g IF%{]‘S rP’&J‘% ]téﬁlmé poﬁlgqrﬁggp OT&5+- B’é?ﬁ@e @d to
produce eﬁhﬂodﬁf&ﬂe aQfsef BEh@Eystem tHEAYS sﬁeﬂ%epféc&é cHBMiRfe S drTo? 9\1&%‘ Bilucial

t hat i mage quallty is reduced or defocused to increase 15 the
of fi el tages witkethgdmasing S§§t§merh‘lpﬁle€ gmbe@memss thig prgnessﬁs pmfcemcﬂ

reactio S.u

aspect ?uaftg ?%Hpﬁ{y %’ﬁ%%ﬁ%&"@% ]Er{g 0%1?1 %ar-l\‘flﬁﬁf‘gp{eﬁ@e@ﬁdf’éa

I nt e r ogahwetrieyX Y Hriudal esjearandlrangving @nﬁ Abh-6AhmR ScodponBfts OBt écﬁﬁ’é
system agd preferably by defocussin e inmage to |ncrease t he depth

of fiel gmbodimegys, fafighs qiibe Bucialy s piiges and pympers ane Widlized dutipg

symet r L3 e I f 2 e

det ect O?l?%&%@@@?%%&.e%%fﬁﬂg%k%%l n?mﬂ{raee 5%}0&%% I?C:an&% gréonssf ze
of ,or mdﬁ'matiom:andaltmnma of the mcrofluidic device to be i maged.
Used in conjunction with the | ow NA optics, inproved detection

sensi ti pitkyY] C%d@?th"e%hﬂr@le&fcoﬁgﬁ%? 576\ %Eﬁ&%ﬂhn@ﬂtﬁ B?mecc%ﬂ‘ldér A llj(gg dtion
light source for stinulating a reporter t enerares a defect able

si ghhl . itThthetfoead plenelof @tﬁtommaﬂrdenmts 2iQ entl ﬁ@gm&ﬂ;usunemaof the rfbptlbﬁﬂ

nat ur e t he ter bei i vate Suj. t ur

o uaedem e 273 o 07 ki B9 ARl whle SF e Sptit Slrdrent oA 15 e e
sour cescard& 0T 48 pei:@ie. i pheFamed erhf;ocﬁm'eﬁt% Sthe i1 Vidvg 8sh eﬁlf}l%cé & Edtire
can be utilized to scan across a set of detection sections or a

si ngl e WetraRvidisleyice; inghdingbe pumberiefscectionishambers pfesbaticnghe thi¢mfluidic
the m cggfluidic device itself. Alternatively, |aser diodes can be
fabricated I nto another deV| ce that is placed adjacent to the

flw 2& eyi ce bein ilized 30 to _conduct a thermal cycling
i o148k h £ Hugresorat mﬁm@men? PBAPtiGHsigna genifted b thechemiaeht o

reactio
the detgeldLy /
Dot oot i B ean Teualn oS ARk e mrom o eRd i Ly o
exanpl eJ,ens siestede? Bet hnrsomnabmlmnents bfithe prémnt 1&Xﬁiti@hﬁtheéirité&m@y§ﬁ3ﬂlrle a

sensor, anductl i‘ﬁf’% sensor otenti qrretrl C, sensor tg .
el ectr 0183 FFRorkigaty SUEgE lerseyand eng orgnen &Pelﬁ'%?%laf‘? on

and r ediastA8d neRGirk 0AS i‘rst g %ﬂé&m@q D liditkels @in%[&l@h@élbﬁ@ntg ¥ewveliRat

that have dramatic fluorescent enhancement upon bi ndi ng
do) e-daublaty ead Bredikearidieoptistl oropsriernf thhibrst teas syt ﬁﬂﬂ}ncﬂmimg focal

dOUb le- ﬁ%ﬁbs %{‘E)Eiﬁéf ]tllgebz?re l§§§ 2§ ?on]%rlou%]g d%%%ﬁdd lrﬁg:g}ol'rc%nm@dcte d cﬁfrtrgé)f orc!lmary

SYBRTM siltlirthe artGr@ad rdcbpaine mhyezmhwonerxﬁbﬁﬁcaﬁdm ardf alieHGE08. BR) .
et hi di um pr.om de gro pi dium i odi de, chrononycin, acridine orange,

Hoechstmigsien sgter 243 i ilustsatgeyinfiguse §A pmprovide for blocking of light rays

4', 6- I d
oo RIS 4 A L
And5. Gegumreddfy the piesdBdBventioNd) , whi ch is incorporated by reference

inits entirety. [0142] As illustrated in figure 1A, sone enbodi ments
of the PIEHENR efelNEEARRRhY! r%:ln]d Q'ﬁ]&rﬁ¥§1§:gwgﬂﬂ5ﬁge& 8 part of

generate and detect fluorescen m nes cent
bi ol urithesptied aSSamblmtIn@pmglegrb@klsnéntmrﬂn& tyeical filtafdevicdica fer wieeel A13L: 1

I magin stemis_provi.ded in so |nents thatf utilizes an inmge
det oct (SRS B HROE 9 53“%?1 e]teﬁleen%aﬂ%}ﬂi’ £ BSSINGALOP Yy BrS§Iigg
101 i mefiodgscert o2 chéhli@mideSdetlt &hiso8Wprddcdd sy Rhd8iceflly SEMRMA NG cently
enbodlnents of the present invention provide |ncreased nuneri ca

apePt urlabeledapagmts. cas as grnente. in Ba embsdinking fa firsbiecton Dﬁiﬂne@hﬂssmna‘iiw is
approxi vpi?ete?lsyadgﬁtgﬁ) of 15558 @lﬂl)retsgenwér%issmns pro%uc cﬁ;)? e? %?st Iﬂr1]101Ne'§‘c§1t 8 (%ed by

example, Cy™3 Fluor, available from Amersham Biosciences, part of GE Healthcare of
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30 image of the spatial region using an inmage detection spati aI

region t t equal to or slightly less in size than
spati al h0@‘%|2I(])dr%1’qgﬁ‘%%‘lhe microfluidic device. Merely by Waﬁcwséwalﬂﬁzéo

th t f th f fluidi
tovi co. PRoRhubh SR 4 e X B8 bisrahain Bl wherd topsd sobishiliercspent
t he spaghibiohegiodiceiddy @&c@n&ﬂu&e@eeﬁQdyel & e%ﬁmpﬂ% ByB5 lilugr 880 availdvR®

1:0.8. 1:0.7, 1:0.6, and 1:0. I n sone enbodi nents, the ratio Is
| ess t hﬁwnme@hamﬁég@qmﬁ& i Qﬁercmrses theivse Oﬁth@smﬁwubsceemamp Ilsamqt ;ecameﬁrbg

ratio s S m W e cu

appl i ca gﬁ%‘é@ Pgéfﬁ’]n Ihlﬁgﬁ?%nrr%gre r‘%rﬂ’é’% ?ﬂt% Alﬁ’ﬁagﬁggjfsr 3‘5’}1 gmg

[ nclﬂjdeéo@ofahehmfﬂaﬂvlbzelwcﬁ aphpilized B8N eBubiple, mmn@ﬂﬁ?émsmﬁﬂhﬂﬁ'ﬂrﬁ
the optical i ing systemincludes a field of viewthat ran%gs from

about  15%CHKOYOE FHEs 1 vheghis edaptediio pags Paerescent emissionvmiogaerddy an
obj ect I I 2.6

om 5. o hoRodh @0 Mor SRHIY kit 36 RAf1BicSlinfinbaf Ehibofuich
| n geneAakgondisectianedfithe Emissiew filfer vvheelophdap&ld th pags ﬂug)ré@smsdxmmbm

sel ected rr to the s tlal giqQn of the mcrofluidic

devi ce,P P@‘F g??é(rf‘pﬁs g‘iﬁ oLfseent Flﬁg %‘?’W@j nﬁﬁ’f?emuﬁ*f"f&geé@?laﬁﬁ lablefsorer s
of 1ignt emeffogeh Chfiiratihy. e&&(ﬁﬁ@ﬂﬁ?ﬁ@@ﬂ FRALStothe E}?A‘Sssfbrnqﬁ?e? HeBUGH BN
provide optical inaging systens Wlt a range of nunerical apertures.
As an axawgeébelaw.NA ranging from0.1 to 0.5 is provided according to
various enbodi ments. In a particular enbodi nent, NAs of 0.15, O0.18,
150. 2, [0128, fh sbme EnbodiBeRb, théB?tl&hl filter &vﬁﬁe@’l‘?:%ﬂ thé &ﬁﬂ;@ﬂmﬂi‘lﬁter 215 are

spatlal resolution _of the optical imging systemw | generally be a
funct i JRoased betwreen the fipt lf:mﬁesymemrsi the seaead ﬂemgzst@tm de someofibosce. | n

sone e i,0N nific I

© o e USROS, 1 bR BRIl ANEE G Sl ol Bl ot ER L alP Hifes

t hd 5detweith oaspeut td théeipﬁr: akiRe Ash@llrhtr‘dﬁﬁfenﬂfo cmexﬁ kkillas siecirgspebnal e qeh.
cha Generally, referable to have nultiple

reactian Eflg rsn,aﬁ

det ect JRIEHEREFS %Beha?dela Toibhs Witk Al 46 des, T nEiseAe SaRcI a]ﬁﬁiBE and
if ar t

havi ng o PR FREHS o PO Sy il Bl BSCEHBRRERF
chamberbapdwidtle charactemsiigs agd/ey Slt@rpositiousyg aecaniedby the predeatinvention. s

t he prege tio er i Xel s soci.ated with each
r eaclto i c}ﬁ %?5%%8?{15”5?1 (p-ﬁg}ﬁ op ’LCBI @Eﬁ%eﬁ’ﬁ? ss1op fhugigy arg goupled to
r e@0ONSconfpufir &0, Frogid 9;! ﬁ{gsfor &&nﬂhté@éonﬁ%gbpﬂﬁﬁse demBtX eMoE'&Hr'ePESSwﬂ evident

pi xel regions, i xel” regions, 64 pixel regions, and 81 pixe
regi ondo &pe 05@% & theat, muﬂtrple@@ﬁ ppwldwmﬂuplna@mpalatam draypetmosidedin

nmbod 147 t f th

o esentiy s Pl o BeFaRE e PRk PPesckdic Vairaling Tt sogb s BRE s
utili Z&Hesel%‘ﬁtrersmfamgled mﬁmliagpeclﬂbxbé Sptic €418 @that I ays Ze VR bIRoSIE®,
39mo:ha5|d pun on a side, 5 gmon a side, 10 gmon a side,

13.5 gritltsFs a |°(H'§°fti]§°BHF%|Paﬁ’3| de, 20 gmon a side, 25 gmon a side,
and 30 gmon a side are utilized in various enbodi nents of the
25 [0125] In other embodiments, certain intercalation dyes that have dramatic fluorescent

.3

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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present invention As will be evident to one of skill in the art, the
pi xel si Z\§O éhgl detector WD 2005/ 121864PCT/ US2005/ 020250 array.

di mensi on¥? 2AWH2{8%8 nunber of pixels per array are rel aPEFUSPH5020250
al ternatj enbodi menpts, rectangul ar pixels with pixel_ areas ranging
from 1 8oL 0 480t CpRdriEn ﬁ(@tq&r_e?ﬁq Péifo lﬁéi‘?ﬁé‘}d sy bf; Flrorescengror

arr ays, citfukiRbRbhthnitoR Sads B URoHER RiEldpiladAN: GBBice bF bt dridvsion
range of pixel counts are utilized according to various enbo |nen%s

of the ghdtsents isfoersed by thesegonddgnalivsiensomns detaotye 2600in &l @nkodih2nt, the

i xel regiogns.t 000 x 3 pi.xel regqians. Dependi.ng gn the
gvai I ab?‘%?‘%}r 18?%@?@8’?‘8@ ao’{’fqya@gt,(%hlgf‘se%?t&q'ﬁ{?ﬁg’é’r@e SIS Qt’?)‘érgaar ray
may e pafviidesnbliment ae BRHEABAGS appBxPRitély B 95e SO eBRLRlCc AR
di mensions_of 1,024 x i 024 [)l_xel r;gl ons and 2,048 by 2,048 pi xel
r egi onsisattiized. Piefesably{the nixel srvefthedeteetontran2ohiseciepied tproridean area

provi de I | 1 hapacterize .several syst.em
par amet SPAIeE ik s ol B e R B S AR o e S M PP iR
for i nsinaltipls détbetOi2piRtels iper @ eidnadhhebeh rTaughresidadmmaine®f the Betector 260 is
present invention, |In another enbodi nent, a Root-Mean-Square (Rl M5)

spot di afsibarray with gpprgxinmtey 1§ Mokl Wm piseissum val ue of 17 85 I=is
provi ded. Moreover, through enbodi nents of the present invention, an

i1 1um nat,i vari.ati pn..of out.. 5% is.achieved,. Inh so enbodi. pent s,
t et s Bl 7D R P BRrer B8t qriatet s e B S e e Mo 5oy | 1
a maxi idds R : ; | diBLES the
filter n%k?u%g ﬂfrlfhare;gggrig%% ?ﬁegﬁ %ﬁg@%%{g&@ﬁﬂf@nﬁ)@f fr]r@u1§1lll ensé:ﬁ::llin?ﬂrrgtdglr

of 5. 51theityperdeventjandonpeet eing decied. Theidefsiciors e i degigned footeterha

i magin r.din N | nent ..of.. t.he pre t i nvention.
| Sonen B STURRGEN Y hReORBODE bR et 16 BB Rm G eb s
i's util flaedplicres, chivgidpliotk, dedfoaldetiaihGticey ntaaeliopiri el GpRAMbLES
adapted to performprotein crystallization processes. Addi ti onal
detla | stpleghics sl empelrmgusinssemse. glecimrhpmicallpertive malepwaes, aBymes

owned 0 S BEERY ﬁlﬁ%ﬁiﬂ?ﬁ@%@%&ﬂﬁp@%ﬁ%ﬁ?ﬁxgﬁﬁB@%ﬁﬂa&%yagg, C%c%rf{n%d
Uus P ' ' 77, .t May .20, 2004, t. .
di set ootZe (PRl et midhshoel Rl Sl Bhufite Reene P ifaaigi
pur pos edevided inhide it /¢ noEgidiéd WNAFht deditiring, MABRESRY IibesRhtdddédion,

devi ces_provi ded according.to enbodi pents of the present invention
and t heVV apdeisible svavpisnathy bsomtiom lemmessrage. iitferpatal meflestiviipwnd icpnfocal

fi e . i } r . e
whioth © Sl Bab i g aBhoc AR BN BT TN T (oo RN ncluge
olr di narscirgiiatibn pgoxﬁ:h'&y asshy werhhidues catiodhzeni cah dytevtton, dubxessence pglaﬁzation

al ternati.ves, 30 nodificatjons. [0151]. |l.magi ng system (10

Cper it iSRS A Aoy BT REeI B ORI SBTiERCoP (PGS, time-resolved
m cr of | 4H-¢l i j

T ed o e e e A S ORI P b VARG Uit

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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m crofluidic device (30), for exanple, an edge of the base support of
m crof i ui (30), conputer (110) then causes x drlve

to nove ‘?ggg(%ﬁ%%ﬁﬁ?about to align microfluidic device (ﬁ@?mﬁ?fmé[ %
xypos irst .of a plurality.of.fiducial markin

e o1 mIRAT Mol beotiod Seting o, Bt CptstiPripnomis ofr TR AR IcRreRes
devi ce alodss, kighvétinZul dingedsi @B (&g dla%éx@)" Bo%ﬁﬁﬂﬁﬁw‘ﬁﬁﬂ%@%’m@e@&ﬁ?&n@o' nt,

comes into, focus b i magi ng deV| ce (60) based on dead 'reckoni ng from
the fi xequbigationse! the fosegoings W@pﬁ?@ to [deteck 2ejzral @ssociated itk e psdicular

coordin WA
addi ti o‘?i\taeﬁl ?ﬁ dé%ﬁgfgapi d@ﬁ s S egtn? HSJH*?% h%&@% a?r‘ag’tt%@m mﬁthfi%]érﬁo{emd m the
assist adetectof sactitnesy oﬂemretrﬂm}e optﬁ@detﬁﬁniss THelvipicdlldeteR®® chibindiide BRE be
as the centr0|d f the fiducgials can %glculated preC|ser by

ob

| ocat i nfoFHRORrlIQ p¥al efﬂhﬁt?éi%lﬁs gioRikedlighé gaide depd a}ﬁyfor
non- Syn%lﬂlé tﬁgﬁ%ﬁﬂﬂféphérmd}gu%@’éﬁﬁcré&g e, MAREL %c%&% d %[ .nfe

conputer (110) then adjusts the z di hensio Gcation of foca
(100) teCivemeergpon the fiducial marking. For exanple, once focused
upon the first fiducial marking, the imaging systemthen obtains a

first xp3gporsbdess carmaﬁld%faaha&é& Jwi%hﬁl' the Hﬂ&bﬂﬁdﬁ@@w&o&k&aﬂ% f0r

addi tional fiducial markings within the field of view of 15 |nag| ng
devite sfepotate ¢lﬁm9mtefléﬂlp@@teetm@msmta§eparate efaneing and theinserafmidie dbvies

t Th h the. fj
e 0or i napEL LR Bt peredHlR SOTBN, Ko Saf Bt At £ Sipblyilecfigd section
skew angt aayrgdtebiimornd, iAfs Sdpevifionlhstiagie & aide, e aiittomRic HEARSERTIED
imge to align the i nage and coor di nat e map of the

the first

mi cr of | %Haﬁﬁ@/ Bevtraslaablestagepnd scamneddmderd m&r@scan@obwﬁaq dbagiaalgd
coordin [ tr nd ITB.SkI

st eps. %:{2 glthnéﬂplt% rt?g %cr%g%lfgrr&gsﬁ%% 1 H\}\?I?ﬁet%ﬁe anﬁgj Slg |%“8%*‘v‘?

X, Y150 op]ﬁhtmu]@pllmagbesada\tzhgtmﬂ) cagiizadt Aﬂdheol%aib_,gbpmm Eﬁhtéiﬂé maffmﬁ tﬁef:l e
system t nes r the tc istortion or |ack o

co- r egi ?Pe@ Fy ‘?f%ﬁ?%ﬁ Wig ggpl a@ﬂr@e f@F‘B‘F Aefteption Jesijenssimyltaeaudy whilg
the m Cdé?éﬁrﬁinﬂg%éjﬁg‘de&?roﬁi/eébﬁ@@&fdnrlﬁn%%uhé‘ tion of the fiducial
mar ki ngs in the X,y coordinate image W th the fiducial markings

|76 0 b Bt é?t%‘%’tﬁ#?&r%ﬁ%«%&%%ec?as&‘%%@wesﬁﬁ%&eSér%%%é A% S Icikly

the i W%ﬂ&g%lﬁﬂ@ﬂcﬂhx@@@fhﬁ%alﬁhﬁﬁré bptidall @M@ §faiEH: aPihe M@feﬁ%&ﬁ@eﬁl gan
Affine transformation, performed to transformthe i maged shape of

t hetOnetapritgged s fwegn@blfs& f@aﬂ%neqﬁsmqum@rmaantﬂmaermmi@r obbyptical
shape. By..ioR Eisrtémyﬂla{ 5}% dﬁﬁ) é TR GohRendokt ng%%&n %%%% %ﬁgoﬂmc%c devices.

i mage using t ans ormatron ¢co
asure actual fiducial |ocations and the

differ btweenthe
stored WEEA s nﬁf%ﬁ@ therpgrensinkentionr ytiiscsndetettorin thednge of 2
anal ysnécaram&adad% jiRh1Epath é@@ﬁe;ﬁ%%ggﬂgggenaw%%@@?%q q%}é%

By conputing the dlff rences between t
mat ri x epathsedpd saxamirathe amourdiod hg]ntrmﬂemmd framn dzeh dmcabm)p]wlnlieo, thafeby m

th t, i t th
br G3es PG R Trirds R SHERETR' TeyhE ADoRg rhdbs FRTbH HPCHT AaTiof
deVI ce photdiRitkRiswherer @Eﬁﬁ}ﬁ@! fr 8 Sfplb:@i@%rrééfj%hﬁéifbtd 28ct %PFIE%I‘ ng

is pOSSIbletO maxi m ze th 5 vi ewabl e area of ameerln
chanberrathgpthap being upgd *@dﬂ@@to@ agrimdgdof the arrey. pTasse tie opttt:hmaytbla designed or

chamber t erl 0 me_base ch defects
or debralhgli"a'((:i angﬁﬁth%ﬂn? u%h edz'lu S%r&hgﬂaageﬂﬁgggrnéﬁg@i(%ﬁge P%l% grder to
si gnal sSnwbes m@@deyble@epmt@mce@lftaa 8bticl Systdoh tRelslickt aerélwhi &ghof f
areas of the ambers whi ch contain defects or debris wal | s of

Ochdrtssies ¢ bfb’e Pagtisulasky hegayse She sB5<quismplatedipesomengaliodinents of the
not Caysgsehfin$6ntion 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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10 readings in the subsequent analysis. The di screpancy between
vari ous I\ﬁ&ér S, ziﬂégh as between the control |ayer and the channel
| ayer, ca P&y cal cul at ed based on'the position of P THS b020250

object in.t.he,cantrol. layer . such as the. control. lLines th el ves, |

anot her DANIERON T gveLiFe o talirSiotct TaLehSanelaRetoas fic by of
layer fiighp6italc® ih REBEHBSuctey theledi§ ksbde e RBASderhtidrs rB%iciRe object
transformation is inportant since the control I_aéer partitions 15°the

pr ot ei n 288 ARREs NA, Grmereal aperture) anddetat systenom atior] b1 B0y opticplisystem;

2A- 2C ar, I; i fal i j il rati ens. asse
accordi r?%lct%o a’]f’ﬁéugelrk‘rlggdé? ‘%ﬁ%@%ﬁ?ﬂ@a%%gg‘g% culf’#\i&esrsl |%%§g iﬁur%%? foﬁgbgghy
i n f bgurirsidéi-affle rays)/infdetierdl, arbdiearilo &ighlshiec (fabplé)cide NA ieacthachievhble
figures.  Althou the thermal control | er and qther system el enents

are not simyltpnep B r?ﬂler_@’inS&teWQ@iﬁ%’@noﬁn gq,|qlangr BXfEeTm PR giication
appr eci AL Hfibg arlﬂélfgrr 'g?ﬁ%ﬁéi@eﬂ%%ﬁ&t&i@@% 2 gﬁrﬂﬂtraﬁéousgﬁg%cg&?rﬁg#

wher e appropri at e, erence nunbers een carrie
figure |daletagicua forreasont descfiped dwveptist indmsape-pidb 2iAve€ondeyaentlyr indthis system

fi .. | 015 i 2 i i1 trated i fi 2A
o e stE a g erbTPE. 395 R 307 i) fnchiplags Goa s bedb b p v
posiihi ometa PetopEen syheini.dY akydt@R snhBIBALS of NOVENEAToWY &Ijeéti(ﬁgﬂgtof

required by the present invention. I'n other optical designs, t
posi t i of);36simultanaeys vithen imkae-side &4 of 0.36 oofo tht €N, ndticlapovidgs saserable

| ect ' i ned -.opt i gal desi ls. S d |
syt om PEEOTRESE 3 REEF BT RoBRitAiE s i ol di ng a second
aperture_213. As discussed in relation to first |ens system 210, the
opti cal [¢l3¥kedposomeenthodimeby largerabient- gl dAwcs It inedpped dbist-pida dapth-
optical igsig 8o 17tk Bhifthe RPAELELD0: Rl MYLRS. dua 12 BEROF fSus
et al i i &

addi ti onal S regardi ng ‘the optic evice ar
i 1] USt r @renter than genealdb bhireius tsleak ebmratibis anblotBdiZissurk)ofog a wivich deptd of

ggt ihf:a: ﬁéa;:gﬁjgrc]é%ﬁ%gme 21s§1n§) eliFWr'OVi %g%llb%ab e%lr]}nlugnrll slggcirgghl}»eet\i?\fgglgl!egc ion
2005/ 12 L86ARGT hi4R2 Q%pfé%@%%p?rleéswk P siBihl Hliviczh CRaBdd i %f\éi Ay &e?rln

transm ssion of one of nore fluoresceft em ssion signals fromt
m cr of | gpajunctbewidleatlal oieal syetess this objast-sidsA doadidemtion fvinlgpod kbeping

the optical,. fil device is adapted.t SS a s cted.spectral ..
bandw det st AR SR Sruade RS Bnd e CR  GHERS b if one
adap edid 0 AbRACRASCHIA oSS MIthE sifdce MdrédT. aMeIF Rinhapisy Rnagite At ed
with the one or nore fluorescent em ssion signals to a determ ned

| evel . frthesmereinheranthefes obmesieddiaideraharatinmsoincrepsing deradiventage of this

aberrati i . i ati ) l.ln a

arti ouPareue SRR ASL AT, T8 BPOE 1 QBB e o Oorigr e o
opti cal lagarthnt thd Micafkidic oystae b BSindged 84 thas pdvidedfbiyGuine eddodiments of
Referri g?ﬁto figure 1, thg filter/zerg- 10 power el enent conbination

i s presdftPEiFnt Myerinn a4 designdonibedetsed sstem.cr of | ui di ¢ devi ce and

t he detector when the optical filter device 213 (in sone enbodi nents,
an 2% s§9134] f iThoter einbetiments, theramby bs b coptenadtiag rplatidtto e siZEhef the

optical ,el enepts i igure. 2A ar timzed for the transm ssion_ and
fgcusi n&e%?toﬁ&ﬁ!ae(ﬂ(&bﬁgfﬁiplaélﬁ%ﬁ?@F@F@rﬂ?ﬁes%’%fwe“&g“ : rﬂé‘%‘ﬁ’c"l‘%fgf’lencys
spect r Um1-AGHRICIED Girtys hdVe@inBIERARI FRR 6 minE2 PBSEh! ahisl detdefr iddfpntis

centered at a vvavel_engt h L
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 related to the detector (image-side) incident NA described

above are satisfied for such a magnification.
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15 of 570 nm associated with the fluorophore Vic(r), available from

Applied Bj ns of Foster City, CA. Additionally, the spectral
filter is}mgﬁ@xﬂgég{sﬁi zed by a spectral bandwi dth of 30 nﬁFT&?W"P?Oz@e

describ re full el.ow,. in so odiments, filter/zero-poper .
el oment D13BEp T el R BR B BN ERrOTAARE (BRFFI BT S b spacing
provi deghd $i#d ofth@rdaehiéLEIREhiREs RLPBE sYRWRIIBE RSachBeB 8 dRLiked Rhsity of
wavel engt hs shorter and | onger than 570 nin.” 20[ 0158] As discussed in

rel at i offmade-chiankgse bt tha X Y-plane), while constfainfs oa theapinimemdptal voltmrfeidftley

devi ce | | 171 h eomet ry of. eel . Eor e | e .
spect rafh%flﬁ Sellre J'[sm,rerdnta % trté;?(%héeﬁ’eggw e :ﬁg?éﬁ%ulléelﬁé;\rﬁgﬁcg} V%Hﬁle%éa%”{%ﬁt&??eoﬁc@vmd
t herseof pvdriiaige tatigtidahflactaatiodstdae ihghalehudbes b fapél @r b HaseduIRNbS

of the p,reignt j nvention. Mreover, electro-optic filters as well as
filter sSIPPREORChisy S 8 g pAvitsE uppuIp sumbey ofiaseicertor gervise optigedly-emitting

conbi n | Laky ¥ | |

oo o hotiebies BUGHEA U8 G § R, Pohal bBTR Ry o REp iR Gpiirt g 1
i | | ust rihe&s(optienlf-axis sucntiatsihe total vobnse sfsich chambdriembias eqaas so Ongreater
filter gggel in.a sec%nd_ Opcrefr ating position, In the enrbodi nent

i 11 ust r BERJOTPRAIRAGIR DgEe. (featengrtensin long 4 (crogtng hish-asneat BHo a

wavigl engdifimfke cﬁ&&béﬂs%ﬁi%? QA AE W dabhpid¥® de! th‘éfrﬁgzﬂ&i Elgﬁ% M -axis) will

avai | able from Applie | osystens) and’Is charact@érize y a spectral
bandwi dgsmersflyassulirm adenger biuf pf the@harhbersmege atghe flétetter fo2 2ivensbidhpitled

to t 1t f t Si i ated,wth fl . 1 tti
at i I (o BRBFRE Dy bty RRS Seuithib htiann o AORR BR BeRS renien b
short vV@eveheng biluriiRetd Rihs @berkARnoRAd 6fkr SARS! IHEBme Weations, this will lead to

2005/ 121864PCT/ US2005/ 020250 [0160] An optical el enment 226 acting as
a zer o-penesr dedpverobiectisidaNar dise@f plowerdin denspystem adlows for greater depth

e di Ll tan/ - i rQVl a_gonpound
opth cal Cap S hephe it LSRG o CRURb G Sn AR | FRe BRBC B o
power dwithdwetgensrallylficanhednbrdoimteatkstdk iethe ovtief @ipaal bdiwe&Datfacent or
enbodi nents, .the em ssion filter wheel is rotated to_nodify the
Sposi t | st 01%@6?% |1 Shis ey o2 Bowker denstty @A rhasnkerpin the X ¥ phasier(thermlers
fromt . . . P ; 11 on.
The. zers poum BRTIR RS SR8 bl B Ly ER OB RATS QLIRS RATE 1P
cor r ectchambecholomemiay tebleapt targeoy extensictiuatite tyantbees mdt (pmedlleh ysthe optid

"bluye" ths. | | fi di t, .t - doubl et
o 200 AR I GRpr R PR Ui £ VPP 10 SRRl

associ ayRée WliBed ¥ sg%iﬁ? bPreabfiiAnRES AlloWsdbr hBrd dndRIbBRARIR bk the
exanpl e, Famr 0161] Tn sonme enbodi nents, the zero-power doubl et

i s f abrdesesteravif pastalloin inendlightlimited heplistionsdivherertagher Nl imob f

f yval el f | &, P41 din fi
28, ' pieoaiE R bR St Bl 15 B0 fgn Pl syt Bhiaot ' 2°

speci f i ghotsBhedhingbmpled cizoRiBtapovesuch @yt atdepable SWRROIAL IR 8 1RV er
with the optical elenments 15 cenented together. |In other enbodinents,
al 28r natypiga magnifeation ] Gl maydw suabip, partisarlasly i dh & NA/@Aeorahorski | |

t hr ougober MR S Ve s SEhieEbudeNE. Prinitednerdly Vi SaaniAse
aber r atyRde NA £, RemPtiHRnd N A1RAvdbld 6:25 AN torlfAdOIhd: QYERarel

illustrates the first and second | ens systens with the em sSion
filter rahedionfinsegtiomlossts ép theatetastpr (Nt Fdh36 torD.§ e adppiodi GER).
illustrated in figure 2C, the spectral filter

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

=D

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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20 228 is centered at a wavel ength of 645 nm (associ at ed vvlth t he
fl uor ophor Rol a avail abl e from Applied Bi osci ences)

char acter|§§805g§1834spectral bandwi dth of 75 nm General 9T’U§?@5’020250
spectral filter 228 js adapted to transpit fluorescent signals

associ at SdtaiR 8372y perstynbralkios ailares Mo detineddy Naws Nehgd Aad denfiroéfpquy
t

20300 Kbkl oS SIGH rgTES! oINS HRAEL SO A ST Bl

act i ng that lasspeatmponmrzed@tuﬂnleektacmrl Iri sish rea:tbedtmamta‘nt garr ee Mﬁﬂlmume

enbodi naa V\f?l ter/ ero ower ﬁl et. i shg)r ovi ded g ound

oheT o el e ooy o EEABTRT Sial it (38 itineon iRl FEF o or Bredbamy the

powar C@Qé)bﬁﬂhe %ﬁl@ro(ﬂﬁkﬁ@ H@ﬂcef foly® ﬁ%éﬁ o fest su%ﬁ%ﬁ@ﬂeteétﬁr zﬁRﬁFS an increase
enbodi nents, the emssion filter is rotated to nodi

]POS| ti on the mepeificetioncethe ﬂmlqabmtelmpmﬁ énancee(WMmd@e comalmt{orm)thngger NA
oper at | A SoeiR i AERPIOBE R ENBoBREL M5 bt ettt sgrpe-

2Cis dgsnegeatbﬂmsie@ﬁt’ﬂaeti}dm&uﬂfivé&ﬂﬁighﬁn@ﬁﬁﬁg ady mde:tttahgmu}:ed by the
optical systemat "red" wavelengths. In a specific enbodi ment, the

S N A S R e R

correct or chromatic e wave assocl at
t hd 0enmimevides forateme fiztd oftwéamnd b highopinoerizal ép&rtu&xta nipdxémiAeGke dhount of

Conpari.ng figures.213 and 2C, the_zero- ovver daoubl et jllustrated in
1 gur o 16t co e el SO TS FeYeatisrobe sle;eqio@o%éégml T ke
lens. SERAEBMheASCIYiSEdE 288n hitay 6F Z{%‘fék&lﬁtetcﬁbr@ lee ea%ﬁ‘ pixetor %?ﬁgnogﬁ’xels

the corréctive optical el ements 226, an
thei r reessepsmidy o # kdaroms chameed wtngrth@ Tmmglusteﬂa@ ptddaye frelnmge e tlecdray.

Fi or strorr g oper B B phoie PRSP E-dRaPRR Rinthecd Rt e A dptierease

Si 28s, tht Qépth afidielit dfeke GRidalHsteB @ Aee&IThéreipht fbmidih te%eﬁon chamber. In
systen acr oss different filters which pass different wavel ength

r egi ongompashodingens dtkivsefthiocmpley highfagpeck pasio; @a@qlmarsmemba@, tohat
d
R T S R e T

al | owalslysteni, and} bat‘draﬂdyﬂ)yetefocammg:ﬂnb imhgial zﬁcr‘eﬁ@rmelﬂépfﬂebﬁﬂéldr ERe bf 8Tow
ener a | aces Ii s, on the maxi mum spot or_ bl ur sizes

chanbezﬁ gf Qﬁfé

al | owedV4t eItSr?érsfF%a fyplalya bi tt&atmetestlrleawﬁmdapﬁ@s It sclosnse i to

bl or,

e bl L el BB O S S oF othd CE T Rl bl | S oL BRIR0 s

at a dithé emeant ﬂwawtcefhgdlh deveige tmbe( inaged f Usediinfdonjuaction with sheplassiand

inther d wavel eagﬁg{‘er? 51} . This, benegfit is useful in cases where

the ové)lp F$ IEEEE fHoT} Sensttiviy comnke 1eB28he, dependi ng on separate
signals detected in, e.g., both the red and bl ue wavel ength regions,

t her ebyl013ir 0di d?&CtQﬂéw@ns:ﬁtl inplude adight heures farisimatating a raltte'ted theat gsrmratns

provid p 1. S eC|f|c odi.nent s e 2
k11 O eRtaatt PRRa ik R sy SRR et BRI G e abREn
corfectrépyter eemgmmmte@ P fabl /e BouTBes ih6ludé, But aklnvt R eb, latetshRiser
optical_train in _conjunction with filters of different wavel ength

pass bardiades biteightishuicer and W&hHPWnQIWela@@épef agpser frentpized dhe laser can be
f
| nvent 'ugttatd g&;l}‘éﬁxll a&logét( %fa ih gbgléjtgcg{ %gas& 1d ééﬂ{t%ﬁ%&&fonefﬂaﬁ'do@deg

centere rst eng i‘on-occurrin
nunber caf be aacnolfa:lmcated mitte rﬂse mcesﬂmﬂtcl devize ﬁmséif OAltHﬂndh@el?,ﬂa&éﬁdidd@s can be

R i e
figgt Wo¥ehRRIA herm¥BMeli ?Ebtabtlc;n suchgheftlﬂ?elﬁﬁgg(ﬁ%hr iy o dﬁ)ﬁ@ls%f'eﬁﬁaﬁtmto

invention illustrated’in figure 3 X reaction
chambetlse dgtectiomsgetibn. | n some enbodi ments, the first wavelength is

43



WO 2005/ 121864PCT/ US2005/ 020250 enbodi nents of the present invention.
Mor eover $ccor di ng to alternative enbodi nents the reaction chanbers
are char X9 &iW&8%y vol unes on the scale of nanol it er sSPERFHI5/020250

chanber sities.on the order of hupdreds, of chambers per square
centi meltoi& [g)fge@]m’lt%rh’t“é(o ejadmunbon oF Bof-opfirabrpprparberacusll. Bonexample:

cent ef e Abtedtop B4 WRNACRN oty I8 PRHERENRY sBnd: P ALBIIBEE IS | 1
a nunber of reaction chanbers present in a mcrof0 ur di c devfice

accor di pajentpmaitiepinsol (segvpIbtletiiedg) aed/entn ampantietiv. seAsori(é. kLt mahibet
in figur ugber. of the reaction chanbers produce em ssion at a
second %’é@%iog%ﬁ?ﬁ%{}gfagﬁﬁ?ﬂ 2." Conparing figures 3 and 4, sone
reaction chanmbers produce little to no light, while other reaction
charber§14klodredainiigistcatitiopdyprthat that Have dramaticdiusnescent enhancemeninipon
wavel e AT velength. O urse

col | ot radng QR add A DA aly BR300 ABHERGA, r oiR i S fndea
i nsi ghtDNAL oart beusedito deteof dduble-sthadtd ahppfi aLDBPE SERGEy dfgititle BH&

el e PGS D AR B 6.V R B andBRe CoRon (e MALNIar PSRG0T
Ref i  fa . |
et errigigheh ORE o @iﬁgﬂl?rgfslﬂ&aer, glﬂgylélhﬂﬁf)?@e, &P&B%Q?Iﬁt %;rltdéréeéé@i/g%, £084{E

illustrated’in the fi enera groupe

wavél eriZh8bBetdd, Ygyedh and DAPI (4hetdiaeddinesdeplemgliindole hedpeatdoride) v.
Wavel en of 525, .550, and 575 nm.are jllustrated in figure 5,
genor ol P QR RES IPBH iR Pl P EGLOBIHS PRV Spbeiudnal
Vavel engidis 6@?194@1“1,94§Qﬂ99ﬁ§ﬂﬁhi5ﬂ;§siﬁ&lﬁbﬁtéd‘ﬂ%&%?éréﬁc%% itE'et{lﬁ gyt e 6,

generally associated with"the blue region of the optica ectrum

Wavel e of nd 606 nm are . illustrated in.20 figure.7,

gener aﬁﬁ%@s sBE S%ng 3%%% ﬁ%ﬁ?el ‘%’esaml’eggfbcf)) ﬂl%‘?nléﬁ t%‘8 Bfeisﬁrﬁlm‘éeﬁé?}? P[?r’ﬁ“?e a
Fi gur e 51 iraging systéh adagted tot %@eﬂa%d&iéﬁécﬁﬂhbﬂebdéﬁi, leBéRurhhebdegtlr € 2A,
figure 6 is calculated for the lens systemillustrated in figure 2B,

and>f i guelamimgseentAnd nthersignpls from the micsoflyidicalevice! dst:1 dmeging pystergis e

2C. [0 - 1 Ed j ?%lﬂ i -di jllustratin Y
uni f or Eﬁq%dgdsﬂl;g o&eﬁ%dﬁood?]ﬂg{flﬂs p{gg%étsggﬁg%?%%é&geé{ nudsé?lr? 8 %Ea%arge rr%g 35?%%? ©
of the tpbesmaged Byepioividing 11 ifvagingef 8 largb deldadfatiéw,eomi the trdenaf se98ral 6m?,
plotted as .a func tihgn of the Y. field,in mlljineters for the aqptical

syst emFPIOdERFt eihemreseptimgension prpvide ngtrerhimRerisel epegire G artieal
rel ati \é9stb1|nE.UE'e@a%Is% A TCOHSH dftiolHEY isApfloRiBRes Rlpdifodhl BINAS, the

greater than 90% 169] Figures 9-I1 are ensqu energy di agrans
f 020seveeraaseanbddpravited bycooredimiypdimer9of the ppsestanvernition endtilothe collection

some optl cal..systens, . a asure of.the optical system performance s
tho. endtssirpIe HReien: SR fitineSsrion e Berampabing atachon vOREEs Sh g%y
in a speddrfdfede ecrhs af ndmBte@andRhiob ﬁh@ﬂ)tph@reféoﬁékﬁﬁraﬁonstélﬁh% bafek bPD,oof
the encl osed energy i |l otted as a function of WO

2005/ 12¢peqpar/ s 9;510 mgnishastig fuoplels conesntiatienscis mpicodielay ianges
F1 gur 6 PoR 84 Bl K BREh 4 B%, 0 T, T on 198 mn from the center,
condr oMl chdEHORES madmicnis piate oFeseh SR ERpH T ImAgma S0
{1 qur o g2 eich Ry PRRCARS forfling, 1, SRR a3 VAR AR ok B Mt

i s per fstmerme tharstijen té alsdut 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



Fourier transform (FFT) algorithnms. Figures 10 and 11 are ensquared
ener gy di‘? I the lens systens illustrated in figures 2B an

d
2C, respe iz@gflﬁjs(%{‘n these figures, as in figure 9, di f PELUSEAF030250

included. JOLl70] Fjgure 12 i di ' S t] ield curvature
and di s g egmcanpe 1 L FHE b ke dBlol bifig B3, 1 10,
enbodi mag 1:055. THeomRE eEHBHINMNE Md :afe ifTes Hat VOVAITHRe bertichlabStibaked
for wavel engths of 0.525 pm 0.550 ism and 0.575 pm_as |abeled in

t he fi gueely pranpieny; of the satioselictss fothetimaginglsystemawididliependdrethgphsicular
W th ne&%g%@@e di fference between the various wavel engths on the
scale o . oas illustrated. [0171] Figure 13 is a diagram
illustrating doubl e wavel ength versus focus produced by 15 systens
accor di Wé“‘éﬂ %S%%Pﬂ@men%f theypptipl dmeping syvienindndes afield ef vieynfabout
the chr t oGal [ 1S d ] . {: .
wevel erigth | 5 ony af SUEF cighobincety MR iR EnRirg SO R o 18 of iew tha
cover s tahgesiame labagt them arigem fto avoid GmmStom. GG anioule dnibodihiens, ad objebe

maxi num.f.qcal . shi range is.214.3702 p.mand the diffraction |imted
range i elﬁ??ﬁspr?fi ﬂ@ﬁef P%_éﬁtcm%éu% 21@ Cip e Eo Py 307 SE1S 3 Y s 4.5 om
214 P. ' B3N, SAAM QY914 s bRAIGAL of gbRBRCHoARIEGLALS SHU Y optRAl imasin

ncl udes consi

anal ysis of t'he system performance, generally I eratro
of lhhe sypiem isisglsstedto eorraspongin the spasfabmgion dfrthgemepfbidic dwiei foe epdmple,

t he def ocusedcf ot s vgill egcee%ﬂt hﬁt gf tge i n-focus spots. According
to enbod! FERPESHE HBYBPELEATAPRY SATTRRAS O EPS chr omat i ¢ aberrati on
is corrected through the use of the buried doublets discussed above.

I n al t el0A4%) v ™Masereni avehpdimentp ot thalprefenisavenfisn provide aptidal ineaingsystems

achi ev i f e naeral |-y .0 ined a NA e
ncr casuih et EE ninoBEhl BEERRE AL RERR N Nangh @50 Henlhy B0 54 1 6
a:rg quirodida@aamdiﬁglto saimteﬁﬁoﬁﬁimﬂﬁnlgtafw” mm)d dﬂﬁéﬁtﬁNﬁl@ of 0.13‘, 0.f18,
e i t the present jnvention, As illustrated in the | egend o
fid renﬁi0-2{)&;%9%5%6;33‘1)9-4\3%@08@%3 in the green region of the
optical spectrum (525, 550, and 575 run) are provided with the system
at an dpt46lal Thospatiapesolntion of fhie ogticd imbging hestapotillgeagmhinbe 3@unction of
illustrated in.figures 14-16 he lens systemillustrated in figure
2 vas ¢ e ob e IAGE RS 1o delaumg deviat ol sasyabndBanie o egutospt

+100 p.iAvé&itiocdethe %&b?zﬂi’bitioﬂ g&luﬁ%Q:fnquxf RetSembolfinents) and t151e size oﬁ %13 ptiyi-'e(las

2005/ 121864PCT/ US2005/ 020250 respectively. In figures 15 and

same wdveseahin the detectonwily determine gheorumalfer of pixelstassmiatepeih cach maaion

congi de ; ' 7 [e spet.diagrans for selecte

vl oriiiber Q. B1F Bt oitle Bhfe BRRbIS ISR R RS PrGE it as
I || ust rreh@idnichaihbér. IFRG@REPLe, flaGUictiod Charfibétis A5 daf 418 sief @ to nine square
wavel engths in the blue region of the optical spectrum (486, 501," and

516 nmpPisglehpving keidg dinensiarhequsl tor nwat wilhowpkap veith the eesstipn shamiten in the

gener at . | a 1) [ in fi es 17-19, the lens

syst em ﬁ HE%@%? )tésééyl’ 'nq‘b ?%E‘F%O@iég\t}\?ag&ﬁ&?lme {e‘gcf%%i R mf@”é% thegntppher of
spot dimgelaasocialedwhidi €ghatactidhAhgnb@frafies Geus] anrtho. LY etbmple, 4 pixel

def ocus, respectively. In f,)iéeiur es 18 and 19, the sanme wavel engths in

t hé>bl JESiPRyPaxdrogings, d Pl reglonspdt pixghieaions crakdaraigns, A8 pixel regions,
T ust rgut Gl Boibh OYURE 8%%ixefl i'e%icﬂls%ré RELYLES Wil SRR teafldn Hdliber 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,
30 4 pmonaside, 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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extendi ng outside the 100 um box shown in the figure. [0174] Figures
erbodi meqtOBREORAET S0ont T nvent fon. Ae (11 ustrated in PRECREGREIH
opt ot &SP oIR8 B STl bt S ke,
T Uot r SY SRCUIBPpR IR wIIASHS 98 il £ CRREHTMM BCa SRR A 20 O
250" bl St oS o e TGRS, Sl
fi gur esradge afixdioonhRArSHMPzeNAKEN R g??%%ié’t}steﬁﬁ?oord et o @R géseﬁljlﬁvention.

opti cal spectrum are considered. 20 n an alternati
enbadi ndrey diewisiing gangs frame Sp2 ¥S3A phichvesmerisdo 3, 00t BeO00Ipitelaptibnal

relay i i system i-s.Rrovi-ded incl udi ng nodi fjcatjons, to the

opt | Cal DERSREEhE RABPHI A FRSs b e, BePEimmbSfot Rialinet esy mey be
gener al propided & sdni@émbodimphes & ¥aticulaPanbedifich! sy AfnehfBnPe¥ T o544 ar
elements, including the filter/zero-power doubl et conbination are
modi fi eb024 pixehiesions prd 2808 b 248k shaegionsarantilizedg di st ance of
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is perfornmed ysing fast Fourier_ transform (FFT) algorithns. Figures
27 and @g%g Hg‘qg%rfggv@ﬁ@pwrdmg 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

30 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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first fiducial marking, the imaging system 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

47



4 reduced size at the determned | evel. 13.The apparatus of claiml

wher ei n tvt?@ @0§ fast one mcrofluidic device is 2 c_har agg,gfuigéﬂ%?lg%soa

m crofluidic |rrenS|on and the optical lens systemis a

rovi de e of east .one mcroflyjdic devjce {hat .
bout - al03d) | BB Gyl e Pt el oot ot oot o Fta apadysis,
transm h nialfiéx &ﬁ!@f@t!’mdmﬁ endyl BéQTeOEIOBE! to%fo'iﬁll 188 a&bmﬁiage ﬁﬁé e itﬁtalaﬂnz%e Bor
wi th the chanber at the about the simlar size. , 14°The apparatu

cl ai m 2usHeAaitherimase pggessingsieswibsfl berein. aBy gansingihe Maagezl dicnefhsdiodevice

d. b tio_of s
than ot Opdity BBk er ABBEHHAD: AkierHRL A RAGE s 2brdole B puloien B
09 1%5. Thiewableatai afs méteih@idlbchaftieti Morétsref, at ddedts of @hSistah@Prefon® within

17. The app us of claiml wherein the nmicrofluidic device is an 2
el ast o gfﬂf#)%fr fim§ 2 INdeterice ohie hreadamages such defecisor dsbds smboer

~is acl Hﬁ%d%‘ﬁ@ﬁf‘ étf%@etfﬁeﬁ & to a%%% l@%s%heh%g%ﬁﬂﬁ%gf’edggal sis.

sel ected fluorescence | ndications | eas
m cr of | b afiddicetoineaskinghdf aesshafthe clrgmibess wiich ddain defects or debris, the walls of

2005/ 12 864P / US20Q5/ 0202 transmtting one or nore fluor escent
eni ssi o YRAFE M Je LRt ?é‘%ﬂﬁ%‘i‘i‘e‘“ﬁ?‘* G%F’ég%saﬁ%ﬂ‘%? Atormed canse falae t

onejch af@&hg@fn Ak shifglen? RS M Phd MbAbFaride BEGReRVAIGusARyd FRALN &

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

15 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
20  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
25  notrequired 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.

30 [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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by a fi fi2! egac{g? wﬁmen e 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

15  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.

20  [0158] As discussed in relation to the spectral 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

25  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,

30  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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10 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

15 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

20 228 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.

25  [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

30  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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size at Cﬁapn egs%%%ﬁé l%licrg &hﬁ:edeggcea}? gttfltize}dh% diitEosiltally, 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
15 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
20 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
25  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
30  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

51



14 dinmension or |ess. WD 2005/121864PCT/ US2005/ 020250 122. The net hod

of clai mgd z\é\&ﬁrﬁéﬁg the deternined size is about 0.99 O%ﬁi‘”’#?‘f"é{oiﬂ{%ﬁ]s

di nrensi on an €ss. 123.The nmethod of claim 21 wherein

system angd t. e d 2 lens syst are characterized as a tandem
ans: oy SO ERR SERE b rord BRI, MR el AR HE i BT Arog Raehts the
devi ce taacRorcélaneteir ZRatadi¥rizd Bycrdtined 6H hedbd1B BLADNIRRE addI6r chamber
detector device is characterized by a 3spatial dinension for an

active faBitss onithgomdrreidrundrads of chambess per sqvamgentioeier.a sinil ar si ze
4as the spatial dinmension. 125. A nethod of inmaging mcrofluidic

devi ces[016hip Fegired icaphstogiaply of Bho@esat érhissign @Bntered G a 8écond SR@bleAth
regi,on of ‘a m.crofluidic deyice, the spatial 3 region being ) .
asSot] aPRAUGHLRY HESRENATRRSISEIER AR ORFea FRpressat egicrefuidic
(he Spai : : 0. : ol )
assoc!oa?ée‘gémk?ﬁfdgﬂg ﬂléfrdn?;%n det e%ﬁ&%@%&ﬂﬁf el rfgigléﬁaté?(g%?{l]ﬁo%m e a
spat i al numbérod theieagiof chémbbsyirodreequssiornsit aseodnd evebmatt, AWavelghgth 2."
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about  oRgetick) chambers produce light at either the first wavelength, the second wavelength, or both
10 the first and second wavelength. Of course, collection and analysis of the fluorescence
activity 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

15  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

20  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
25  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
30  the present invention. In sorne 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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[0170] Figure 12 is a diagram illustrating field curvature and distortion for an optical

10 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

15  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.

20 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

25  (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

30  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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135. The method of claim 34 wherein nore than 20 pixel regions are 2

associ at 1t h | east one of the chanbers. 136. A nethod of imaging
m cr of | uﬁgpg’b%&?&%s the nmet hod conprising: 2capturi nngﬁ/qSﬁ@a/QZ@FO a

spatial region assqci at Wi, t t | east det ermi ned 3 number of

chanber ¥SBFCtyehy %%Eﬁﬁgénéégi @s syaf WEvelangthuipdhe gteen £¢gion eliheioptical
regi on gudciiifh e foddidBed.r ame of | ess than one mnute, whereupon the
capturing of the image of the spatial 5 region is substantially free

f oty £ N n scanpi.n rqocess.  137. The t hod of claim 36
furt hor MTRE FRERET £4:05 o S ARG S e b SellE e e B oo
associ at@bodideht 8f tht passtntliheentieh © ARHIMRH aftd 1 Ble 105erd MAHREFST DhpdthBagrams
m crofluidic 3 device using the inage detection Spatia regl on during

a titre forgravelongis dmthebludiggion®fihs onticelespoetaan (488 S¥handdtl hom)afe

U tat PV it B8Rl 08 o B B0 Hosh. TR Bfic T B BhePfL e
wher ei nilhsated infgiree 1 71R0@e Mdns shaed fidistateddn figgtedB MBEUlilizddS FaqirbdTES

frame of |ess than_ 15 seconds. 140. The net hod of claim 36 wherein the
capt ur i #fl Btagspotdingams salgelated at 500 preofidefasus authd 081um efdefotnsn one

m nut e He d ) € r 141, The net hod,of ¢laim

36 wher Sepectinglys 34 Hee 18 10 e Rien GHATHELSne e PIE sCEfOM BE e gplic

chattber speatremnme obisideeet. | As Alusigdted M fgde t enfad atindleddsam@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

15  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.

20 [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

25 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
30 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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WO 2005/ 121864PCT/ US2005/ 020250 142. The met hod of claim 41 wherein

t he deter erature range is 2 *2 C. 143. The methad of claim
41 V\herei‘ﬁb?ﬁg/%iﬁrm ned tenperature is a 2 portion of P§T@§%q0§’8%ﬂ250
tenperag ure enyirqn t associated wi.,th a PCR process. 144. The )
ot hod SHavEleREs SEGHaPL: 4 116 rere g Hpsieetedrin gare 4 cenmpiberssogated aith
cast ot QERAR e dfftRalSHEch " AhRlenEhRIMS3E dal! LS GATRI ifihihted
capturing at | €ast a second"2 inmage of the spati’al tegion associ ate
Wit h atinl feguse 25 hgendieils eeionmtdwmipthe red regirandfehs optical bpecBumi ®igfre 08 i C

devi ce usi e i,mage detection s i al r.egi.on ri the tine fr

of | essSaeiftan 1 AR R B PR i lishere BB el e seelomlatea Tora
| mage Ofent BRtéid BhdedlontBALi DistRtdISRIRERIUS, sad U BSERRIcuREISSE #Tkns system
146. An apparatus for imaging one or nore selected fluorescence 2

i ndi cat basad on fwillustrpted dt fighgi2E- devi ce, the apparatus conprising: 3an
I magi ng path coupled to | east one chanber in at |east one

i crof | a7 Figess 2628 hitenbqragdd hedt dagrb@y ifeh sagerbDEmbIdaNEIT §6doddin®to
one or nore fluorescent enmi ssion 5 signals derived fromone or nore
sanpl estheRrespt 1gyentions Resueng inatigue 265the Hiactign ofcdhe endered gnergy is plotted as
m cr of | Ykfllcfof Y e SalfMfih from the centroid (in microns) for various positions using the lens
10  system illusirated 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
15 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

20  this application and scope of the appended claims.
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7an optical filter device coupled to a first spatial portion of the

I magi ng pahh 8 provided for transm ssion of the one or nore em ssion
signals, YHE'GAPIRA filter device being 9 adapted to tP&REISR05420250
sel ected_spectral bandwidth fromthe one or nore fluorescent em ssion
10 si gn¥EARRCAAINMERdSnt ed t 0 process one or nore chromatic
aberrations associated with the 1lone or nore fluorescent em ssion
sigials to a detefm ned,l 7 53&{@ ' urther
corrgri sing: 2a de!t: ect ognca%%]ﬁteuaﬁ&ma S congﬁglgi)dél Fa%Ct%%rﬁ{lépg%%%%ethe

i magi nginpmehonsdrone admiar@hypdic tlevice, dhe spparaaecomprishige f | uor escent

em ssion signals; 4a first Jens _systemcoupled to third spatjal.
por i on of '?he mﬁbﬁn?f@l%]?ifd’ CPRle 'foflie?séfm‘? 5@%&%%%&?%&6@&1% to
capyur ejeRnR, Ok MR gfp!atlﬂ{tr%ﬁﬁ{g fof Fasshi®fos hosa & RGNS sEent E&;Q;fr?ae

at | east one chanmber "in the at [ east one m crofluidic device,
opt iPcal sigsly desivigd dipimtprRyoTanexstsapiagrie themt deadi ertei chambtrzofdbe atrleast dndy

one .or 8. . ir wi dt hs: and WO. . .

2008 1 PSR uReR RS 2he 2R0aRH R s i i, oY e B8 e

opt i7cal chaidtetized biian apiuhldphtial BmeMNioPebme! ddhadapsiag ph; iid adi at e at
| east 96 chanbers in the at | east one mcrofluidic device, wherein a

11 §roup of nore #Fhemicableanayptrar sounied o the imagies pajhi the ppiical leopsystgm of
t he got hf‘e'inézmﬁtéa 1§ trafRshf? helimelr Pide (flfuofggée%t Ei@ﬁlﬂs é%ogig%ﬁ%{hsﬂle chamber.

1 2. The apparatus of claim 1 wherein the optical lens system is adapted to
2 reduce a size of the actual spatial dimension to a determined level and being adapted to

3 transmit the one or more fluorescent emission signals associated with the chamber at the
4

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

W B W N =

with the chamber at the about the similar size.

1 4. The apparatus of claim 2 wherein the reduced size of the actual spatial

2  dimension and the actual spatial dimension are characterized by a ratio of less than one.

1 ' 5. The apparatus of claim 4 wherein the ratio is less than 0.9.
1 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

2  elastomeric microfluidic device and wherein the at least one chamber is a closed reaction

chamber.

1 8. A method of imaging one or more selected fluorescence indications

2 from at least one chamber of a microfluidic device, the method comprising:
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148. The apparatus of claim47 further conprising: 2a second |ens
systemc I fourth spatial portion of the inmagin ath. 3 and
4a therngyB(?gO%{l%qu?mdul e adapted to provide thernal CORET&SEQ%IWCF%
at | east 5one microfluidic device, wherein the optical filter device
conprises a pl ur afPSPIBMEEeoF mgre Supresecat smagsiongignelsderived frem one or

zer g po é%ﬁi;#?é ah AR 3 : € i
pl u(rlgil iftix@feof erso- El(%%tﬁga gﬁ%f ets fgggérr%g%% gé%%ﬁﬁ%&?%?gi@ 6%)3\?\1&&11 magng
douldl et pablaptdet todhe etleest onb chambdrcwhdérein the hblesst ahe ahdmbies haSa chamber

predet er.m ned ,wavel engih and a second zer o- power  doubl et adapted to
Fedite T OaHRRORT SELPHAE FEHaCEios Detbird FRRiel RPRven "REURI AR 1.
150.7They plbtan@f claim 46 wherein the optical filter device
reduces a 2 background signal associated with a portion of the

i madi ng path to atrprssddingrthe oeeion mows! fluctstemiemisgipusigialsassbciated wiibdbe

whergei n processi ng the o or re 2 chronptic aberrati.ons conpris
cor tact TRGTERATSNE B SniPHel mista pQrlbPrhy i ha whesoin shsonnepliens
of 10 ai Pstein haagLd (CREIEES siRgof e 201NE] Patifldifersi6R o Bdtérenined level.
aberrations conprises reducing the one or nore chromatic aberrations

to a 3 predeterm ped | evel, the predeterm ned | evel hei

c harlact erized by % predbBe @Fﬂ% cl@amfglt wherein the reduagd sien ‘;}ﬂhaé@f%isﬁﬁ@
W th A ditdeatioh aa SRUAL! SIEPAnRAsBn b SarfefdriZea 804 18P SN RYne

characteri ze a secon
1 10. The method of claim 9 wherein the ratio is less than 0.9.
1 11. The method of claim 10 wherein the ratio is less than 0.5.
1 12. The method of claim 8 wherein the microfluidic device is an

2 elastomeric microfluidic device and wherein the at least one chamber is a closed reaction

3 chamber.
1 13. A system for imaging one or more indications from one or more
2 chambers of a microfluidic device, the system comprising:
3 an optical path, the optical path being capable of transmitting one or more
4  images of a portion of a spatial region of a microfluidic device from the portion of the spatial
5  region of the microfluidic device, the portion of the spatial region of the microfluidic device
6  being characterized by a first dimension; ‘
7 a first lens system coupled to a first portion of the optical path, the first lens
8  system being characterized by a first optical characteristic;
9 a second lens system coupled to a second portion of the optical path, the
10  second lens system being characterized by a second optical characteristic; and
11 a detector device coupled to 2 third portion of the optical path, the detector
12 device capturing the one or more images of the portion of the spatial region, the detector
13 being adapted to capture the one or more images, the one or more images having a
14 determined size at the detector device of about the first dimension or less.
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153. A met hod of anal yzi ng processes in elastonmeric mcrofluidic

devices, 2 the method conprising: 3capturing an inmage of at |east 96
chambers YR 289Y%}4peri od of Iess than one 4 minute, wh&FE{US2Q050p0289

the chanmbers in the at | east 96 chanbers is in fluidic isolation from

5 any of the other chapgbers in the at |east 96 chanbers; and
6pr dcessing the i hge. Thegysiemsf gleips 3 pdrrausioobtamdredcizess st 0.99 of

met Rod @b ik ~ conprising: 2capturing a second image of
thngt ?leasta%G ﬁ%ﬁng{e&r%&fn atime period of less 3 than one m nute;

and 4processing the second i mage. 155. The nmethod of claim53 wherein
captluri ng an i magés.i s pbe Sxetenedf dains il B gvhereimthie firal lesystem favthe gecond

nunmeri cal  aperture.greater.tha r ual to 0.23 and a 3nmagnification
I ersr? tﬁ%ﬁs g@?egaarglch%@c%%t?d ?L%%Pa?ﬁgnﬁgis%ﬁe%‘f cl ai m 55 wherein the

optical system has a nunerical 2aperture greater than or equal to

0.23. 157.The neth@id oThebytdin bBciwine! BiwheRAChehictdtRidt db@ests 96
chanbers 2 conprises a volunme of about 100 nanoliters and | ess.
characterized by a microfliidic 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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158. The method of claim57 wherein each of the at | east 96 chanbers 2
conpri sesv\ﬁ vol ume of about 10 nanoliters and | ess. 159. The nethod of
cl ai m 58 WREIL(1A184ch of the at |east 96 chambers 2 conpfTU§05020250
vol une of about 100 picoliters and | ess. 160. The nmethod of claim53
wherei n the densi of each of the at |east 96 2 chanbers is_about
100 kchanbers per é%ﬂ ahge gethedof claim 2 1whersip it detemupedsize 5abRd 29 af

t he dengj 3 at least 96 2 chanbers is about 250
chan%er@btgitqm%%dr%%?er. 162. The met hod of claim®61 wherein the
density of each of the at |least 96 2 chanbers is about 1,000 chanbers
per lcn2 and great23.. 16Be mettedpdickins 1fwireréimdiys figt bems systern bhditistisecond
device gconprisin lur.al it of, ocessing sites, the plurality of
proc?gsseﬂgpysst%g c%ﬁ%ﬁféﬁfﬁ%aaffép‘aqgﬁengﬁgs E’Enpl e selected 3 fromM
sanpl es and at | east one reagent selected from N reagents, the

appdr at us conpri spfg: Fhamietdod B QRAMP] Wwhgéia TheRiRb Bl dicid e is

m crofl ui dic device and adapted to 5illumnate the mcrofluidic

devikce Hharasteaized by ampisrdhndic dapensionand thadetprtergavicedy shaspsterdned by t o
¢ naioat | SRliBefet1o: o A0 RURAT AR i RERL Ui RISUAIRANEL g size
2005/ 1248hd fatial 1520560620250

25. A method of imaging microfluidic devices, the method comprising:

transmitting an image of a spatial region of a microfluidic device, the spatial
region being associated with more than 96 chambers; and

capturing the image of the spatial region using an image detection spatial

region associated with an image detecting device, the image detection spatial region being of

[ O T S

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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8a detector coupled to the imgi ng system 164. The apparatus of claim
63 wherein the mcrofluidic device is an 2elastoneric mcrofluidic

devi ce. T6824hE2¥ar atus of claim 63 wherein the proceZ§THG2UR RS0

are closed 2 reaction chanbers. 166. The apparatus of claim65 wherein
the plurality of closed reaction 2 _chanbers conprise a reaction
dendity of about 250 rdhemetivd giglaim@Saviereindhenmags dstocticr spatial Beiom

of e : ' hein .t .

ol cot  ovamih SR04 DY 204E pRONRERDY 3} pEB P fhaIR A e atel o
si t &s i dinsenbibpof elsment sh gpabout 16Gind hed greprf.at us of claim 67 further
conprising a thermal controller 2 coupled the mcrofluidic device.

169. The apparatus_of c]aimg8 erein the plurality of processin .
sitds are 2 char aa'eri;gﬁnﬁgloél%&[aﬁﬁézﬁ?e&‘mm@@ TRl ?f?éFS@cﬁ’F%Wﬂh
| es9).  LAQeakhendiiige atdishef. cl ai m 69 wherein the plurality of
processing sites are 2 characterized by a volunme of about 10

nanoliters and | ess. 171. The apparatus of claim 69 wherein the
plurlality of proc¥ksi nghsinetwdafelabmdBavizrtinet least nine pinclacgiays gensi ty

of 250 site er.,C nd greater. .172. The apparatus of claim 69
wherel iR i fy el bS] (oo are
1 35.  The method of claim 34 wherein more than 20 pixel regions are

2  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

[ S o I

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

2w N

milliseconds.

1 38.  The method of claim 36 wherein capturing the image of the spatial

2 region occurs is a time frame of less than 30 seconds,

1 39.  The method of claim 36 wherein capturing the image of the spatial

2 region occurs is a time frame of less than 15 seconds.

40.  The method of claim 36 wherein the capturing occurs synchronously

2 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

2 determined number of chambers are maintained in a determined temperature range.
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2 characterized by an array density of I,000 sites per cn2 and
greater. 173. The afpar atus of claim63 wherein the pluralit

of
processi NP 4BELI84t o 2adapted to support protein crysta?‘?T’?g%qoﬂﬁmzso
processes. 174.The apparatus of claim63 wherein the el ectronagnetic

radi ation is 2optical radiation. 175. An optical inmaging system the_
systlem conpri si ng#2-2a EWﬁﬁ@ﬂ;Ofcmﬂéoﬂlﬁgnm%&%@%mgmm
optixcal L hbpum nati on system adapted to'illumnate an elastoneric 4

m crofl'urdic array device including at |east 1,536 reaction chanbers
in fluidic isolation, the 5 elastoneric mcrofluidic array device
condri sing an el a4} oneThembthodlof thimed wWhepen shobdgidnmindd tesnpedatirayes s,
wherein at | east one |ayer has at | east one recess rmed therein,

t he 2 eduBton SHE Gy dge s Bhot® Snatnsbt S ROt BrB TSy ol to t he
| ayer with the recess; and 8an optical detection system 176.The
optijcal imagi ng sypt enTRE methdidBf Chimheraidteih iR EltcrBRGE ka3 6f dhambers
reaction chanbers are characterized by a volunme of |ess than 100
nandl i tisgkleast PP anf @respti cal i magi ng system of claim 75 wherein the at
| east 1,536 2 reaction chanbers are spatially arranged with an array

dengity greater than of,eQURl122Naim 36 further comprising capturing at least a second

2 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

v R W

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 fransmission 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

O o0 90 & i b W N =

adapted to transmit a selected spectral bandwidth from the one or more fluorescent emission

—t
[}

signals and being adapted to process one or more chromatic aberrations associated with the

[T
—

one or more fluorescent emission signals to a determined level.

1 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

W ~1 W R W N

more spectral bandwidths; and
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3 chanbers per square centineter. 178. The optical imaging system of
claim75 wherein M sanples and N 2 reagents are distributed armﬂg t he
at | east WIS/t on chanbers. 179.The optical inmagi RETPI0ERIEGH
claim75 wherein the optical 2 illumnation systeminduces the

em $si on of one ofn mC@I ¢lementeswipted te ityraitisalfsoormeaths wps el eteinedt heingt

l e 80..The tical ima st em.of

cl le%tm 7%‘%% rd rtg ?&n 8 aﬁg? %’@?I 0?18'5‘% Sk g}? aﬁ?ﬁ%‘f“&ﬂ"ﬁ"&%ﬁ%ﬁ%d’v }tﬁfmlade
onelior gRens of Mdgethan U8 RhANBEE iinGTuisic Mdldtmatien aﬂ%@ﬁﬁé%ﬂ%@%ﬁe&ﬁbe’%& fAfkhe
with a subset of the at |east 1,536 reaction chanbers

2008 12arg8R of morcthawdB shanbers250 215 213 1( 248250 |1 ommi snt

Thermal Controller 240

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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54.  The method of claim 53 further comprising;
capturing a second image of the at least 96 chambers in a time period of less

than one minute; and

JuaowW N e

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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