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OPTI CAL LENS SYSTEM AND METHOD FOR M CROFLUI DI C
DEVI CES CROSS- REFERENCES TO RELATED APPLI CATI ONS

WO O®8A218¢hi s application clains priority to U BT/US2005/020250
Provi sional No. 60/578,1 06, filed June 7, 2004, which
IS incorporated by reference herein for all purposes.
BACKGROUND OF THE | NVENTI ON [ 0002] The present

GHTIC LS SYSPENEAND U s con v

met hod and system for i rr?gmg[ Q Or nore entities in
a chanber of a mcroflui evil ce (e.g., suspended in
a volume of fluid). More particularly, the present

met hod and system for imaging uses indications froma
f1 uor escemROSS-PEFERENCES TOREDBATED ABPDIGA BION®T e
entities in the mcrofluidic device.

rely b y..of.
[0004} o e apnlifatipn elrmsgeresity & Und- é’lr%\flﬁlemge No. R84 90 2filge Fune 7,
Y, [

200211‘21?%1 rﬁ%&g@gﬁd tﬁfjregéf%d}% hfS}rﬁﬂg%g ?gﬁ)ﬂ roggsder s coupl ed

to the mcrofluidic device, but it would be recogni zed

that the invention has a nmuch broader range of

applicability. RAQE3GrREANGBGETHE hovtsTIoNdevel op and

manufacture mcrofluidic systens to performvarious
[00@X) e T locepresemd] irtyientidrere ates gmmllys@mlmﬂu@mm@@sh &vparticular, the

occurred, Such.sys been devel o
mvwea arcitdopa et R SRIeBA ABRE P SOF GhODToenip in ohamber of a
micPBtedis HG\hc@'g] > Osush&RIdd HeY VERmeHTITRA®. MO patt@idiys tRtpresent
benefits achi eved from m ni aturi zati on of conventi onal
methed ael systenefon nmagags ysezindisytinng dwasa flapiessenae dgetliasipciated with
the Pﬁen%rerﬁér%nﬁ%gdg 1n :S écergglrlll rer@PDe‘;Vécee g\?&@ﬁrtbwé?%f éx%ﬂllﬁ?é 0
techRlidues &irl Iﬂi&rcﬂ’[@dlaﬁ’w‘[@d@ And syshanedretappliesi wighd ﬂlﬁﬁr&scent

m crofluidic systens. Additi onal benefits {r@pﬁi 8
chemilpganeseanbrAnd Violumireseipe FatleRs cPARIST ethe mic VIEE, but it

woﬁh’ﬁag %tog]glzgél ?ﬂi% nlg\fe'éxﬂgn hAes Bubh Bfo%ﬁéﬂ“yalqgé:ofd%}ﬁh%?hty

omat 0 decrease operator errors and
ot her operat or type [imtations. Mcrofluidic devices

[0003 VEorReRE BEGROSRIVEIDD abld tahifadtuvdimiebduidic systems to perform
applications, including, for jnstance, capillary
varigpeehensph Gnd bi@he@%l @}#)@ﬁ%@%{ﬁ vagheye siere eggyrred. “Such systems have

bee% gg%g@%edqﬁfs ?reéeg‘gg\% %Maa?ﬁr) ﬂ{tlfc ag#)ﬁcegf%\ﬁ's CQ&! oﬁpﬁ%ﬁg: $u8h micro-sized

nucl et ¢ aci I on proc ses are
devivet endes éﬂoln’y sighidichit benefits weldeveddiore tyiniafureptidn eftongeargional macro

For exanp uch devj ces coul d.be used erm .
Scaltei@@alpf?f‘ésaé‘ﬁ é@tg?sesb@@ﬁ}a aregitien cagsbﬁsemesfldﬁ%fﬁ 55‘{01%0?\&‘11?8tanﬂa1

redl?&foﬁ ih Anfd, RAMG Icﬁts 3R d AdraPalydnt §RHce taﬂ@éaﬁo@éf‘é’ﬁ?:hlfé%e@ﬁs benefits

izing mcrofluidi c device as an anal ytical tool
usmg’thbmdmcroﬂindlt: ispsteras.i Addippoad dssefs fmygncluga mdnctnqn iarhgman

operepToluemBREnLeuorae! st Gef Grbhtl i G RE R utomated

sysQin%%?s%%crease 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
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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or genetic disorders; detecting gene expression

profil es/sequences associated with particul ar drug
whedvan2ss4 (e. g. for pharmacogenetics, i.e. choPGI/N§R005/020250

drugs which are conpati bl e/ especially efficacious

for/not hazardous with specific genetic profiles); and

conducti ng genotypi ng anal yses and gene expression

anal yses (e.g., differential gene ex resPion t udi es) .

f 0OdEtiliaptiay PIAESSRs (y-,g->tm&¢rfa@w@e’§f 3pRIAOASh n a

preparative fashion to anplify nucleic acids,

pr aldtectingjamhclangatériziresppeifid motl et aclsfaksasiaserd with patticular diseases

needed for .further analysis. Exanples of these

anéFﬁ%?%“ﬁ?%E@§§es i ncl ude sequencing of the anplified

product, celltyping, DNA fingerprinting, and the |ike. .

Anpletecting gpreotkpession arrfdestsqbences axosipted arithoppstigdaradpg behavior

engi neeri applications, The net. i.c j j .
R R R e R R
Pr Q@RS f6indd heRsdsRAVIEH §ietifie genailisbfiled);@adpl i shed

by insertion of the anplified product into a vector

that i,s.the t - i :

s Soal e RS A B b e Al g
appxipfeatibeBmdiesagi ng systens (also referred to as

readers) adapted to collect and process inmagi hg data,

[00(:3]53:” %iét@%ﬁﬂi@ely,fthé‘ 855858015 Be dad@n PR aHTadliGd Q)fdn&ﬁlﬁy Gucleic

ave’’vari ous shortcom ngs. Some conventional”
acidsgproducing pe paphfiedpdscansiffigientldesls needetl ifetfughbrapelysis.

beam i s raster .scanned over, the m.crof.l,ui di ¢. device.
Exappplesy ¢fdhese gpyely BIasRIses Pilidg seisEcine 0% h}%@ﬁl&‘d‘?ﬁé’g@c@ cell-

i b ERinR! AnGHIAENPERIUSEHANALS be@kéEidtvari
typl? ?ﬂ%ﬁ%ﬁ@%ﬁ%ﬁgg éﬁ%&rﬂgr@nﬁ? Eekﬁg)alcti ?n chanberss. present vanons

genktic ¢rpineriiog epplidatipes. dehese gerietic angineprimgtapalicatigns clude (but are not

. associ.ated, wi.th the raster, scannin h .
tim G5 R URaE LR of ARG RI LTt B b as e Dl 83 Hsemin of the
ami R gr&dtch it SR §8ctoSBALIS Midnalstd td ti@BFdigh o8 litto Bedesired protein
for exanple, areas less than 1lmmin size, and
produdtt chi ng these small inmages together to forman imge
of the mcrofluidic device under test. [0007] Both
[OOGQanDFﬁtQteanéke@btmﬁhli applisatpheimapmgeysthos (denrefiggs:d thas readers)
exa e, both types of syste operate at a re]ati.vel
adap@d/rtrg gelieshand @efé%ﬁ Epaging i, fo8 eﬁe@g}sr 9%??&?11%463% fom duch

micgéfg.?diic'a@gﬁgs l@ﬁlee{/aﬁU?sfMoﬂ@oﬁfngg S5me COMV@RbAARS ders o ce)zrate ina

ens operate at equencl on the order of 1- .
scamiingatodsj inuttdch Fiaserdwam is nsear esdnined oveshy micreflgidicadevice. In other

such RSP RO oL BEisE GECNF APALS 1 AoRE PdadpPRoanmers

colbESHRISscicelda: fdm M dedbifincchdRbba®reseRiMand n@dtafluidic device in a
scanning and stitching systens are not able to neet

sequérgmbmpendrassrmintal witl e raster seaening ofithedassr smrergdeyjost &fher
contvre]rgtgolillgpgsgltmerg Qgéc’rgteslr? %Q%?t'cﬂﬁﬁg%%jde?ééq%&%a'ﬁ% 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
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
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systemcan limt the potential for utilizing certain
assays , e.g., performance of real-tine PCR [0008]
wabesatsse, there is a need in the art for i npPOWES2005/020250
nmet hods and systens for imaging one or nore entities
suspended in a volune of fluid in a chanber of a
m crofl ui di c device. SUMWWARY OF THE | NVENTI ON [ 0009]
requifciab GnAgk the flubRsEne pRitEssey@iin th@ﬁabéﬂuﬂﬂ%seﬂ@bf the
m crofluidic systens are provided, In particular
microfiradie idevicpr G agonal seampr adstthingsySiers af |ah}f teﬁléeet these
t
verBfufRoft 1 hERSYRARIIEE sl ol MOMMIR et sitching
systeficapl@sietie praintiafoantlidys tataid assaysypge. noerfsmance of real-time
i ndi cations froma fluorescence signal associated wth
he one or nore entities in the mcrofluidic device.
Merely by way of exanple, the techniques for
[0008]c r Dhérefiotk, d:hamtslmmdamdlesay'sibenspmwei mp’;hlorie andsyistegns for imaging

fluorescent, che scen escent

onerE FRASF §ntet&fa§}1%°&n<5%i Bt oF fan @ ShoybE T SRR fuidic device.
woul d be recogni zed that the invention has a nuch
broader range of applicability. [0010] hi a specific

enbodi nent , the p §%$M; an
apparatus for %ﬁ&g%ﬁ‘@pé?n%ﬁ@“ cgﬁs
[oobdv]u OARSERER0 tHéqugs%ht RRentfonofechnifi&y fof hidrefleiditeykems are
The apparatus includes an inmaging path coupled to

PfOVléa@t nopeeti@hiarntheinyentign provides agnethed andfysignyfos igaging gne or more
en’ul}s s Igieﬁgn R %I)Fmpe oqfvﬂu(%c? #h 2{ gHar&l{ f0P Ehﬁalogﬁ#d% dRA&. Nore
?% P uorescen em ssi on signals derive romone or

parfi®il @15 @dpresent Methdd aal syas tfomﬁezgﬁigam‘esmdﬂ:fatmﬂmefrmh a fluorescence
| east one m_crofluidic devjce, 1_ghe .ch nber

signah asppeiated;vrith the pee PRARERFILEEY B BEIHEO ARk drar Mgrelypy way of

xR ARRL B R ARG S e PR PG g Morcce,

cheﬁyhﬂmmscemmrﬁdamlunmhmcemm@dag coaplid torthe noiptafluadic Hevise, but it
systemis. a ted .to smt t

WOl ERoeRives L eV Ao Bt BRI PEpHamET appelicabiic
[0011] In another speC|f|c enbodi nent, a nethod of

[oom}ag i[rng smeodicombrpgliaensethe presentrinvention pertdes andippareive fer imaging

e cha m_crof | | [
OHGpQIdWS & EleCt?‘i gu?ﬁ?? o6° 1 n‘;ﬁ&‘iaﬂa‘és f??IPaai‘ nem |1(%g %S%gé{ o‘l;lg?ern)l?pamlfus
1ncfuhb'é3£1?§xfa%m 1R SSiipPedl t511@RBb%e dHafibeeth 4t 1@ @anierofluidie device.
anples in the at | east one chanber of at |east one
Themm,agmg paAtliprovigles ferdranrwifgioant ona gr MgroBRgrescsufaigsipp signals

derg/eg ﬁg)t | eeaértm&%%ﬁilg er?ﬁlgtag st the cﬁﬁﬁ%r%&ﬁ%@ﬂ)n%ﬁmﬂmdic

er° 2% SO I Nnc
devﬁcfeaﬂﬂfé'l chiinber Hak@a chambarsirmthe cﬁlhmbemzmhiﬁin@cﬁasmtmed by an actual
gnal s associated with the chanber thro n opt

sparlélr@n@w%mlé% B g 1pasing @atheldieRgPyatA 2 iR Ragphcal lens
sysseglg%? Iui%’e%l JS Thd ﬁnz%ﬂ'@aﬁg TRe & %Pﬁn@sy%te%@ 1sojdaf>1.j3§ t&&htsalit the one or

I mensi a det n1ned "evel
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
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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[0012] In yet another specific enbodi nent of the
present invention, a systemfor inaging one or nore

w0 padsazis6ons from one or nore chanbers of a  PCT/US2005/020250
m crofluidic device is provided. The system i ncl udes
an optical path, the optical path being capabl e of
transmtting one or nore images of a portion of a

TheSmathbé bls @gl@ies eananithirgy bt oté o motteffioreschintcemitdien signals
portion of the spatial region of the mcrofluidic

assefatpd B1th the ehemben Baouaban optical Igpy HIGM Grptaddo Wa&ng path. The
optiglzggl%l?g;%yg{ o ﬂ%dgﬂt&i ff detih £sigdeyt tfl@ aétﬁalcspﬁ cfg %rﬁéﬂs?c%dto BYdetermined

I'mensi‘on. The systemalso Inc es a first
levdlens system coupled to a first portion of the optical
path. The first lens systemis characterized by a
[()Oiinlr Sth PRLLGEL sg)@ﬁﬁé%hﬁ%ﬂﬁﬁén@ of tHe@r&¥atifRiieh! H@fstem for imaging
cl udes a sec 'ens system codpled to a secand
onepymhére ndidativhe fromt dnealr npze kharffiees gf—:-&mMOﬂ@d@ @ymeeﬁplroylded

characte i.zed b d opt char act t C
TheSyateangies iR, Sk AR etk S pERB GRS Stk g gre or
mof&nﬁtgé%ﬂ' LR bf’zﬂsﬂhﬁaﬁ 181 0RRfla GairoPRidie da_\h@e feiaké pértlon of the

devi Ce 1's operable to capture the one or nore inag

spatiél regien 6 eimiragtuidin dewipat Insin aneyidimentvbe eotton, oftthﬁespaﬁal region

or BERSEA el ST SR A B B 1ROt

firs6Rh§ §s@im 88U &EL0af firgbsuition bEthbiobtital Ghilie MHedlistdend $stem is
[0013] In an alternative enbodi nent, a nmethod for

charavigyized by adurgopiistl chnmglerslis. oHe ish HBergncldesea second lens

sysfe an&‘%@;et% 8 s@caﬂdcpfo%anumhs ngtgeég bn. gﬂs sé”E%hH Ohs fpam@s

rans 1on O
chasqebdrizedl by agewmdm‘ptlaal rdlmraon‘ehstilcd i rﬂlaigrwﬁenﬁadﬂ[tmmaﬂh ecludes a detector

portion of the spatia reglo of e crofluidic
deVd‘&ﬁoélﬁleélt‘bﬁ&ll%P%B?lP ehih eﬁa{ tﬁ?&ﬁ@&ﬁ)f g Viphis operable to
' d
bl g P90 Sl B S A Ep AR, gy o detcos

adaptedito daapztumcthqnbmenq moreiimeged. €f® @yt grore onages ha‘sft a determined size

ortiagn fth th. The first |lens systemis
att ‘ﬁg‘?t‘é“é?’é Vk‘@d’ tﬁ‘? b&i?a%?qs{%lor $5r act eri st ?/c The

met hod additionally includes coupling a second | ens
[0083kt &ran dteatn@y@@n@ogumntmﬂmd iier ipysgingne pamﬁ)re ingcations from

second temisg ¢
one e BRSSP M ARESS A feciod BeRBES Hihymiing one o
mofBipidged Hih pdtHoR BLa @ﬁatlﬁpfegldnrﬁgeﬁlcﬁfﬂlﬁdie dpwaté from thé pbien of the
spatial region using a detector device. The detectQ

spaielegionio§ thegnisrefbridis dsvienploas ga opiienh Path- (e Peptanf] the spatial
{
reggot% ({ﬁ%e e‘{rec lgir’&% Hee q@é cg%%% P ?t‘rﬁlﬁi@ﬁsg&n PRIMeBE also

EV|Ce (0] rst I mensi on or
includss cquplivig d&'ﬁlsttlm systeimad ai fived poigen a‘fihe oplica) path. Mimadiest lens

systien Brebraee HEHBCR o OBNEG BB L e FRAEha aisicgaly dngtudes
cox#ﬂ)ﬁhgrg s@n?ml'de e @ﬁﬁg Gl s@&rﬁlﬁ%}ﬂl@ of B9 bkafl ?ﬁth NGha sédofB lens

an one mn In a speci
syseﬁmbrschhaﬁntenzd:d}by & sqzoud opicad t:hetrh@tem&ng dMakovdnethe pmthQ!ﬁI includes
region is substantlalliyfre roma stltchlng or
ca RGNS PRI Mages O the porfion of the spatial région smg a de ector device.
The detector device is coupled to a third portion of the optical path and the one or more

images have a determined size at the detector device of about the first dimension or less.
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[0015] In yet another alternative enbodi nent, an
apparatus for imaging one or nore sel ected
w0 bwenesseence i ndi cations froma mcroflui di c PEUS®05/620250
provi ded. The apparatus includes an imging path
coupled to | east one chanber in at |east one
m crofluidic device. The imagi ng path provides for
profid@nsieingsh@hinofudenepairingoindmiabel of £ satinl regMnsasscmmted with at least a
signals derived from one, or re sanples in the. a
deteP Bl ROOE AESAIBIbEE Of HBICHRTTUGS JEVIGh BT &P BRASH dsiction spatial
reglgl? Y8 a Hh% 2EALLSThA SR hiifthd! dﬁ% s?@mﬁ@tehﬂ?)@!im{énlt YRE capturing
evice coupled to a first spatial tion of
of theniagige @f fetspatpal ovgioe sfubstamtradﬂlysfmesfmm @ sbfchingendfoe scanning
nore em ssion signals. The optical filter device is
Proceffapted to transmit a sel ected spectral bandwi dth from
the one or nore fluorescent emission signals and is
[0013&1 aplnget tuotperadtenwtive embedimsni an kpparetvs foramegingone Asmore

selogR i Espeped ety RO T RUB T tsoliRiosEERvigR: Bk Rlpararas
1nclﬁﬂ@,(h‘ﬁ| iRBing Pt ®fuBRA t81easie)chbMBeinQe RASEShe nficrofluidic device.

el astoneric mcrofluidic devices is provided. The
Therfagiong natcprodidss @wmmﬁgoa &f pRmgfemere Hroreseeritenggsion signals

GRPERS LGRS (8 P 558 AR BR AL g

devicBambe kfpdrstub Blsb linvlhwtics ah splicl ifiter deviva cnpledto b fiest @pdneﬂ portion
chanbers in the at |east 96 chanber s. The nethod al
of thevanaganespash prowaded for wansmissigeof theenerer meregssHs} signa S The
optleﬁrﬁl{ ldl:\ﬂge %r%ggﬂeﬁ@{ransﬂﬂt @9&9&@5 %%ctfrﬁrbahm H‘ﬂoﬁr{he one or more
Ice conprising a pluralit
ﬂuopés@é:;&ﬁhﬁ@orﬁﬂu@ﬁs argl 1pradapteﬂstd> probess pheioahbteychodmatic aberrat1ons
processing sites contain at | east one,sanpe sel
oSSR NS AR IS GHTS AT B BB P STHE o Ser B AT G
N reagents. The apparatus includes an illum nation
[0086]st Brna ];wt]pllademlmdumentm meﬁfddmf@ndyaeg ipracesnesl iraelagieraeric

m .nat e the ice Wt
mici e dRUG POVt et e Pl andiee of pidest
chaﬁ‘lﬁeﬂsﬁﬁ@tﬁ’xga dﬁ‘ﬁﬂd%ﬂ‘l&;@ ﬁlﬂn&ﬂleﬁﬂnﬁﬁée [k E@bbAh@hE efl@VéfaBe chambers
and adapted to receive el ectromagnetic radiation

in thenttleastio phambeneispn duidi¢ sglagien flopraysifile etheredhampyis in the at least
r at ad led t
96 FREBLR Jhsmebd BN HEEp R e SR part cun ot ’

enbodi nent, an ical i ma ing systemi.s provided de .
(0068t i anorhﬁagmugygméﬁﬁhma @R EBPHAED g iaping 3g myfrofluidic device

corrg: r%aal Hat=HitD fg;ﬁ{) éfggilng)éﬁésqg:p q“hte‘f)lﬁr%l&gglfﬁgécg%% sites

RRric -m ic array device'inc
contagmsttledst bGsangze Belea‘tecbﬁanﬁﬂrsaﬁmtasmﬂd bt loast anplraagaitisthgcted from N
one er of

reag?etgyslea ee{?zgarg{usplgejg(ies&ﬁ élhilrg tian 133@&% eglinl]:%ft!gltﬁé/ m?%gﬂuidic device
and'a %51{9@& t' @R Ahatd ﬁﬁ%ﬁlc%l(ﬁgfdleﬁ@& Wh%lé&ﬂﬁfa@ﬁ@w'rﬁ]&ﬁ%@' The

layer wth the recess. The optical i magi ng
appsmsiseaﬂﬂoahsluda:srmll 1mjtgmg$rystomt doupled de theaniconfluidic devire and adapted to

recifingarrimerche FREE cobtARR Y BBy bEBBssine sitps gThe
apphlaHRRIRRAGSy inkdHidesh Ue8sof EAPI Bthe Rhdping Sktethanber s
in amcrofluidic device is

[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 atray device including at least 1,536 reaction chambers
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provi ded. The nethod includes transmtting one or nore
fluorescent em ssion signals along an i magi ng path,

W b@sozkseor nore fluorescent em ssion signals PEr/US®AS/020250
fromone or nore sanples in at |east one of the
plurality of chanbers in the mcrofluidic device. The
nmet hod al so i ncludes selectively transmtting a subset

forradd frb@ a0plaratity ofiagerf. Aolcasempiayerbs thieplurslityrdllsyead s gt least one

the imaging path utiljzing an optical filter device
recegy Hpmsd %‘t‘f_ifelﬁagéleﬁ‘%?ésr kst ?ﬂast_ecmes%ﬂsﬂa@? apea e pigeppl £ the layer
witRfHeF8deEE. rﬁ“l'i]eegprtﬁag?ﬁﬁzfgﬁ}% e thefiads aapt@fadieetion system.
process one nore chtomat 1 ¢ aberrati ons associ ated
.th the one or nore fluorescent.em ssion sjgnals.to a
100t ol ap henliemayign eIt T repment & ity ngiqg or more
selRHTRErdsHE iR eRdiERIY 8% & SREUING oPcRAHekOR aGhickdMuidic device is
subset of the one or nore fluorescent em ssion signals
provitled Tet methord indedss dransmittigonsres merefinorestény smasstarfignals along

.eni ssi o ignal s derived fromthe one or.nor ampl e
an iFiFERE Hathn 3 vt GROE fOFsSERl Py op st ed gy s Ot more
sarplslif bt Mhdlioge € HeGRuralify Fdhahbd ithelwidfifluRfic @b eTise method
i'n the at | east one mcrofluidic device, wherein each, )
alsooifichudes sehestitiely dranpmifting  sipbsefoliibe ang prapouedluorcssend caigsion signals

in.fluidic isalafi fr . ' -
ot ST T B TR e
sigdaliewRkinlag@6det@fifindd Grcid] bandwidedeatidcalapted o process one or more

predeterm ned tenperature at a determned tine, .
chrojpatieaherraiienspseeratied Hithdee ensRianeredfugregeent gRussion signals to a

t ined tine is a portion of a multi-step
mﬁ%ﬁgrnég%g}ing profile. In another specific enbodi nent,

rocessi ng. f he one or re ch tic errat.ions .
10058505 St PrpaaTr Begtet STEPgP U BRf petigh of the
subi% QPR eSorledE e SubRIMmE BYliskdn sRgIsl a'@l_!i_t{]egtoﬁ%ﬁﬁﬁhg ¢he one or

errations to a predeterm ned 1evel. )
momprfbuetseentiengskidresighal$ dervved foom thejonedr Ljy)rgsamples in at least one of the

.edeterm,ned shift in.a focal .poi.nt. associ ate i th.
e Fiffornan mioy By RERe  alinf 505190 SPanlbdshipfine a
leadt 3¥e ARAHAGIIRS dAack, WYeRiS @R BE thambersin ¥ @toupsth@e than 48

speci fic enbodi nent, the optical filter device

chambersislsfluidis iselation fomfany ef ghapbesrchambens ar thegieumof more than 48
ural i of .s| L filte ; | rent
e BB Bl S e oS
tem@BiahGaht 4 dRGifiged ik SWhéreinaht bedeteimined patpepatureett diced
to an microfluidic device. is provided, hi S ecifi'lc .

PredaiRfERIneAEme i HBOTHSR 0bf MY SteRdRTAY CkS Deano il I} rRathe specific
em cﬁﬁlgrfltl, tﬁlﬁgés‘%' ¥é Gfte o hrdHatft! eﬁféh‘? OGP the one or

evi ce at has an elastomeric mcrofluidic device. In
mofhalr¢éseemamiveoesipoads imehtdes tddecing ¢heodnetdrenoreelyionmatic aberrations to

e L A S P Ao TP e it
focQRAM 1288 ated WEN HFRstPhy EBadt BB DY 2SHSE &Y aﬁig gléé@@(ﬁld%ay

[
m-cr ofal ui dic device conprising greéeater than ) )
chacdutamized by alsacopdtcobnmoihget aabther specificcenahreidonémisthe opti¢eé filter device

inclglg%s' %g]félutEagﬁ;b b%&h&%gf«%i@@%té Ql’(l:({ ¥ 81%%alﬁy gjf gpreggrgll'ﬁlgeirsg

[0021] In an embodiment according to the present invention, the use of an optical imaging
system to collect information related to an microfluidic device is provided. In a specific

embodiment, the use of the imaging system includes a microfluidic device comprising greater
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than 511 chanbers. In an additional enbodinment, the

use of the imaging systemincludes a mcrofluidic
wa@lewsazisepnpri si ng greater than or equal to 2, BOBUS2005/020250

chanbers. In another additional enbodi nent, the use of

t he i magi ng systemincludes a mcrofluidic device

conprising greater than or equal to 9,216 chanbers. In
micydfluidio devies thadHags darosladtoraedohisrefitidict deeices én of altdraative

i magi ng. system i ncl udes a m.crofl uidic device . ..
embadiBFtsthn YsgPithe dpaging sysym ‘Qesﬁﬁlfﬁtfpuﬁﬁéﬁﬁﬂa%‘é%ﬂsmg greater
thart 99 &%k 1erE OhGhnbhek Qltéfﬁﬁdé%finb%ﬁﬁﬂéht BB LsObf thd fmiYifig §fMem includes

Invention, the use of an optical 1maging systemt
a micodfledic device compiising igedater ¢lohnt 38 3achambersofih Netohnothd:eahtematlve

B of DR i RGO RS SRR IR TR Mg erater
tharP5 Pt Glathtersy h ah laid@bh ARG RS I S%e e 6F th8 'hhh%ih!ﬁ 3Ystem includes a

enbodi nent. I n anot her enbodi msnt t he use I magi ng
micsyfidimdevict oefeprising efeatst Sraardr eqwdl do 3804 ichansbesay In:@other

t. hat a tQ formifluorescence pro
addy L g AR s R B e S S0 R S s RS RAD e ke
conlpilngdLsat@th@l aSéUaPIol %2 19 &Hagfblets. dh Cyeﬁ@wﬂcsi: atifieibndl®mbodiment,
adapted to performr eactions at a sel ected tenperature

the gge crfah@gmlwng wiFpran inclides 2 syietoflpjdiedevige eomarrisapg greater than or equal

odi nent, the optical imaging systemis
to 168%@6 féa%n]? ‘ect infor mation related to PCR reacti ons

yet anot her Sﬁecifi c.enbodi.nent, the use of th

lﬂozﬁagﬁﬁ@r@%ﬂ% FHOtheH eReditmeHOf flt Tdeal BV, dhe use of an optical
1ma%fﬁg%g§t§1'nncg c? 183 SFoff A ! rgﬁtéanégp%lérolﬂﬂldﬁ a8 \%ii‘é'p%\ﬁded The use

f1on n ot her enbodi nents teuseo
of the‘m;gwagsysgeﬁt meiudeg hu dlestomenh ericmfluciondevidd adapted o perform protein

C ed to the mcrofl lev 0023 .an
cry S g s unpb AP AT EREoBERnEf Inotst PRRPA iray e of
ima?iﬁ%ts%fbﬁﬂn&m@&eanaelﬁt&ﬁ&ié MG BuidR\deGR e itiSat Y R4pERdo pbiform
hi's"al ternative enbodi nent, the optical inaging

ﬂucsga@cmph@ssesmp et anDSheo emblodibieat, theassaof 8t v gingdystemancludes

of chr rratl redet er m
O Ty R
tempOAFURE befah g6l t*éivhp@fhtlhlés Ve Ain®. Thhabther f%)%Clﬂcﬂanﬂﬂ)@hh@ft the optical
enbodi nent, the ogtl cal inmagi nlga’: P/St em has an

imagingsystemtipasedde cellest infopngicdgelataq to PCRaraetis. In yet another
specelﬁg %?1 ﬁe'nt ttgée as%ocff{ ’cﬁéfjl me%zgiy ﬁ%n? %%Iéu??% rrg %ﬁcr%pﬁgﬁ device

conq:@isinga:llosiemcﬁgn s shiedns ﬁﬂﬁtvmihﬁdlcascﬂﬁt[csi 1a péai ealbodiments, the use
filter coupled to a first doubtet and a

e on . e .
of thgweaging sysient weludgtip fresmeleontreberdhef 16 Qe o tﬂﬁ%w@w,dw device.

in an additi onal enmbodi nent, the first doubl et reduces
[0023]v alnLen adfepratice embotlmemht,| th@/este ctrad dptieals’m@ging syisierblteimage a

.reduces, a val ue of .chromatjc ab t

iR BBt AL bERRS Bl RSP st
has %Wﬂﬁltgmf%@%@fs@d d kenaliee 4 Oalﬁ@ﬂ?clﬁ&’%@ﬁ'& MRitaBion {2

first doublet and the second doubl et are zero-power

prediderblieddslengl. dn e embodioteintyim @ptloahlena‘gm&yst@pemc atiacterized by an
NAglil ?rﬁgan 6' 53 inr g&otﬁe?%g{b%aiment Ghe ce)}():t?c% im gell’(l:é gy%ltem has 4t NA greater
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
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second doubl et are arranged as a filter wheel. [0024]

I n anot her enbodi nent of the present invention, the
w@ie®so218ed f | uor escence i magi ng systemt o acqui PEI/ES2005/020250

plurality of inmages, including one or nore fluorescent

em ssion signals, froman mcrofluidic device is

provi ded. The use of the fluorescence i magi ng system
predeftgmittg el Bhd fHefseetindi doubRY etlacdshatalitas! gir@atttr afehation at a

63 reaction chanbers in fluidic_jsolation from other
secqnémvcbng@rmﬁqférbéf the pecqnd eprsbial Tikisrto aspeondquedsterpyiged level. In

somg e%%%ﬁ&x?%% ﬁ'hé ﬁ@g&&@) S %R4 §Y sfe@&ﬂdjcﬂﬁl% e"t‘ af8 &F 8 fd)l)\%lddcﬁlblets In

as an e astoneric n1cro l'ui di ¢ device
othea eeibbéiimaae) dei fivendpecttdi diltes ehofirst Heulflety thesscmdopectral filter, and the

ng system incl ugdes pJurality of reaction -
secqglﬁél‘%g‘gl,egarpﬁgr@n%qdeasa@; 1zed by a vol une of |ess
than 10 nl. In yet anot her enbodi ment, the use of the
[0024] udinemother embadigiengofiths prasenitinientes, theussl ofst Buasescence imaging

IO e
fron §h nfi&B fluidit Vi ik BrRadddv erRiRe af iR uordsbénce imaging system

fluorescence i magi ng systemincludes an optical filter
includesiaceicrafhudio @lewca that his greatgethpe 63 bedction skrapheelin Buidic isolation

oS35 PSSR I A0S BB s

inclRIRGEERTreMediedetiee that hﬁ@é’fﬁélhﬁoxﬁb@é fnadroNuigicedsiel dh atother
wWth the one or nore fluorescent em ssion si (lgnal s to

emhgdiraenti the gse eftbe fluprpogese fmaging aysla melies aplyrplity of Feaction
chalglégr% s a%enéﬁ%pa ie?&e? ﬁg 3/%111&@!) RYSh&M 6 ar l‘ggﬁﬁﬁd‘?ﬂétehﬁ)g)dlment

'es inamc emls provi
the o4t dfGEé flsyrstemepinmgintesysteyn inh]uSlesaairbddﬂnmﬂnc nti¢refluidic device that is

detector consists of t
charagiegied byaErRBAATHY SRR o i g9 o0 63 a?st@?éﬁa@me% per en’.
an Affallvé SmbOBEfRM:, AR {i’\;/dr%sbcgﬂée 1?[91?&@%2!3‘[%%9@1‘113@5!’%} opte8l filter device,

etector 1's optrcal e mcrofluidi
the dpivaai: fltersdavipedteirgemiapted he phse rasselebﬁd)%ptctlaahbmd@ndth from the one or

odi rrent .the det conf or mal
mofg RRFSHEN TG0 PR B el BRRERy e or ot Slomatc
abeR IR AR ated WEL AR Bt R mdre flubres&iht miRionGaHaRab aWetdimined
the mcrofluidic device. In another specific

leréJ_TbOdl ment, chromatic aberration correction systens as
di scussed throughout the specification are utilized in

[0025]e Bidn dboditahtdf thOMREdnt idveatiat, e bpaed) ggitamIfds ingetrogating
tical systemfor interrogating a mcrofluidic¢_device

sari spr 8 igeodluidre, évsam iscpvidgd byfhaatie metem preddedhy e

e o AL R S B 5 s

thad fhe&mﬁﬂﬁlﬁluﬁb Sysedrh Qdm’mnshmagddeomi@itedm atiothe eanlﬁ@ﬂnattgthe detector is

NAdet = 0.36. hi ote nbodi
opticalty eqigplest tgjhckmm yidie h Vg‘e ugmlgrgtte east otnr(l, ergse S %/tetozgnothera

embodiment, the detector is not in conformal contact with the microfluidic device. In a
specific embodiment, the detector is in conformal contact with the microfluidic device. In
another specific embodiment, chromatic aberration correction systems as discussed

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/NA ., where NA, is the
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[0027] In an additional enbodi nent, an optical system

for interrogating sanples in a mcrofluidic systemis
w@e@sizksed The detector conprises an array (e.BCT/HSIOGE)20250

equal to Mtimes the dinensions of the area of the

m crof |l ui di c device containing reaction chanbers. In

an enbodi nent, the area of the mcrofluidic device
Josséd\ilettd @fldchien S&Wh@ @thﬁﬁbeté&of fach pasismtthfeshxgétvehhe. lma specific

this enbodi nment, [ NAdet +/-_ 10%_ where NAO i ﬁ .
embpﬁ@nm@mwm 1&@&%19@611 Niye @86+ I #oghgspmbodiment, the detector is

us onsi derations related to the
aC@@é‘&BP% l“%s‘sbtg]al k between reaction chanbers, their

aC|ng and size, and their_ extenf al ong the
[007@7>h itiaaaliembodimen, ameptical systappfor |1Weva%aﬁlﬁlg|8?l§ﬁ%es m a
C [
mic %élhée) 3(s"ilem Esgpragltahc? ";l"f?«{(dé\té'{t&a&?n pe%S %1 n‘{)g%ta (9@1§) equal to M
timdshie B%&Bﬁbloh§ ofthe ArdalodthesmBn8Mwitlici da:mcd (enntaim@‘ﬂteacts)d dwmbers. In
at the detector surface d e to refl ections,

an opfbgAERTrile oA @ Heanicradluidie desif nebides i Rmple chambers to be
1nteﬁﬂgﬁ€ﬂ M This em%dl}ﬁ%ﬁtl\é[' —SN%UN‘A}ethﬁt 16%297?{%1%fNA NEHEEMAbximum NA

ost at tect’or surface’ due
accépedillead demsrmmad gnddpth-nfyfocan donshderatione relitad y@thealncﬁm@ﬂe crosstalk

speci fic epbodi ms NAdet 0%

bety rairERs o CPARRerhGhFib Y Seciigng SEactrhEn P SR o & axis, and
NA%ﬁ Es é?%ltatjth?e\ji4%%‘lc)og gﬁ(ﬁﬁén? ﬁghﬁ@ ?OSE Qtechla Pgt%gtg% fhrgdr&e due to reflections,
v1gra4tﬁrﬁéc aad ihegikenogispeific erM)(ihinent im\zg;let Nigner thais_ 30% of incident

benefits are achi eved using the present inve i ver
hght:rsrlo@rﬁth@rd@tect%éﬁﬁw@@ to s%}?@tlm&ﬁnﬁ%lﬁgsa 1rige ke In‘another

Spe(fl‘P ¢ Splﬁg(él glt nerql(\)l%% Such o}?)]t g@g&/ 8¢ dlglslﬂgl‘é 1%% %ICI%)st (?F] g e detector

surfefbag t0Ref &tibhs, MR efin@s &l the likentd ga apsthed sjﬁ-:cﬁﬁptelnﬂﬁ)khment the
systens that reduce chromatic aberTation t hrough t he

NAusi sofh i 1 fRibnciéen’ et dosgatibe é@tgcr@bwfaés dpe to reflections,

oRESh B S e LB SRR M . LR Bt

emBYaubHesr Py, enbodi nent s of the present invention. For
exanpl e genon1cs applications |nclud|ng gene

[00 ﬁg ]gfslf?:gﬁ)?lg S?Gfﬁﬁ gr%%g g&%{ 3{1&% gsreHP érﬁzg)\g}g)rver conventional

tecHaigllek 2B o @bl PRentdstolAde %Pflbaﬂ ﬁkné@h@)sys&@ﬂé ioC@n'bﬂtEarﬁY detect
made possi ble. As an exa plications related t

flucsenserge fense e anicrohluidic device. a@d@ﬁﬁ@qﬂé’ ewbpdipsais iRy léféﬁﬁné invention

proEgtF t%ﬁ{éca%sjﬁ?&% fl%g{ﬁ%éccg@éﬁlgt?c e ag{)]rg iﬂlrn utgle hl%e of zero-power

achfon@dtR dﬁ)ubleg;&mﬁpbd il smtra]nﬁiltem i Mmunoassay processes
are provided through enbodi nents of the present

[OO%%V ephl Q%ajgﬁﬁlff)f e?fo?%rgjt ! n@HNAVrAGEEcBYs Hiea %Ele%lﬁ@orm are

OVer cone cert ations associated with other
protvided by gmbsdimEnes dfohd prasend ihastie eFDrcwtlmph geadmiicsggdlications

. on cal cul ations:, [00 Sone can S hav
inclyev 6sne FURGHSIAR i SSPON B P AS @ﬁs?@r?@lm?%s fin present

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
detection and quantification are provided. Furthermore, proteomics applications including
protein-ligand binding and an immunoassay processes are provided through embodiments of

the present invention.
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are a total of 3000x3000 (= approximately 1067)
"spots” for which fluorescence is desirably
wa@eant2ised. For exanple, to acconplish this iPCI0S2005/020250
seconds, the residence time at each spot is ~ 1
m crosecond. Accordingly, a linescan (3000 points)
woul d be conplete in 3 ns. To get equival ent

bensfignabl/or adviitdiRs tiaybeathiaedi te\b@drddﬁier@rt&lmiﬁﬁﬂlita’tﬁm assotiated with
the present invention, the lig intensity shoul d be

othertgghniquess The fallovjng hisheen ée@gatneéba%émpan salcglatipesyied
by an i magi ng system according to the present

[00B Il]\/eﬁbine mcaimmg' systemsdase g daslired\rmhalqnerf il@dmef Inlthese systems, there
seco ster a spot acress, 3

aretait?.%g 8§% aPP@XHf‘i‘th( RS gfor yfheqhgﬁ%ﬁsg%e is desirably

qu Hﬁﬁ&i é fé)ltd £&hin gﬂs}f)tfhlstllﬂq 088L iR e Péstt@be Winehit each spot is

icle cy I's desired his generally requires
~ 1em1t:msecoa1dl arogerdingly,a lopsdan (300Gpdinghwhitldfieydonpldte a3 ms. To get

e R T R oGRS g,
g}WulltEné?l‘i/ sﬁ@ulﬁ%aﬁggtlfﬁ%ﬁ% brighdih tR&peRdsav &l be aéRevddby an imaging
t he upper left hand corner of the device, which is
systentiesording t the p@@mé imysptipe agduirieg a §1@0@we&>n@md of 1 second. To
ras %%tﬁﬁq g]g)f%%lg}ntelg f18§ %ldgfig il t I econd & Iglg%lﬁl%}cah§ hhallenglng

In a%MﬁIo@lnbolld&tl@ﬁ Sﬁﬂhe teigsiont sﬁéhal W@ﬁﬂ‘h@f efﬁﬁlehﬁjﬂ@&lefsﬁédﬂ ThlS generally
mul tip 3 mm_X nm i mages, 100 |nages are util

TeqUes th@@m lapgareld §BHC pa h}cgalNA dymedicad (pias moying at >rrd9 &s). In this

cas%\qﬂé gatQ %oﬂ'é)cQ ﬁng}\l/ﬁ%%gﬂhﬁgpgtc?ﬁjgp {)Pﬁé%&?é&e\gv}ﬂea@ié sdcBfids older

thaﬁdfelﬂalta cftglea'i&d |1ma@mppéﬂ1eﬁ ihemd) eorbemnaf the Hévibe Wi‘ﬁtﬂl i¥Bindesirable in
This systemwoul d generally require a light intensity

somePPlicddMSas i ntense as utilized in enbodi ments of the
present invention acquiring a signal over a period of

[0032]s e Some, stibohihgoystamiy iagqmrerﬂn&ltipbj iemgevand dtinchaitidinttpgather to form a

t hese.systens generalll st .sta - capabl
comR A Gl £ BTl FT 40 BFD FEEHES Fomoss (50T ARiBle 3 mm x 3
muf e et ql@@'lﬁ))igesté?@ﬁﬁhz%ﬁs RE%otEeMnaE @EédYto eGtd Besedngivithual images

cal ibration of both nmotion and |i intensity to

Woelld|bm 198 tes. | Avssyming thaf appreximaishy 1@,2;11‘9 the fhinkeyis sTend mepaing and half the

ed at the |o han orper o \,
time oA Hgcednmes o TR ! G Pl bk PR S
gerlel@lydB@eare 4 BiHt ifamst Nkhes ddthtehisel 83 ultiﬁd&Binf@lﬂ:lcﬂlméhts of the
sonme applications. [0033] Sone enbodi nents_ of the
Prepné Huientiomacariringr pen pyer 4 prEigr iy 1speandnand/or aicher-NAeobjective.
r [
In %dﬁﬁ)n hn_%@%( {r?rergst g%mﬂl%ﬂ 518(;{9%%&@52%% ga{figgfiéq)lf ?rlllaclVéﬁé 3 HH1 Gnd coming
to astahpletelstp i8 €0 emgal A&hﬁmnﬂils', hese syts'egrsagenanlly reymirarcereful calibration
avai |l abl e. Ségchronlzatlon probl ens . educe

of R FRoaR 8 RENGBIERSISEO KT BRAge aHies s o émﬁﬁ%l Jhgdata
col%ﬁ%d%@ IBW% ﬁhﬁ@c&meﬁbﬂhé@%ﬁc@%ﬁpﬂ@f@%oﬂs d8&8han the data

utiliz s systens w th high I ar ge
colfecel dn dfe uppem\leﬁ/lmndi CSOET, bénblt iR modlgskvablte 111 h@np remations.
speci fication, enbodi mrents of the present invention

[00BSPV 'S&?m'@?ﬂ&@ﬂm?erﬁé"gf tBY pERER ihtAkioR bR ViRSITaERIFYySnARE which the
nore power ul

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
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conventional systens. Dependi ng upon the enbodi nent,
one or nore of these limtations may be overcone by
wao b@spewsent nmet hods and systens accordi ng t o PCT/US2005/020250
enbodi nents of the present invention. Further details
of the present invention may be found throughout the
present specification and nore particularly bel ow
deviRending XUPpafimtdher) anbadiang atilizoRas ystdiy withhigheseand a large

benefits may exist. These and ot her benefits have been
fieldl b kierh s dseabesibtRushei the ereammi SRGsisafipR ambaglimeRis of the present

mV%EJ{og J{EQ\;IB% &%k}ﬁ)ﬁg chp %Lé?e\%cf '[['thch%é es @(#Ih?]}lf? @ ok ?W(l:rﬁll than

ures a anta es o prese
conventidmbl 9stensn Dpending ufo(bﬂ thy embpdﬂmm,tcmé Omnthe péfheselméations

to the det Ied descri |on nd acco nyin W n
may R&pVHEITRe Ry tSHrEenbeg NS PRETRAP Rebo ?m@gﬁ of the
pre%:e}nF Hiventidd. | FurfheS ORI df tﬁé’g%%&ﬁ IfehGod! hﬁgrb@rfbund throughout the

ustrating an opti cal system according to an
presmbgbicifeatiomand merqcp%‘scamﬂy lmlewt ]qund{@@@p tlFé goba@diment, one or

mofg P REREIE HY ALy HACT 9% GRBUAMEGHIGF SEHEA P Gagfroughout

the bﬂéé@xﬁtsb%ﬁc;{t%%h nfdrgﬁﬁﬁwﬁl@rly%e%v@' nplified schematic
diagramillustrating a thermal control device

n adi t of t sent.hnventi.on;
10070387 B SRS Bt b F B RRER L P PER Gfrepn can be
motd full§ bp@etiagdavilteRferats sty chaRa e dptibe afd accompanylng drawings
enmbodi mnent of the present invention; [0039] Figure 3
thaf fellaewphot ogr aph of fl uorescent emnission centered at a
first wavel ength produced by a reaction occurring in a
nunber of reaction chanbers present in a mcrofluidic

oventi on: [ 0GHOFTAPEOFEIALDN G gtk SBSpRNGR "
[oo§é1u0§g%geeg,§ lgm ﬁgm%d CaRhEke %e%,&mﬁ llmaﬁ%mxggc%nﬂﬁigng system

prioduce ction occurring in a nu
accomlang ocn epttadibeerg of thegwetent mventimngr of | ui di ¢ devi ce
according to an enbodi nent of the present i nventi on;

[OO@G’]bof*igﬁ%‘IB AbpitRANRIVESER of AV SRRy i@t kydtbidl Weor8ing to an

is an 1llumnation diagramillustrating relative
altegitive embodingent af thempeeseatringdntionsi ti on produced using an
enbodi nent of the present invention; [0043] Figures

[0097]1 L Fitiuge BOSIA sifrplfied e¢tiynatic dgiedB 11i1@;tra51§3g/ gthtmal control device
enbodi nents according to the present invention; [0044]

accadifig o aombagdinerf; of ghaapresant IVERANng fiel d curvature
and distortion for an optical system provi ded
[0038]c OFifung 2/0-2Grare sihpdiified ntheafatit déngpares Blustratingerniensoassembly

according to an embodiment of the present invention;

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

device according to an embodiment of the present invention;

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

device according to an embodiment of the present invention;
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[0045] Figure 13 is a diagramillustrating double
wavel ength versus focus produced by systens accordi ng
wa o00am2ebodi ment of the present invention; [O0RP@BS2005/020250
Figures 14-16 are spot diagrans for selected
wavel engt hs produced usi ng an enbodi nent of the
present invention; [0047] Figures 17-19 are spot
embddagaa s tHeaireat ebmtbnyavel engt hs produced using an
enbodi nent of the present invention; [0048] Figures
- 22. . i ; . 1 .
o0 R A B A BB ELRIR D8 s fymetion of
positiod $8jdueedjusieg a2 6mBadiareat sfitbe pisagiavemtibny sel ect ed
wavel engt hs produced usi ng an enbodi nent of the
[0049]€SEBhreks BVANE @RsquaRd hBQF AhadrhlByf R Ser®al%Bdfnents according to
ensquared energy di agrans for several enbodi nents
the piesent divegtiom t he present invention. DETAI LED
DESCRI PTI ON OF SPECI FI C EMBCDI MENTS [ 0051] Accordi ng
[0044) th@uR BSiERldidgine Mlhseiating BElANuekS e had diktdtion fotaliotical
systenms are provided. |In particular, the invention
systemaupdded acoreding tp amemkgdiment afdhe presgyit HyyeBWeor nore
entities suspended in a volume of fluid in a chanber
[0048] aFiFuRy 1 ik Widil geard eltistratind/Boubl okt ¢lendthrbigus foogs produced by
present method and_system for inmaging uses indications
systems #reerding e as ewhedimenhpidhe RresentilBYs®HONi t h t he one or
nore entities in the mcrofluidic device. Merely by
[0046]y Bifsurxdrplloeare st diapedns fpusaleftod waveendthupridgeed using an
nmet hods and systens are applied using fluorescent,
@nhﬂﬁﬁ%ﬁﬁ@ﬁ%ﬁé§ﬁﬁﬁf?W§W6“bioIuninescent readers coupl ed
to the mcrofluidic device, but it would be recognized
[004'Hat Figheesilividrdre epot ldsagramsiior lselbetod davelergiheprofiuced using an
applicahility. chanbers in a mcrofluidic device. In
emtﬁ@ﬁ@?rglo?ﬂﬁfgé%e PREY9%n chambers” i ncl ude processing
sites, processing chanbers, and/or reaction sites, any
[0048 b Figares 3A-29f are Read eliagagias foneclepire wavplengthe pradpeadsispgan
be.cl Qs artially.closed, open, partially open,
mn%%%?%%fﬁgFﬂgg%%+ﬁ%?%%%g t hereof, including any

tenporary or_ transient conditions _ involvinpg any of .
[004He s Bigytea2822 A apqtﬁéaarm%.forFﬁlegtswa@#ﬁ%@ﬂ%ﬁ?ag?ew@g an

]QP@Hgﬁr : | e of being seal ed,
e oseaﬁﬁg@gﬁg%ﬁg%gg?nﬁgga | e of being isolated, and
s. thereof, and any. conbi pation or .si,n

nbj pat i ) | ‘
[00§(§ndi3ilt’]gggﬁls, f28aq{9 epwﬁgpg,rggpla(g‘rgﬂg 0% ﬁ?veézblr?mb(oldgﬁgl%s according to

the? Yl ngany of these states, and the |ike.
erefore, use of the termreaction chanber is not

intended to limt the present invention, but to

include these other structures. Additionally, the term

chamber DETAGLEDHESARIPTION OF SPRAEIE ERSBODIMENTS

i nvention, but should be used in its_ ordinary_ meani ng,
[005H| edscargimgite the Hresentiinwention, techniques for microfluidic systems are

provided. In particular, the invention provides a method and system for imaging one or more

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 bioluminescent readers coupled to the microfluidic device, but it

would be recognized that the invention has a much broader range of applicability.
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associated with the chanber have been recited. O

course, there can be other variations, nodifications,
w@nasatises nat i ves. [ 0053] Moreover, through theCPUSE020250

application, references are made to fl uorescent

i ndications froma mcrofluidic device. Included

Wi thin the scope of the present invention are not only
chaibe@li€ 8 & blofluitié 8alicd) e, gehethl, hege %Scﬁ’tﬁiﬂtchhmﬂbl&aiﬂdhn&,processing

i ncl udi ng chem | um nescent, .el ectrol um nescen

siteg [PEQaep R SHATIGHS, ﬁ’é@/@‘éﬁﬁctl‘ﬁmtebl?@é’ﬁﬁ@l UefiAe §£6W§e and the like.
Theg(lﬁ gl{a%%ﬁﬁf g% glsc)g&ﬂ Sg]itt%g& Vqllég% g e, %I’thaﬁ)lﬁr%?gﬁ Ss%ﬁl}g:d Xr combinations
thereo) irchidimnanyt ﬁemtpotmy obarhixing c«br&hitlmsnmgplamg ahgof these states, and the

devi ce. e nt to o kill in the art,
kgt {56 cRRRRFBise i UBEPB L 1eA et @PaDE SCbPBR ssalieh Closeable,
isolfaa! gb‘tﬁe gf bélﬂg f01dkdd ?ﬁ@ SGRPha@SE thatBdMESEAR] combination or single

Indications are trandferable fromone indication to
conditioh fo€ pny dghiordry natrhlysleIHICt)mhtIgIks inpolwingrany oif bese statwfs, and the like.

t t {
Thegglorel e @ b SR St SHREbeTat PG EP etopyni s T5Fsebiyention, bu
to 11'1(!?1)((%“1&5‘%"!)&6@@%0&&6@0 %@%ﬁﬁﬁﬁll? MHe teHAICASHB81E not intended to limit the

applications do not utilize spectral filters in the
pres@pt m@arhtlo@lxbmttshouldrbepacch in itsherdmpry medniegrivaless pegitafeatyres

ass%cbaé%cl YVA}% | Hﬁ%}e esn réc{te{l hSEf ﬁgl%r{r?g (?herir? ngmli) })tlhell %%atlons
mo@BBAtRGk g atlthﬁlaﬁi{/ésf erences associated with particul ar
applications. [0054] In some enbodi ments, a variety of

Vi f

[00933 ﬁ/fs%zeso%’gxg éﬂﬁf@? fr e agaﬁmgz& bﬁsf%]eﬁc{eg g.{'évjllhg(léétot%uorescent

1ndmajibﬂ9&‘rdmﬁ b krlléxeﬂuidi)c d@ﬁlﬁh.l dhclufiat withinalie bcoipg of émeqiresensinvention are
such_as nucl eic aci olwérrpl ificati n reacti

not galyi FREesaPT ARAiCH 8 Lt IBHETERN IS g rie %}@mﬂeggnescem
elec%tll?)hugﬁ%secgaﬂte&eb &Aglr% a Frl E&ﬁﬂd&&?gﬁg&ﬁgﬁfgg%gg ga&@ﬁescent, and
othel laminzsent procedses, ioabny GkhBr eeeerping imaryihg iy athieotype of indications

reactions can.be i near Ilflca ons, op
thatianbe Fstected BHRE RATRCIPRSiice As evidgat {grie of gkill in the art,
metBSRONRN L Bhs dPBlabllelif Ald QAKtioh aﬁd ana?j?ﬂi’é off thet fludRéscent and
conductéd with a forward and reverse priner

lurrstms;term tnd1¢a21@n$>1me m@n@ﬂqmbimﬁomme lmbwl@eéo amptb@rr tAolditionglly,

eic ac i f.l.cation rea
e onte &5 PR oL DTkt LS ee el e agoptica
eletibrit8ithis iieot r@ftitc OF (Bé pRSerd e chii®s esmagemgceﬁemﬂsaﬁlyescem
to performthe desired type of anplification reaction.

appligaiioms do ppt wilipesnecttah ﬁlte@éﬁﬂle&phﬁﬁh exgrtatiogepathy (theepticg! emission
|
pat}? ?bgﬁg o/?éféeg«’% d‘l rel ’acltl%%é?%?g?&%( %t%pﬁjﬁ“e esS %a‘ij ﬁﬁersmﬁﬂ% of skill in

e sanp
the aAtwil dppediaiathe diffeeericesadsbcinted ivtith lialnti(sﬂmfapphmm s t he
nucleic acid tenplate. Alternatively, however, the

[005@%' B d erfiS 9%h%§%f%@%c&$&dqﬂ%béé ﬁ?t:b&ﬂlctmg microfluidic

reagents Iito th eaction sit di scussed
analysesmre atilimdmdremhnolugmgtdevtchﬁthpt mdntutmped: tof gamdti¢tdlgrmal cycling

BTN TR P TR e s ——
micRSiHdic ePlca! & tRAiGhdY R¥REe: bREBHRNC thRpYSRntd; $@borhé Mdtances, much or

all of the device is composed of elastomeric material. For example, amplification reactions

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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channel s and the anplification reagents through the
hori zontal flow channels or vice versa. [0056] PCR is
w@erhapses he best known anplification techni quUECT/URE05/020250
devices utilized in enbodi mrents of the present
invention are not limted to conducting PCR
anplifications. Other types of anplification reactions
utiliz® Bhndlélﬂmh@ tﬁﬁ&’d&@de@@l ' érfdrhﬁﬁ?g mlmlélc atid angilifichtior @dctions. In these
(i) ligase chain reaction &)é;eWJand wal | ace
deviceh ¢ €asenisibat e Maﬁaﬁl@lﬁ%ﬁéé@ theireagtion siigs ap 8@86 reagents

nec é ]t rfé §1§)d)331r tyhe b i:ﬁd HB 04y, 5@' Ugda‘fl tthlg ?neans that some
se he aI.,r. t.,&ca.g.
or a?]ﬂ&&) ngllo(vlinigi are éqio}‘srtedl$)hman£qbolyamnaﬂepmmi@pidle$;amatdnons buffer, and
see Quatelli et a
cofagtors.foucxangdp) The sapple Wyﬁw?a aﬁoctﬁa&qaaﬂ%%dnggﬁmssew the
nuc%ﬁﬂoéd d te 4o t%l%%ﬁ&éw, RRfRvespRkRanafe R b oNPédedﬁd the
B 0 oGy 13 563 65 (1995). Each
am;ﬂxfroe‘gm naggemﬂasf ﬁmectbmﬂ;o thegedchionsiper ahedisdvesadi ln nkgre detall throughout

the it e P Bl D ki 5B DB EDtIEp cation

reaétf‘&ﬁr a8 lé‘sydéh’caﬂgné ﬁ@&&lb QBRl téﬁpﬂte arB @B eWitirbuglethie &R fical flow
th |nc ude one or nore elastomeric valves to

cham@gmmt tbe smplificasionfreagentsihiough thethwrigentpbBow Thapels or vice versa.
nmet hods for conducting anplification reactions with
[0056]Vi BER i9perhipshélB&st Ghowh ?hﬁ@a’cwhqwmhﬁﬂle [1BQ%8Yices utilized in
lification products (anplicons) can be detected. and
emlmdsmf:rﬁg of &R eeescaiiayendon |a§eomoéth@atqdﬁo sopqueing BRRcampifisations.
Qr, a
Othare ttyg &5 % %npﬁ %ﬁ@&g%géu%{ 'Eaknpbﬁ? b& g%lgcfﬁg%ehrfﬁcl% BRCse h8f limited to,
@ lfgw@bm&fdaaﬂﬂﬁﬁ(lm/{sébaWubﬁddﬁﬁlﬁc‘e,eﬁenmzm 560 (1989) and Landegren
i ntercal ation ies such as SYBRT

ef af. \MSFigBen HH BHGKELSD)) Ap) transgptinn M@i}% B (S by 5-oroc: Natl
Aca%’ngc:'f QQ’%A Eg;‘ﬁ 78 @9%h§ 1?§elia§usta1ﬂe%%gue?ﬁ@ke lgi't%ﬁ see Guatelli ez al.,

and/ or el ectrophoresis. More often,
Pr oseitqazeﬂcm Spie CisSHi, 87 dlé%(:l@pe)) amit(h@dmcbnceaonéb@sed seguence

am@g&e}l Coaﬁ % ,eéooggargglts gg?rgd;l# Pﬁ& fm éoc;" ecﬁnology 13: 563-65

(1 99??' HEG] HRé Bfe RN SR8l ced BRGABSpOFatddHefdin bﬁreference in their

_ uorescence resonance energy transfer" (FRET) -based
entigedy dartallgnirggsss.ens. FRET - based detecti on is a
preferred nmethod for detection according to sone

[008TYDORABIVeS cefftaih lOvipeLse dbsibivdanicbaduct tHerbiBEhclib@sadtions (e.g.,
assags a chan e in fluorescence froma donor

PCR) wpbdeeiegs thﬁdn@ﬂd%mee«mra@re (cpiskmrarisr ol yes i Fegplaty wlptipngflow
throdu%g ?hé (?eql?ci%p bl%ﬁlf fﬂl&ﬁ&%%? E&md&@fngﬁ érﬁgﬁff&a%%h gach lEheWﬁﬁ) Q&¥ices of

acce ’uor ophore pal r ecte suc
tmstd?eelgﬁmrésﬁs@prosmd.trum of the donor overlaps the

exci tati on spectrum of the acceptor. Thus, when the

[00??]'0 fﬁlcyt?(;rp@%&ﬁ&sc‘ Iﬁlcgﬁ W be Wefebicd aﬁ@ﬁlshﬁgﬁﬂthwhether

rOX|m to o e anot er, energy transfer from
isolated uﬂammctmm chanebeaoc etmnnyrsubmucrdcmme) alnnhgcramtlrmenethods for detecting
et eg

varie says, ar wn_inclu
oo S a0 e RO Se R T S
intdr&RRIInMRs such as SYBRTM, Pico Green (Molecular Probes, Inc., Eugene, OR),
ethidium bromide and the like (see Zhu et al., 1994, Anal. Chem. 66:1941-48) and/or gel
electrophoresis. More often, sequence-specific detection methods are used (i.e., amplicons

are detected based on their nucleotide sequence). Examples of detection methods include
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quantitative RT-PCR, Ml ecul ar Beacons, and | nvader
assays, these are described briefly below [0059] FRET
w@nastuzsy at e extension reactions utilize a prP@EDS2005/020250
| abel ed with one nmenber of a donor/acceptor pair and a
nucl eoti de | abeled with the other nmenber of the
donor/acceptor pair. Prior to incorporation of the

labkled ed@etuiit Gleging A€ othet TlidAecBideTBIondiel dd8rotransfer” (é: RET) -based
t enpl at edependent ext ensi on reaction, the donor an

detgeioasydiemar EREachaacd datecting dympegfurad method émaletpgtion according to

. V& ol he | abel ed .
AL S ER e T —
frogyradinog (teportar) drididremntéptolqositthet) TRIOBrpMOrOM ol dodBFh&eptor

occurs and can be detected. These nethods are
fluoraphart gpiL g ‘?Ft‘ifé'éjr u'ﬂlei ‘ﬁ)n%mﬁ?‘r‘@f Hpergpleorp asis apadetected such that

the @i &5 ' | | |
e e
whenthe peir 6 flubrophiore? 88 taoaehP@TthRubifficiahil p ol oW % {ndidy tb%ne another,

o Jhet reactd on can o ti'jonal |y be thernocycled to )
el Mo s 9Ories TR ahe praepBr e eackF B1LRtbesletestarn dhgariety of
GréRRARindRid i ' i i -
alssaimeci fication. Og(g(?? %%pi\?ga?l ?g&tg gﬁ%ﬁtag%}géa lﬁ gg%kfeélgllon reactions,

S - -
quatlﬁ?@ﬁVﬁRoﬂH’@RcMo eghlar Beadvosisind invadenhsstysythesgiantdes@ibied @riefly
nmet hods can al so be used to determ ne the
quantity of a target nucleic acid present in a sanple
[0059] NEREWrand gerhpletcRR BN @éacBOM hiflLA I rANerRARIICYith one member of
forped during or after the anplification process
2 dqnogasqeptorpais e a nreleptids labeled with dhesotheramembersyfelns domor/acceptor
i . | et ntitatio t hod ich can
P AR QB o W I S S T i 6%t
depbratest exterBinnsreneionpthe dlonomamidta@tefier 4r8 Spdced f@tteh@@gkpzfpart that energy
appl i fication product involves the continuous
"fﬂnﬁ%ggmhﬁwr-oﬁoweﬁrpﬁf Serilabelgd pugientiseiinincorporajecinto the primer and
the Sl iaBEhenfi) UREOUSH G el LEQLL Ser DR
© E%EP gz;ch 'flr ea u%nt I f/zgl?éélf%rg gg&%gfé? ﬁg‘?ﬁtﬁéegrfdl ?aélr la%tdlf Fegpeéls These
methogs arq paykibwiarl yresdioldn cBaductihgsinglechipd pair bktSnsi®ateacths in the

.723:.591. conpl epent ar egion_of the anplified
detcly it e BT P ombiiang frasdessirabin ot Sfasent No. 5,945,253
and PCIMRIblicIih WPOE 221 8. Fnd Bsdied i bORR:
. section at the 5 end ang thQBO$E%$&gg%??%hgg%n?ﬁg%gﬁto
increasq signpkitsingstbe tanepesatitesaoktrohmetheds arsiepphratdsaleperitted throughout the
|s to the probe binding site and are
pmm%@%%F%ﬁ%ﬁ?@fy to one another. One end section is
é%picalLy attached to a reporter dye and the other end
100603 ¢ 14 yari¢ty ofisergdlied "seal Hewanpliication|enctheds atyecal time quantitative
PCES ' .1ons can. hybridize with each .
o hanbbap ohE e e RACNR (AN EPY e Pt i resentina
samplidymeqrountieg thaachoguestelneslifidygorapdid foaidd @irRBtdrYfter the

ﬁbose proxi mt tgat fl uorescence fromthe reporter
ampy{ieatiol pEpgest el Klueyaaranaecl gipe rrayy e men épecmg@example of a real

timetdtRhi1dli &€ fhefof RhicH SnGnt | | ipeari.ze .
. |g&é)bnf or nat | gn n vl\fl}li %:hﬁl t hésg}%l%cé:ﬁ Sﬁgw %ﬁ%%@h‘%ﬁﬁj% §escr1%ec9herem,
ThisgeethediebuoniTiring, thiformation of amplification product involves the continuous

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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nonitoring em ssion changes for the two dyes, it is
possible to indirectly nonitor the formation of
wa@pgpbi2iseat i on product. Probes of this type anPCTES1v08620250
of their use are described further, for exanple, by
Piatek et al., 1998, Nat. Biotechnol. 16:359-63;
Tyagi, and Kraner, 1996, Nat. Bi otechnol ogy
co rﬁé}ﬁa@QS ioR Bﬂth-E)é@ﬁﬂLﬁeetmcﬂiuct red¥188n tiNaformBi @t @ﬁ}hdltﬂ)éctable signal.
6: 49-53 1998) [ 0062] The Scorpion detection et
The probieiieelf iBelades tyio sextagns| ene ssgtiothal|thepend@nd the Ozbecﬁectlon at the 3"
enle’ﬁl ?ézs%gﬁ%s %ﬁ@@er fibn of e %Zcﬁ)% tﬁ%@h@d@toﬁﬁe hfb%% b?ﬁdlng site and
COr plon priners alysis
are adildpEREﬂItaaij cbtreaﬁlbﬂns Ofﬂm eﬂdesectlé\xclsdyplwge:atachem a2[©porter dye

Scorpion priners are fluarogenic rs,. Wt
and o pberedhisRro SRR hadg saguctaar B, 12 splfon, 1 two end

| sectgé&l%aﬁ !hng&igé/w%%aa?&ﬂeﬂ B H&&h hbirpie 166! InGRA c§i%§rh£‘d1&n the

etecti CR products in honbgeneous sol ution.
repetitériand gneénchor dyt e ar aiffcsstibélese prhwimityt that fluoes celﬁ@rﬁmtl the
and t he ' for I n bot ase h obin
rep R PSS P PR bl i TuoRes D48, BV R EABH PG bR contrast,
resﬁ%Ciﬁ Ri1ResriZed BhforfhafisitnSwIdtR thelddent oPGRnBRin R dectdabed. Thus, by
stopper to prevent PCR read-through of the probe
momjtmmls{wm ihangessfor tieftivo dyes bieis pespitda teindiaefly mopitey the

fluoresce et ectign st.em,Go [
5 SRR SOl 2R LOBh B PR Bhs kB R0
desSEYduRRerPfdr MR AmpleBy PRt &t ant19898PNitc BibtehnbRil 63 56- 63 Tyagl, and
sequence that is conp Ienentar% to the probe, which

Kraneaticl ¢ Neit.gjotechaclegi ki3 Qfrd 0 gnd Fraagie el 495, o¥at sBla@féhnol

16256??&%8 CR cycle. On cooling, the probe is free to
‘his conpl enentary sequence producing an

10067} 1 1Be Srepispudsistion TGO RESHOTE o@Dy I GpREATE: al. 2000
Nu%k&\@?{lﬁr(még%%?g' 2’%3 0063§’%qdanhgoﬁﬁmt qaf | 3dma ﬂ‘)\%ﬁ@x B¥orpR% primers in

I'nvader assays (Thir
SNIFendﬂymk axgd ERETMpgli sadions"Whcleic e\cmsdtbspaph 2920 rSO}DTIﬁOm primers are

SNP j til N | eot i
ugrbEsinBe RS S Gadros Spueh e RaR Biebf S apGR stppper
Thdye h%dgﬁtrerﬂliﬁﬁ@élﬁ l%hds CENA deectiRW IS FCR PRIAMBR iR RbmBEeneous

Site. A secondthe nucleotlde sequence contains a

solutipgl. elova dhéfepmt joronapshare pessithe the staerloa’ ifgandt gpd fice daglex’ format.

In l%%l%’ Paestegﬁlg Dor 1§% g}eolﬁ%%{l}? {s;’llg £l aI 8%18 Qoatsf&eelé c%rﬁ? b¢ %corplons in
all fc@ﬁlﬁﬁ ade: (f)ladCR Ehrrieh \§iiNa PR bHRY ﬁ;om-aem [PGIB{ Iteaethrough of the
nmor phism This conplex is recognized b

pro @ p orenk; £iiig pepedifie peohe seavenesaged (ivhy ﬁé%ref»%ec‘zﬂ%%%éystem
cor{ALS -GS IR FAFRIES PR BBk it g Scorpion

pmﬁé@ be batahngnpiRioh doataglss, setiineice hat fscnomph@naﬂmyhe the probe, which
| ex structure reco t he O

s rfeesd inglc PR GBS el yneT Siertion dtege T SAPIIIK Gifior @n cooling, the
prog(lg\%%{e.r tBE]cl)r %ﬁﬁﬁgeﬁ@e@{&tﬂg ehce, g(fdhylﬁé%ﬁ%&sle mbﬂuorescence

typi ng, e sl probe w
as tte ghgmher i @o hytget di the vwiitity of the fluorophore. The PCR stopper prevents

undesirable read-through of the probe by Taqg 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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either the reference (wld type) allele or the variant
(mutant) allele. Unlike PCR, there is a |linear
wa@ppbi2iseat i on of signal with no anplificati onP@f/U$1965/020250
nucleic acid. Further details sufficient to guide one
of ordinary skill in the art are provided by, for
exanple, Neri, B.P., et al., Advances in Nucleic Acid
the @'%c@bﬁﬂ@éd@méﬁ&' cbﬁtaﬁls?a&ﬁﬁlebtldg pdlZhorpHién) Taathvdd&: Ohgo interferes
Pat ent No. 706, 471. [0064] A variety of nultiple
Wlﬂaihﬁlhllfdllé&@f tbﬁ sigpakrpRe @a*he treed gueleicacidomich that ths' \ﬁm pf the signal
S. ” f
oot 00 HERIARs Vb ML BRI, ol it

rec izted e stiutiues rbifle endbelchase K:@lﬂmisthe ﬁktdfavaée fmlzymh Cdeavase
gned to_hybri di y to a

onl uI a
cleagpr it Selgmoting pucl Ippides dns released o tﬁxmﬁﬁé pfope bearing
t
AU L O 105 o
This timke tha €leatdsk iengyine elaaley séhloumhotwvwrﬁbmtaephenmemmctproduces a

the differe el s are x0|te and/ a ecte t, ... .
oGPt LR vﬁvgl\@bg?fww% STEH Y of P aglltgites Frodpridize with

elthgll ﬂ‘x@ h&efehBE @Vlﬁp%te)r ﬂ&@é’(m’thé 9&%@ (rﬁﬁtaﬁﬂ) allel6d @nllkWC‘Re khere is a
ker, New YorKk; (1971); , Fluorescence

hneAmahylsﬁ@nomongnahvaﬁi nm@ppldé@hon Wﬁﬂmemcmal@ed Fuyqggr details

cGotio 337 o P N e SCE e e .

al., Rid9sifoes MeNuABIckA cid 387 BioteifdAinkfyisisi3826.C07-q06, 2008) and U.S. Patent No.
"Constitution of Organic Ml ecules, Acadenmic Press, New

6,70664°K, (1976); Indicators (Bishop, Ed.). Perganon
Press, Oxford, 19723; and Haugl and, Handbook of
[00&uopBsEieRtoffiatipex angliResitar ybtefb eni balised iMebejanttam with the

Probes, Eugene (1992) 0065] Many diseases |jn
pre@ehméntrﬁslm Y |oea§>rp@n§,eve fiﬁ@rené fargdie caoRg 366??@%415@91'&61%60“815/ by
us1rg~I %Fe‘:&lﬁ%iﬂ %1(91 SPhiERISRIABER }%fbrfi’hze onlyto a

n a s nucl eot 1 des,” frequent|
partiicmlaﬂ tanigaig Sancsn‘mng proble has 8 idiftdrentiabel, dmdmigto b argétrigbe detected

aSﬁC}Lj gjgtdtggesgg}%g%&%ﬁ i %ﬁ%{lﬁfo&? g,}&(%lge %ﬁbg idﬂg%{gntll%beelsstih?t are utilized,
ana%fseé"&'n% &H@u%ﬂ%@l’i ﬁle‘ BIFE4R 16B1S HreleRERST £1d/IrQeftBted at

ol ynorphic site. devi ces descri bed herein can be
diffetent wz*e@ertgﬂlaietaesmglmmacmml | Shene. g§ Yluotesaeneg Speditasdery (Pesce ctal,

e B3R nA S BT P BRI prcic

ApStoSkEH) VT MI3 etk VST GWJ)&SP@WO)? BeAnBaNHIndb0k B Hﬁlotésﬁence Spectra
copi es of a reference aflele (a ref erence-t

of Avomatiy dbelequlespdnd edpircaseatic Bress, Aew ¥pes éh%7é¥,a<ﬁraff5hs Colour and
Co%sgé.}t%ﬁtof @r%%ﬂlg \%{}Iecgl% S, gf:{lﬁf*ﬂ% ?Ize\ég %e Y\(?g{, (%5 ?'n@ﬁatro}‘p(Blshop,

Ed.h eeegygntEtss, Dhestd cCoTdscandigaug] genHbydhiobl oﬁﬁhioy&c&)t Probes and
the nethods of the invention can be utilized to

Resepich Ghemagads, Madpebard robgs; Bpgensi(1¥2)However , as

descri bed further below in the section on
[0065] t Mpingxisegses tinkedriot dendme aanlifdasiond eitherad thaohost organism or of

mfe‘gﬁ;%ra&]ggqelsrg%%rg %%}X%%P%&F%gﬁlcg%@\%g ﬁglmélgﬁlél’%%%}/ of nucleotides,

frequently involving a change in a single nucleotide. Such single nucleotide changes are

referred to as single nucleotide polymorphisms or simply SNPs, and the site at which the SNP
occurs is typically referred to as a polymorphic site. The devices described herein can be

utilized to determine the identify of a nucleotide present at such polymorphic sites. As an
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di fferent genes or conbinations thereof. [0066]
Devices to be utilized for conducting genotyping
w@nabgswes are designed to utilize reaction sitBGI/U82005/020250
appropriate size to ensure froma statistical
standpoint that a copy of each of the two alleles for
a diploid subject are present in the reaction site at
1nval\)rw theatek @ miiiof @f Glethe h RISd o%a!ﬁﬁi'iﬂ\(l%e an Vg W?t'lﬁwo copies
ld yield results suggesting that a heterozygot 'S
of %tac SR2\FEBRESIWRSPDicH @g&iﬁf@r eacq;ﬁ%@;e @ffefet'@lcs-emdﬂ)mozygote) one
ction sit
corgrEh e 15 rEenke FRER ke hi1ge (65 Q0P dcRe. gERafts two copies of
theprgswrileler(i.a, ivﬁlhanteﬁﬁﬂ @by ebteIEWREn \é@ﬁdu@ﬁﬁg eﬁsxrmmhg analysis,

entrations that can be utilized with
me%%@ﬁ&&@wfﬂw B8 |UHflzeF1a119|1@tezrogm Aisegletarigahvitee However, as
desERPERRLESREN il ﬂle%e&l(ﬂlm{lfﬁ?gegé‘% H‘%gna}lo&shc%n a1lso be used to

i ndi cated DNA concentration a genera
determinethe g&n@yp@oﬁammldmduac irpmeppdifeesit DN 1ock, ketheeithe same gene,

nunber pres efore an anplification
dlffﬁleegcg‘?%%ofgmﬁ%ﬂﬁ@ d er& ermines the likely error in
t he neasurenent. Genotypi ng anal yses using certain
[006@lyi Deuices o hewtrhczadl for ocod@hnmg ednatyping anatpies ardduesighgd o utilize

e AR RaR, AR S T gony o acho

the T\ﬁ@] hﬂﬂesr ﬁa@ﬁhlﬂﬁ\fﬂ s@bje610416 9stélﬁt1h ﬁfé%eédﬁo%it@ bt 4 REHEHISDRA
si ngl e genone per reaction site. [0068] CGenotypi ng
Cona?rﬁra?%% tsrpise. @sraalysis @oulérm@d zesulis sx@gystm‘g ttlatf« leterotygote is a

honzc%&% O sttty | b% Fg%g V5 tli]18 cdogfl allﬁls 15%% §’6‘F5me gt the reaction site.

Tabiket belbwandmﬂed tlmniumﬂec oﬂbip@estd'f RS mel e cALiBSE 1 Alveaction volume
whet her a glven allele is present. Thus, anal yses can
ot VERPStSREPHEY PN cansairgtians shat camsbe wtilizadweithethe devices described
herdiypi cal ly, prinmers and nucl eotides to detect the
presence of each allele potentially at the polynnrphic
Tab are | cI uded. 0069; Singl e Base Pai r Exten
tgF%‘ﬁ%e SQraCSES PR thi Binolisss é@iwﬂil%tlthﬁymdwated DNA
ed for conducting genotyping anal yses. Although
LL[ThF‘r of SPBE assays have been devel oped, the
e ndfodume fimnokieh) | 5 qui tENAMUgAL) Typi dal |y, these
ssays i nvol ve hybridizing apyinmer thatf 1s 100
pnpl ementjary to ajtarget NYE[Ei C aci o guch tha, the
end of ;The primer s 1 tety—5—gf—the—~vwartant
teor WII adjacen H“r wl enst-on—Hs—condyctedin-
nnnnnnnn Af rore q lLed non-extendibl e

T [JI CoOCIIC T O UII t
nueleoti dég that are r-nnml PpﬁgﬁgaLV to_thne 1

0 xc ot i de(s) t hat occupy the variant site and a
[ 06& yﬁ%?r general mpatten,slye &g sloRbRsHE aropaeticaing efdhe saneple, the copy number

i t r er ex
pres@x'ﬁgJegcgE )z}gngn@glgl:%%)ge@%?gr s cort ?—: eﬂ %}}crlﬁ%e?y crﬁlr in the
measyremeautd €ienotypimxdnahdedtdng cm{aﬁoﬂexd@(s a}e ﬂyp{callfn‘):onducted with

I emenbarx to the nuc|eotide
sampl avmg a DNA concentration of approximately 0.10 pg/pL, although the current

""U)OOOQJLQQJ

inventors have run successful TagMan reactions at concentrations in which there is a single

genome per reaction site.

[0068] Genotyping analyses can be conducted using a variety of different approaches. In
these methods, it is generally sufficient to obtain a “yes” or “no” result, 1.e., detection need

only be able to answer the question whether a given allele is present. Thus, analyses can be
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at the variant site, then a | abel ed non-extendible
nucl eotide is incorporated onto the 3' end of the
wW@ei0sa218690 generate a | abel ed extensi on producPCT/BEI008020250

extended priners provide an indication of which

nucl eotide is present at the variant site of a target

nucl ei ¢ acid. Such nethods and rel ated nethods are

RSP H%,welvBr bhoPe typadaliff pri¥aérs abd 8d@eotdd?s to detect

pmegﬁﬁ%%% &rg}sls 510 Eea 062 Tand B 710, 028. and in
the pAGBeRR¢ Qﬁ%h a11{31© cpmpn@én@tttbppwgmmy sitasarg aeludedo be

conducted using quantitative PCR nethods, hi this

[006ORS ESm%ib Bhass 4t Erdehyioh e$BPErepttivbe armmh@mie&pyciﬁcally
eac

the allelic forns_are included as re nts,

develeppdtfeeonguetingeqnebiping #abisedt H]é@ggr?d“ﬁ&hey ﬁ*g gg@é.assays have
[ e i
beengcylr)é(/\;%}/o%ed t{m?e] gg&ekﬁgﬁpgﬁé}a ltr%%c ‘rf’tg gl ‘fa{'r q"yg‘lctaﬁ Hés\étagsa% fEbRe
hybidiginger: prirﬂérkhactﬁs Scbrgpiainent:ar}dmat thrgeahméclc @cidfsuch that the 3' end of the
particular allele or si a failed reaction..Far th .

o g Lk oS T e B ik bbbt
the }F}Q%ei;c? éfsor(eo r ol PhDk e@ R éktéﬂdtllﬁe nﬁc‘ﬁ@otﬁle@ fieh apt dodigidtnentary to the

pro each perfectly conplenentary to one of
nuclbhlﬁdaﬁi)lthﬁte&clm}etha seadrnt yité and apelymernseh&he peryextendible nucleotide is

et her w

a nugi?epg :lu'fa&% meb%ti/mgg%te@éﬂ%ye&g gﬁ{yél?eﬁ:ilsr? émf% glcorporated into
the }%lﬁ{'égle trr A G hé- Eﬂghkﬁﬁlé ﬂu@k@tlﬂé(@ 1%?%)%%léilhéll%ry td the nucleotide

lele to which aDFOEIS (0] enent ar IS ,
at tlprvasamttsﬂe;thmhe laba}egepnmﬂendtm@nu@mmm m@m@rﬁt%@l}? ghe 3" end of

erey res det ect.ahl

the FSETIS BT el BRC DY BLE U p I oG PDES pRSfde an

indiSit{ichesrertiéiphucté didelis #&s@bbﬁﬁhe Qdmartt Rize bl tulr et yludélctahﬂi Such
nucl eoti de at the pol ynorphic site can _be determ ned

methddsirod ielgied meatkodsrase didewssece dor xpeRles it H-SPRenENOS, 15¢846,710;
rese r I t t
sofiPRCShmplle RELp B e R SR,
section supr a. i s express din a Qartl CU|

(00 e anATInG AIEFS 581 Ho e padustsd iRe YRR {}Cﬁgn&hods n this
9 ! Ré SlRHCIPrm luded

case Hgféréﬁtﬁﬁlw %dgfi/ra?% %%ﬁtiﬁgéﬂégjrxé? g@. (ﬁ%one cg [ (Searg ncluded as

rea@ntsetdgemen‘ W)th arimersy) npalc@dies @nd helysyepases slovieveie veaktonsfcan be

con i SRR 5 S 0, D i RO g B e ko

mgﬂapféldﬁg o abdhcb o Mlcdlhﬂ'ﬁlfeﬁédoﬂsﬁnpl@ CRIBRfasitth. miir\ﬂwiyplcal
heal thy and di seased cells, between cells from

bialletidicasedn avmch @m @lﬁlw arqpetslelfaig nohdmerehicsiter Hie differentially
labei dg%rroﬁ L d n g%?lll)l\éllnd Hf% EX ‘ioso%tr?\égt??lgaxﬁgeség r@ﬁfsﬂ%ﬁg thdified in the

reageflt mﬁﬁﬁl%stdgﬁﬂh%ﬁwﬁh@ﬁ%ﬁbﬂ[bd UBLrS, nm:lej)tlbed alqol¢rherase. Sample
est and control cells can serve as narkers

contamlgg the target PNy ﬁpgtro@@?d g;g%l}hgq rgactiop sHe. Cgﬁh%%ﬁ:g&bpo\ﬁ%lch a probe
f
18 c?lg?%e f’aﬁéﬁs Iﬁ%aéﬁelﬁli}ﬁ% gﬁéﬂ i C E@Eﬁghﬁ&tgh%%@tﬁ@,dch&%HI Pesulting in

genes can serve as .
a ddi@tdes Sighdl ak ldesdlibeé asthe alatécﬂ@nalpn’be Baseal ﬂp})nbrdliclt of the differential

as the basis for d| nost éest These s caul ed. If
signgl ispbiringdy ﬂ&'elfigntlt)&o Eytl St tfm? BokymQ 'i:]él ed?aggg termine
boﬂg%(lg'mls b G el fedp El%ﬁ%gﬂ{ eﬂﬁelésrb?é preS&H! tfhérﬂld%y&lﬁfg&ﬁidn(gﬁh@feacuon is

ression o
performed as described in the temperature control section supra.
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up-regul ated genes. [0072] The design of the
m crofluidic devices utilized in enbodi ments of the
w@e@sartsed nvention is hel pful in facilitating BCWEH§100%/§20250
of gene expression anal yses. Because the devices
contain a |large nunber of reaction sites, a large
nunmber of genes and/or sanples can be tested at the
is espresset] iime pattiiliag célheThd daenfihawncdaneeakanys 8s: gdifally is
inst.ancg},5 é&e expression | evels of hundreds or -
quapHsfends? Siticrateses sxpesen aralysie dhedevelh ef thamene(phin.one cell
: . i h . . '
e e g i Rl s n another cel
(comsrareplle, A avidampleaty obsuwhethphrisms aatbahially. Egdthpleamchfle, but are
es in one flow chanpel, with. a sanple froma
not Z‘Fgf?gg%& coRmarisem Detiveh eal apégwwea&ﬁ% bRtvesh akrefrom an
indiVhtivel fr&AbdNyRh S0b BRGERdIREs £85CBhe ﬁhﬁ&&é&ﬂdﬁ%é @tween cells
accuracy of the results because the two sanples dre
exppsad to 8 parfeculas hexiciny podcdls nohexmaed; ahil se oan Genexdehoschgpression

ondi tions. 073] A variety of matrix
teve Uy RERMEh Gt o Spboelt ot 1oy St g treets for therapy.
For enfiaplieNERatcertih grilg) oF R8EIHs fhMeReQpp-rebRlated iRl dRbasdel €8I rather
devices include: (i) a first plurality of flow :
thareheaffhiscells éwmnpmcmemeﬁmrgm of thelslisease @d qanippteatially be
1 i 4 - £l annels fo djnth
uiiEE R Bt Rl Bl e, FPAR RS oI b 1kl A strategy for

treatihgithel dideyseohight twhalegpoiiarel thall @dsuf§n ARedcHi8Y oPéxpression of the
reaction sites, (iii) a plurality of isolation valves

up-19pWad 84n&% t hin the first and second plurality of flow
channel s that can be actuated to isolate solution

{007 t e deaign affthé iécrofbaidic denices tielzedrin @mbolimdn@ ofahe present

. ot.her r jon sites, and (iv) a plurality of quard )

invegHid s eipa@/@rfg@wﬂﬁgaﬂénsﬁy Yhsere grPresiontanalysesh dnsanss the devices

cont@iiH R eI ofREHH sitl&, 1: q{dn%b]{ of g&fespaﬁd/or samples can be tested
prevent nunber of different t'ypes of rgactions,

at therseing dinrey Wi theibhind [flpvnchaneetpler ks fer inetgndeatiemxpression levels of

huné%%%or Otp%%‘%é&%?ﬁ%:eﬁn %nﬁ{ecc{]e ¢l ?Iegsaatlgllﬁds,a?rgegélégg éaq[y?c(:)e;ﬂso
facilityel diffbreittial QeBE EQHedsOrBRBIEs. a¥ithPhd MEHENRRRA! for @kample, a
"blind fill" and are characterized in part Dy having a

samplie gbtainadyiresn aiepltey eshlgan dledestedhingmedlos Hannelcivithnehmple from a

. [ . i.50l ated en ch that sol utjon
oo 00 SRR A0 ARG SHE Dbl b o
dete¢tioreand thbecctirdcy of dthic RsSIBPBERLS: thehed sanfleOie!rBh oh Me same device
the bl.ind channel). These devices require only a
atth%?%?@@ﬁ‘@é‘ng@rth%%ﬂe gMdiiPnehannel to isolate a
region of the blind channel to form an isol ated

007REBI Ay Shohrin ok AP SIRI % ittt fRvRe to embodioments

of thampadsyst iavaniend €pasin Fdhat dbied @8kE0[) &t lurkike 02 AW
resylting in a signjficant reduction in the nunbér of

chanpgls E‘Pméﬁﬁidn daestoserigybstraim 4ii) 4/second pluralityl o€ Aawrebkmnels formed

in thAbBsOIMRES ' -networ k .of chan S
I S ol Al £ RS AR MR g7 RS am amay
of regétrogl sétes, dfii)lai prutabity ofisdigtion wflvesaigposed Wwihih3he first and second
plurality of flow channels that can be actuated to isolate solution 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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Because of the reduction in conplexity in inputs and
outputs and the use of only a single valve to isolate
weawlvizwaction site, the space available for reerUBI05/020250
sites is increased. Thus, the features of these
devi ces neans that each device can include a |arge
nunber of reaction sites (e.g., up to tens of
numbQ VI IARGENt tARE oF ddhcl oY, eictudingthosemobiving teirtperature regulation (e.g.,
densities (e.g., over 1,000 -4,000 reaction
thernsoayeling pPyucleipasidiagalisasy and col | ectively, these
features also directly translate into a significant
[0074E d Sotiear themidreflwilicaleyices wilize aidssigadypiceipref@rsd;tg herein as

e Lradi tional microf | uidic deyices. . .
R i S e S e e
chanBelBWRicK af68dv0 BharnelsgrpRal deadied of Isulatidendautlctmt sffution can

this type utilize a plural |&tﬂ’¥ of intersecting .
onlyteoter 2nhexit tharbding shannehpt aueeRd Erriheteds pot arepriate iglpt and outlet for
rr.ay of .r ' . Sj . at N0i - - .
e B SIEAL 04 SR ol E B Sy LIS BBChRR o ol
a regi&f:l@ilt theBlisd bmmﬂt@vﬂeme ap isohe¢derehation diter drringundmifactfre of this
sanple inputs and correspondi ng outputs to t .
typetoh deyige, e onm%@reasw%gwﬁp%&%ﬁg A0 ﬁld¥516|é’§? Cgsq%gﬁv%ea"“on
s RRPTIEELAY 0 St ASTRh ARy kot cppue
Addtt{m:hal]lg hh¢ bisid ¢Haandie niezonhattedio anlinteraonaenied sstwotkuel channels such
allowi ng for switchable isolation of .vario fl .
that gl Hfienction Fitgheans o T  SREI G PG BB, of ol impus.
Becﬁgégﬂa o 1ERHER $n BdBpIEEiRY SNBHuth nd BRUGana thelsgf BUAdingle

yses under different conditions with a limted
valvatoriselatedack aeaoties sitd, tiee space aveildelgiferasaction stienistipereased Thus,

0 anal.yze l.arge nu r of ,sanpl e e | i.Jmo :
e R e Bt P e s A ST b M i racin
sitesqk. of, RIS 1dndQf ARRBARIs) SleBarchitpehigleesdtiohetle densR{ek (c.g., over
publ’i cati on WO 2004/089810, U.S. patent a plicatioq )
1,000uAE90 rhastion Gitedam D g dndivigialishand leggebo@@ﬁe feppeygs also directly
opendi ng ¢ n ' ' ' -
v ) RO IRE 20} ke ARRLL S0 RN uions
micREMidie8evitdsl ed June 2, 2006 (attorney docket nunber
020174-012400), each of which is incorporated by

[00’7;}5@; g(?@g{ﬁidg@ﬂﬁ'ﬁl%. (I%Qfée% ﬁ'gay are Uischlskd BYCROSAS e a%élétﬁﬂ design. In

rvely partitionin evices, a sanple can b
gendrall hiiérofinidit devices af this typt utibzod plusditpoéintersesting darizontal and

vertGaCHE KB lo 6Ty B SEFBPPaI D & EUPCBe ERgresfby. Ths

devfé@ssﬁf thiReHsiBR aRbMadE Bn hivh} HEeaGRAIsAEE; HomEOE, tHRrPR allad¥r number
util1zing various conporients such as fl ow channel s

of smoplerigputs irheetespondins/espetn B srcopurmsiste B jar gnsmber shsamples
B

soluti8h B8 MGl ls¥lectikibiheieinGas thd hérédontdl gnflbwchatie)s, ithus allowing for
formand function fromthe majority of_conventi onal

switchahlofsblatiah of Heneusdlow shannels én st f FERES MASTSag e blind

channel devices are designed to conduct a large number of analyses under different
conditions with a limited number of samples, the matrix devices are constructed to analyze a
large number of samples under a limited number of conditions. Still other devices are

hybrids of these two general design types.
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or silicon-based materials. The nunber of reaction
chanbers provided varies accordi ng to enbodi nents of
w0 b@spesent i nvention. [0078] The design of tPEI/US2005/020250
devi ces enables themto be utilized in conbination
with a nunber of different heating systenms. Thus, the
devi ces are useful in conducting diverse anal yses that
desciidedin BCT @ubkéatiod MEOQD0H08D 3 1 0AUUS t patema kipiylicatibwsember No. 10/
m crof |l uidic_devices adapted for use in heati

19GSHERIHLE 290 TREST o FeeBmEIOPTNEHY ABLFSH PRsRt gheLication No.

to ms?ﬂh &%&\f%@{ﬁﬁ% &tu&ﬁula&@hﬁl&ﬁ%m&n@est SRLILAE2, 2006

VI CeSs ype | genera i ncl ude a
(attoriybdurck ef nugalkser 62@117@09@11@1490); aalrhoof wle’sletsmocorgonateddatyanfeem@e in its
et B S e e SR 2 gt e prtioned

into %ﬁﬁ'&lﬁﬂfd@ o‘f"lstomtéﬂ 1eh&iRl RALBBR! dfd BRIk dhrried Ot WhiuGBneously in
the device is formed, thereby reducing evaporation of

eaclserapiber.mat er i al fromthe reaction sites. [0079] In
anot her enbodi nent, a tenperature cycling device nay

[007% UBRANIPo MmN rd@tncéﬂ%ai £9E6dcAbLd Berefn drb Eurthies E:Hafrb@bﬁbtdd in part
devices. Preferably, the mcrofluidic device would

by w&iamge@no@s eraieonehis nsn@h asciinw sleannglst epnitied chanaelss Yalyesi a@d/ or

pumé)s %%g:ﬂ,eﬁ\?‘gr g ltaggpa@ 8%832{‘5 é’%l'lsglslﬁ asg%\éllﬁs?aﬂcﬁ §E&Bﬂﬁlg)ﬁ%e%tlre device

is mA@é bOEThMbmari Cdaterials. [onbauestls hu&SdéVlcﬁds alsfifércsignificandy in form and
a w ndow may be forned in a region of the carrier aqr .
funagiondeons thermaipsty afitenysnsion! micerthudis deviges thatare f%tsteg frpm plastics

o S5 2L TSI b YA LSR e psoin

emboyithémgo iy posentlinveatipn ef erred enbodi nent, the
heating/ cool i ng bl ock has grooves therein in

45 8 tﬁfédea%hfbﬁm 3h &vith b
[Oo'ﬁgkl ng (tfﬁg{egn%tm (Eéé]rlcn%gtélﬁ%dé?g}hag ri glud1 t her mal | i & Timbet

of diffarehtdichtite sptstmﬁs fitps 3he Boncksdire usetﬁlden ebedustingdiierse analyses that

evice t and c oI|n
reae P PO PP e AL TRP hal P BB R f Qg el for usein
heafi@PPicdihs @0k Bl 4B h f@khet @edigh fealire id’lﬁmﬁﬁﬁz&@&poratlon of
means the devices can achi eve high throughput

sam@is] ﬂr@ntthaﬂ@ta@tlom sites-hPgticesaidlg ft,mp[m &8 & £ prmber of guard
charrtj%e:l]% %ﬁMrﬁg e?vgc; rlsI otrI lesf ?orH% \ﬂl ﬁ?eseléég(ﬁ£%c d&kice through which

ge nu ers Oor nuc e|C ac
waté&ihibkiffoatddas ﬁldr@,s_@ the watyvmbap@san@ivithinethe elastomeric material from

(PCR)).. Such reactions will be discussed a
whiglp thei cf@vm i§ formed.rtherrberegpcipg evaporatiqnof éﬁmpf?én l{g}fﬂgfé@n the
Iemgﬁggﬁaglly of their use in any reaction requiring
nperature control. However, it should be understood

that t he deV| are not linmted to these C
(00 ) Wcofsh mbae e prgaReretiFe BEIE AT S eaed Brontol the
teméx&raﬁl?% ¥r @E nﬂt:tl?y?l'hl(flé/ Hé‘\ﬁcégf P?é'f@ila}éﬁle ﬁle(}ﬁlcfﬁﬁﬁﬂlb @8®ice would be

anpl es i ncl'ude anal yses of profein-|igand

adapted 6r moké tinsndrmtntant mﬂa dta oivsofbedigaericee Wlsﬁr%ttb@ microfluidic device
is s%/;f})rpgtgg f% {IF%%@ 8@@1 suc ras%xg%argg sfide 8 fheBoR¥h 0 % carrier plate, such
as a plastic carrier, a window may be formed in a region of the carrier or slide such that the
microfluidic device, preferably a device having an elastomeric block, may directly contact the

heating/cooling block of the temperature cycling device. In a preferred embodiment, the

heating/cooling block has grooves therein in communication with a vacuum source for
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specification. [0081] The m crofl uidic devices

di scl osed herein are typically constructed at |east in
w@aoos/128em el astonmeric material s and constr uct BCI/D$2005/020250

single and nultilayer soft |ithography (MSL)

techni ques and/or sacrificial-layer encapsul ation

nmet hods (see, e.g., Unger et al. (2000) Science 288:1

reachidnd ark@akid@ §1aBET. ARbHiahhﬁe‘ijl | 201 YV DihA Dl Oriuctiod platef may be bonded to
whi ch are |ncorporated by reference herein in the

the mgrpfleiie deyicedhat tbmrpse@%gf;th ths peafipg Apd §%ngﬂ%?%€9§ efficient
the ‘EEQ%ﬁEﬁgiﬁiﬁﬁmgfeS can be designed in which solutlon
rou channels of the device is

controlled, at least in wth o nor e co tro
[0080] y Fag arrayfRrmairqd °§’éib‘8r°§ feiicsnEnRs e g*Wle?Fa%ﬁé‘lc Ehigh

thro'ﬁghglﬁle a%ﬁg&fdelér g%’?? %ﬁ’ﬂﬁoﬁﬁh SEAERhperhtirs cORITY %%h%llﬁ{es make the

can ted into or retracted fromthe
devfde@meﬁﬂénnpérfammm’g la&geahmdaewvﬁmmlem:m amblifieations (e.g., polymerase

Chagéﬁgq%?lt(gﬁg% eﬁ@g %Vplg%w}l g ¢t gélls?q?ieat gé]gblier?lg a\M]]htsﬁratlve of the
utllﬁ}ﬂ §f 'L‘E@ ﬁ@&l@&e eér%cﬁﬁgl |o? tHeftthsk 'iﬁ Qlﬁeaétﬁilrr@@ﬁlﬁﬂg %ﬂﬁpefrzﬁtﬁfé‘ control.

| ow ch anne Sol uti on | ow can be | owed or
Hmemer,nemoubi hmmratmddbgtﬁh@ ﬁ@vwetsm nwdnwéftd tolthgsa garticular

ons of co nd fl.qw

appfigiant’o hhe B8 ES B bledllP oy ¥ sinaY PF abebbrobyfanalypes or
read{idh¥.€Bx e@ﬁﬁﬁﬁie%ﬁzﬂy&@@*ﬂbﬂﬁﬁﬁ& o8l iHtéractidns @nd ageractions between

described in extensive detail in Unger et a 2000)
cellsendyrrious ggmpoursisy Fughersgrgmples apg providad ﬂ&ﬁ“&*&”é)@ﬁ@;’s@fst

01/ 01025. [0082] The devi ces provided herein

Spemﬁgo\rﬁ&)rate such punps and/or valves to isolate

selectively a reaction site at which reﬁgents

[0081]] ohlemi@ofwdicdeviges displgpsdRarsin agfelypica W&Sﬂ?&aﬁeg ghigpst in part
frmﬁ réﬂfsﬁhe\‘ﬁ'rﬁ\fﬁ%eﬂg Endldsird & b ﬁhéfésaﬁd %ﬁﬁﬁzgreslogﬂggyg%}a%}%y (MSL)

ynerizationreaction Sites can
teclﬂnmlesﬁnﬂomamﬁmabiaydr érfoepmatetionanethodsriscepe ghiligehet al. (2000)

I L T T

refé@énck hl@f@lrpi?lf’tﬁa? 'e:§t1re{ynfola bl Bﬁl?ﬁ bannetiligify ist&smethb@s, microfluidic
reaction site is | ocated end of the blind

deviges nmebe dgsgpedin whwhnehml@p iflos ﬁhsougb flgav @hairmelz efitherlevice is
conirgggcf gt?usrtem %glg,t : rrleggrgltg(lg onc?gggroel éi’lannel &lr %%gé%rﬂgd from the flow

grea
chahid] |b§,anteth@to€1h@§:trﬁ6fﬁbﬂaﬁe ey nt Sl“lhy meﬁﬁirdane dris@dertt@an be
support (e.g gl ass_ sli The resulting structure

defleind i nt wasteécf@mn the flov @Pm@éﬁlawla whichrit qoarrowaﬂléel if gysociated
apg%ﬂ?é . aétﬁ fo%nlto c%l 'iﬁleecoglﬁgp%]%aﬂhﬁ tgg%t?(?ﬁggfﬁe%ee to which

on Si he case
the hRMUraryis deﬂétﬁecﬂmw aeetanedeutftane dat fiow almnnelf, selutiomfiew can be

of thermpcycling plate [ 0084 ecause the devicges
Slo‘éi%orrﬁ’@ée Bplasked emreh tﬁ éi?%ﬂ“f AR cqrbmagiras plcoprol and
ﬂoxﬁgﬁér ol eog tﬁlé iﬂﬂ)%p@ﬂéa&'h préRACH ’v&’(‘i’e?¥ 68 et B b valves and pumps

variety of difterent det'éction
for sapmtating solution ﬂow as described in extensive detail in Unger et al. (2000) Science

288:113-116, and PCT Publication W0/02/43615 and WO 01/01025.

[0082] The devices provided herein incorporate such pumps and/or valves to isolate
selectively a reaction site at which reagents are allowed to react. Alternatively, devices

without pumps and/or valves are utilized that use pressure driven flow or polymerization
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at essentially any location on the mcrofluidic

devi ce. Mst typically, however, detection occurs at
WO b@snemet i on site itself (e.g., within a regiPCT/URAD5/020250

i ncludes an intersection of flow channels or at the

blind end of a flow channel). The fact that the device

is manufactured from substantially transparent
readiibh €ltésAdad ballsatdieangy bhahusbert ¢l diffelentcdotdtions syithirethe device. For

can be utilized with the current devices that are ng
examplebinesopa TRALXHPE foeas, WP reachan bkl Mﬁeéraéfﬁllwtﬁr%ectm of a set
of ﬂ;%%ycth%gﬁels DRl d @lnfk eg'aeé%esa e &dn Uik fbgogaﬁ&?%ttﬁé &nd of the blind

are i ncor por at Into e device or are

chasggpar at e fron1the devi ce but aligned mnth the regi on

of the device to be detected. [0085] Devices utilizing
[Oﬂﬁige 1T &8‘/1%%% b OB SRNRHR {eYnﬂéﬁéfﬁre%oHﬂerréﬁdtfoﬁs od.g., thermocycling

rtica ori zontal flow channels that intersect

readtion$)othen,zas deseribed o gjeatee tiptoid mﬁaelma@@@oraem d¢vapenig typically fixed

o SRk FRRSRIR PR hut) nERRER Thn e a0y g emperatre
conHHm% R e§ﬁﬁi}% a9 ceafollBe Ee%ﬁie@ﬁu@%ﬂﬁ&lan@uﬁ fﬂaaﬂidm/ﬁ’cey In the case
I'arge hunber of reaction conditions in a hig

of thérmongtingtredationatthe devies, cande pacadrpn eny pfa aulabﬂf frthgrmocycling
sanple is introduced into each of Mdifferent vertica
?TOM/channels and a different reagent (or set of

reagents) is introduced into each of horlzontq flow .
[0084]anResayse thrdavinesarrneade oé elepomeag aaieinds thakarpgelatively optically

uc
PSS, SRy PR B0 st
at ekdaBtiaBr dnydatatisndnlithe indaoflaidid devivec Dosh elpscali$ahavever, detection
differently, the valves e positioned to allow .
occurs|a BrerRetion U et (At BUBR REOD U iclides A jpeiestioaiof flow
chafthield Ukt tﬁ%’ﬁlﬂﬁg&dtcﬁed l:Kéi’)BEl The %t HApMRRleSice BeGamMTBetured from
evi ces Is type allow flexibility with respect to

substhmeﬂkyl temspaventonaterids tlyp ercanwthateeniein d:elteoélanpy%@ns ean be utilized

as the.nu r an ese devi ce
with PRV ieeF BIRETVEN YoaHhs HUn RO oT ISP BaEeT bR Crof e
deviQ@BADEIcBRc cahltR AMBldvEX uslgy t H@t@&of‘s&ﬁa‘t%@é in@Bplotated into the dev1ce or
I ncorporate guard channels to hel p prevent evaporatio

thaicfre sepapite framdhe dadcabutalishabesh teoiesioniod theayiderty be detected.
matri x designs utilize fluid conmunication vias

[0085]t Weehickawaindthe nirixidesigf atiethlly Ideva @)ﬁlrhlﬂy\mé&'melcal and
control lines and fluid Iines through the device.

horizeaiehflew chgnnels thalginteryertfiodorm AR afray %%Jélﬂctﬁagse Beggusg atf\}&ﬁefent

s T

largéfnu&ﬂjef bf $amﬂ1$58caaﬂie tegted ztgalﬂsay edlatdely ke mintbewof taattibn conditions
lines to_cross over. or_under ea

h .oth it bei ng, .
in 4 THEK PgP ENGBHAREAG SO PR Ry (TRl SAmBIErE egpRired ino cach
of KGR & nt %rﬁ&@ﬂ%ﬁzt chfain&glgamﬂh@ﬁken't PeaBerdtl(5:8det bﬁbé%%eﬂt@ is introduced

connect to a reagent ['urd channel” in a second | ayer
intd éucho§N lorizoatal bl cham‘na@ stmdvick N dg.féareralrs@tlhascasﬂdaﬁmogducted at
channel s

the spme HEies ty@}%ﬁ}ﬁ,d’fl?t%lgeqeﬁlacgg e éfﬁ e§, tzmggagﬂt{w Ee ! eg& %le isolation of

the %ﬁﬁ@?&dd\&ﬁ)lrﬁonﬂhﬂmﬁ ARLRIs2 'Silcf S8Rty CheFRRESard fp@smﬁned to allow
comruni cation with each other through an

selepqtltve ﬂbwqestcm@ngb thetveaticah ewhanneleorfing shrpagly 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
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associated therewith to control fluid comunication

bet ween each of the chanbers of a reaction cell. In
waiz®s/1218e4 i nterface is first closed, then reagk@t/Us®05/020250

i ntroduced into the reagent channel fromthe reagent

inlet and sanple is introduced into the sanple channel

t hrough the sanple inlet. Contai nnent val ves are then
agaghsh s eelatively Bamgmtﬁnl@ai@lﬁ réaR 6 taTtigds! The @B d®fces can optionally

reachong}a ethe reaction cells are isolated,
InCODATAIG, BUATY § %“\figl t9 ekpéﬂr%élﬁ@éﬁpptah@a@i earaple asd mictants.

chanber and the reagent chanber to be in fluid

[0086hmYamedi ghodensity Imagex Hesngrfseltlhsa flufiedon@nolEsdtioad ias between layers
ace. in the

of 8 B A i s nt(PL inS anit dbuid bt $asighithndovice. For
exaﬂ{iﬁ% %lytlﬁ’(ziﬂgtal e hnE 99&1?:11 14Ye¢ OF 891 %aﬂ&?&ﬁ&ﬁlogﬁ higher densit
design for a mcrofluidic device provides y

rea?ﬁ%lr@illauraag@nms/ar@@oamupt ésd witl beeastenMorumeto€ skififin the art, multi-
erent age nts

vt PR Mleg? BRI 1 05 o PRt st gt e o uid

conmﬁﬂmt:atmm GQh’ bxzﬁ@;ﬁ!@ inSi a8ti ] S WBLE, LRIFRE Fuf\Giafln
reagent chanber, the s%bgn%) ch a%er and tue rg elmaﬁmtlayerls

COH@?%%@ra TsagHmy flpdl ghiapned i e ﬁmmd dayter mwougiv amghwhlhe the second layer

I an I.nterface val ve associ ated
B TR N T
sanmmarsiaﬁageﬁt d’ramﬂw r@pdctid&liy 'ERGRMp AR Ient Shambers are in fluid

uraljty . nplelnlets each in fluid conmunication
CO“SW‘WCEFWQ ‘%1 g ot Hersh aningripen Plilitnjﬂekiha‘rrle?a genmterface valve
dc'i‘e{t@d HeRAG . Lh t hea
ass 4 Fs %ﬁtg ?g{lﬂﬁ&ofﬁlel& gw#&g&gﬁg@ etWe en ea{c og jhe; %ﬁa@)ﬁ{s ofa
I eaq‘unn @Elé Irsusenthblmtlerfamﬂ'ﬁmstlchﬁbd OlilenMehﬁan Dein@bdidee into the reagent
e of the reagent chanbers,

chand t?]gan‘oer S fe
ik 881 pagentip Bafgfﬂsaaﬂnl? i niepducsd inte thsg@mpisnehgnnel through the
samplGhlégleCBauinnt Uﬁvéseﬁg EHeﬁ'Eld%@ch Itc?‘ﬁs@ﬁt fé%ﬂ?é?a}pi\fq)ﬁ @élflfrgm other

el astoneric block fornmed froma plura
reacign gelts. tQepstthereagten ctdhle armelafedp’ée\rmbl\fﬁ:el & is opened to cause the

f nbr ane vi.ngand .t reagent inlet in
semfie chAEb TR P ARG e Re R8T Qo RGN BRon O eAgh osher s
that aeiegiegil readidnLdy taRe PRES.T Ofe 6f oldliRrP 491 ln?th(ét&?trw&.gd 20 oflize many
portion_of the reag?ent channel bei'ng oriented a
Van?}é‘}nédméﬁlﬁpéﬁ@écﬁldcﬁﬁmﬂﬁam each having a cont ai nment
val ve associated therewith for controlling fluid

[00&74) mMAktontihglee pahﬁcwlhhle@i@ffor HaNérbguidieddddeMBRovides for a

SOCI ted th the sa e channel and the val ve
micrg opstg ‘i‘f"é?f PPdif, éea%%émbeé RbAikerent ﬁampié$ witheN number of

diffGQFHYRR HRY ?ont o? ﬁl%ﬁe{htg Bfﬁ%%ﬁ Al c%ﬂg,? ) gn{xml} tellpmprising a

cont al nnent avin
samplg shambaent robagehbchaaibet, Ghaﬂi@@labmg)ea ahdl iR 8kt chamber being

) ne of the sa e chan or the reagent
in e e él?“m‘iagﬁ’é & Oﬁﬂbal?ﬁn&r%c? hamngl Iaeé'w&%bmtﬁ@faw yalye pysociated

ther&&AROR 6@1&%&111% ﬂﬁﬁecoﬁfrﬁ&ﬁéﬁtloh%e%eh% Al ghatcrlﬁﬁetr A the reagent

integrated i o the carrier VI ces

changherirepldrabigy effsdmpberindets gachuin ddid LomBatetivn witpiHeaiptthambers;
a pldﬁﬁﬂg ﬁ%reggenﬁ 1n1bt7slegc}§3%1 gec(r)m];ﬂuln?cdatlgrl? wit rtﬁeh re%gent %lcl)grﬁbers wherein

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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i ncorporated herein for all purposes. The carrier of

Unger provides on-board continuous fluid pressure to
worehostizissd val ve cl osure away from a source of PECTIUS2005/020250

pressure, e.g., house air pressure. Unger further

provi des for an automated system for chargi ng and

actuating the valves of the present invention as

and deSfh bR th1btie fRideoniiufid i GHEWitR e resgepel clemiteg tirengh a reagent
t he automat ed system for chargi ng accunmul ators and

chagnel, papartion obihe sampleshagne! andje porionph thetgagenhrhanapl heppg oriented
et . - ! e
R S
confolling flund Eédmiindnicaontheedtrowth; hating theowine skdaaed sithuhe sample
or pressure source, and may include nechanjcal .. .
chappsl epd e vabre assnsiied with Ry T5asant shanngk opgraie OB P EigRtion with
| 2 &5 biM [ Ravifid ot intSsht
cacf 6 o Bia SERE FortBHncfCConk oI Uk BRel iy e oK@t common
confrokshantel ilooagt dlong phiovitees narncd te omy ofitbe shnggge ghannel or the reagent
substrate for stabilizing an el astoneric bl ock.
Chagi%f erably the carrier has one or nore of the
following features; a well or reservoir in fluid .
[0088]rmTiné maderp Bwidie devicehutikitedsn smboisnentsoefithe pressng finvention may be

forty 3 ea PR e FrTEE SRR St 4 PP Ald EimBfly owned U
Pat&lt 255pAERIInNBhB&H60rIF7IUG IbyATn de #iSdd GHWlafdhadvN 2004, avhigtlis
~inor with the carrier; and, a fluid port in fluid .
incqrpewatediherain for alinuipashe  Ehaerderci Ungst prowidegqerbopyd gopginuous fluid

presfss%rldeirtg g?aglir;t%ini vy c%s%{reg%x 648> lupclheeogéfﬁltlfgregél'ﬂll%% %:g ,g‘g)use air

vacuum or sure, suc
preSyuee arngde sigtheb pebvades e, anvdvesirated syseena firaimtoieh aniacamting the
further conprises a platen _having a port that r(rlat es ..
valvgs o theraregen 1nﬂefﬁimastd8591&eﬁ1ﬂ%?ﬁelps dyugnather pifterred embodiment, the
I . .
RSSO0 IS, K0 O TR AT UL i
platde dat emtestaghingtesheion noee twifaves nbihd mmertlsidic hevice) wheetie the platen
rce can al so nmake, fluid co ni ¢

hassﬁg astiWe PR ICLE Beids 15‘5%}6% copEynicatipn Wy iagcgpmalg?hd \?a(r(}fm&ror pressure

soufddas: Iﬂg¥ ARt {de MRS cAPIRE AR ?oxamﬁﬁ?ﬁl‘aﬁngl; pédibasof the @llcrofluidic
area of the carrier that contacts the mecrofluidic

devitey for examples mitmot himited tyi, chedksvatede from a materi al
different from another portion of the carrier, the

[008%t eAhdthePieilantIRBl Beribd dithefittlof tHegftedett invEMicdVROvVides a carrier
t hermal conduction and distributi onﬁjpr operties that
T

used pea dilfstratedhr stebibipingas elpstoaterishleqko A referabhisthg gpsricg has one or
5 ; . . Y
ol 68 5B B DRl o RN Y B BRgGL

elassbrhet®@bloclpthedehad laassodel channd fierineadsn bt githyth@ecdriiad) el accumulator
. such as the type of silicon avajlable in the .
in fidrreramynication Vit e dastemprg Plogle i Iesist opebapned formed in or

Witﬁm't)ﬁreega&g | é&bg a‘fﬁnﬁc?ﬁoert nﬁxo%i'lid ceﬁlhﬁln]y{aggg QithAfe B8St6HeRElock, wherein

el ow, nments of the present Invention
the filnid pareisaprefombhypdccenitie b, arf atomatadpduece dilnacnign of prdssud, such as

to a PCR therpocycler, which,. have been nodifi ed .
the PSS YR ST TG e Agaoet e e Lythis Spmprises a
plafeRB00RE aSRHRA HASs @ith BRI M®A p¥rt 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 automated source can also make fluid

communication with one or more accumulators associated with the carrier for charging and
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regul ated portion that can mate with a portion of the
carrier, preferably the thermal conduction and
wale@sneiset i on portion of the carrier, for provPdi/og005/020250
thermal control to the elastoneric block through the
t hermal conduction and distribution portion of the
carrier. In a preferred enbodi ment, thermal contact is
furth8RoALe AYeABR106hRE iR ad Aeh e tHRfcaMas Wichfradts BtEmRFofluidic
nore channel's formed within the thermally regul ated
devrey wheminghe région tsemadg|froso a nécriahidfesen frave ardibermeirtson of the
are.forned.tg . contact a surfa of .
canfg s TG QR e PR PR . B oo R D pyduption,and
distABRtioh Srépértied tHaPareekfarantThoth thel diRerRstidd GfthotartiBe Preferred

thermal conduction_and distribution portjon of the
matggals iferrimpreved theratab eonsiyciioand dietrbutimclude, b are not limited to
-conduct | ' [ [ ri] T ' .
B0 e NS RO s e o Bicq bt m e
senfiédnduetor fibldtasiapolisisdon aftest apdrtion bt freemdiendafer, efg. tdhép.

carrier and the el astoneric block by affixing the

er nal . . : , , o d N

0031 SR DML, SRR A0PAL B By i
thetnid segtge Fonéxanipde, tinenotdimitaind adRGR theamdcydilet whishtmayrhave been

moflfied SR HQPIEINE TSHBOITB S QLR P QT SRy 1o thermally
reg@i%&?goﬁidﬁf thhGniniHe Qﬁt’h%"bo‘fk&‘&%ﬂ t|ﬁ§ darbier, %iréferabgﬂh_e tthﬁarmal
W an

preferred el astonmeric bl'ock coul d be replace y
condfictidveankidstributiceroirtien off the davies der praviding thenmah gentrol to the

ela%%gg&ﬁg%] e{)\%l%n thsic}i%r %ﬁ%@?ﬁ(ﬁ?ﬁ%ﬁ?ﬁ&%@tﬁ%ﬁ%&%ﬁg@ gfctﬁe Qrier. Ina
prefedlet feRbBiAnent/SAerntill cOitadtadd inRbvel b}l\?ﬂﬂbﬁﬁ'g B sMire®of vacuum to a one

California, USA. U S. patents issued to Soane, Parce,
or iEowswhannaly fermed witkist the thergalhxeegulsied paglion offas gherpal source,
m.cr.of l.ui di cal (e '
5Bl L PRRTEF Skt L AL R e Lokt b
distribueon p&fioh of thkkarrd vanppig sudion ttdrend maimaih tlopaitioagdshe thermal
and_ i nprovenents, e.g.,.suction positioning, reduc

condaptiegt AIcTistHBY R PorfigtheFIBF SHECht et PIPEEIB REINGHI G the thermal
confdh&écq{ zﬁldﬁé’tﬁﬁﬁion%rﬁ&r & R UGSEF 1sRE ir%prﬁ)éﬁzai ook} with the remainder
con 0 ck.1’n

ext usi ng an el astoneric blo vent i on,
of thb carigh put isiassrcetsesith e rpmeindeed thy exrrid8andibe Elastomeric block by

ottty Disrmal RSB e dismnaing Pgiom B e pmaue Blogi oRly and
leatzi?gs S RAYSIIRIN Sthe LRSI QO THY tALIGHHD UbnduREHE BSESisRIbtion portion to

i'ded while Teducing the logistical friction of .
redogepaatsi tinthernhal reffovte casied by Yt eamgera dtishepidotigndststood that in many

enbodj.nent s,.of .t he sent i nventi nabl. tipl
or RRERTED}56h o BruPE ALt RGP g PRTHE Tk Lol epac
with I%_ﬁ*{“ bf ite kaphachieRIui A6 d6a6R! e hedtth @ GlcaG iRy hedirg for example
utilized tqggrOV|de a total of 9,216 data points. In a

devpegsprasuiced sushapheCenatdimR)dysAffamairix(Rh EhargCajjfornia,

a n~o. N . . t .
SIS I8 T R I s g o P,
Fod2aWhildaiy, FebttiiesQudke, @bt destribeahictdfiuidic @ atesoscale fluidic

invention, reaction volunes rapging from10 )
devices that can be substituted for the elastomencqolocg( ofr tﬂe present invention to take
advantage of the thermal advantages and improvements, e.g., suction positioning, reducing
parasitic thermal transfer to other regions of the fluidic device, which are described above in

the context of using an elastomeric block.
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picoliters to 100 nanoliters are utilized. In sone
enbodi nents, reaction volunes greater than 100 .

wmaoh2sesr s are utilized. Merely by way of exam@i/E$200$020250
an enbodi ment, the nethods and systens of the present
invention are utilized with reaction volunmes of 10

- picoliters, 50 picoliters, 100 picoliters, 250

invehtia@l, iliretighpubRRreabdslrd hRK fied dNE ﬂSJWélPL}}s&%‘IS A@an example,
alternative enbodi nents, reaction vol uries of

thr?%l?@}lﬁ ingieases 9f A A#d0r afes 6, 121 ondhathend gesatsy a@(prowded in some

emﬁgdr}] eI ‘{sgr[zies%grotﬁgﬁ]%}t 1{1(%%22363 ar% %ﬁg dn\gﬁ%? Tetdg?lgg g}eelogstlcal friction

-of Q,;terdtlonsadMoﬁélﬂ@Bihe [gstemel aﬁtgm@ﬂloﬁé'l ef GabsERmeNts Of tﬁekﬁesent invention

rt| ar mcrofluidic device and the size of
ipls; 4574’ denmelinle smpigs. dior s¥gepienn aspecifie eﬁllbgdlment 96
[
m@@éﬁﬁfﬁhe e R B R RE SRR 5016 0ol IR R hcutar
apmelsas%gsssystaee ¢emporeatstafaTagivim® Nuckansh fdags. | n
sone enbodi nents, the nethods and systens of the

[00D2]E'S BhithdrbEd) %hﬁ@dﬁﬁe%ts%ﬂ th ﬁgen%ﬁ\rénﬁ ﬁﬁgﬂ;%%fdeq‘gﬁ\?deg "' &ttion

rangi ng f rom about ers per ¢
volpgaps. j bmmdm@ﬁsowp pmsﬂlt mmaneby, teyctivaywobfmexangihg from 10

picfegls 0 1 By bR GO e foRpodBOSH sy rcH8D yobies ereater than
1OOCﬁm6b1%f§ar@ﬁﬁh£ddQ M€yt \!vaﬁpe)@ﬁfp@é % BethBo@hiRAd!] Eﬂ@ﬁlﬁ&tﬁods and

of the present invention. 1n some enbodi nents,
sysigas $if thegaresent myertion ase uullmmmagmmmepeﬂmﬁolaeﬁ 50

Plcd’lhéljsh{z(ﬁ)gplccﬁtt Woﬁlttgﬁ il é)nlﬁﬁg é{,tegrg - {Ppeggrl%?fqrﬂltve

emlmalaxherﬁsr&béctlbﬁ &0lunted of QlnaiBifelses UeRTitérs algﬁ{lﬁno}i@?@ 80 %ﬁnohters 30
| e usage, Nbreover some enbodi ment's of

nan?ﬁt@rspf@§ 1t?fﬁv'5@rﬁain6hte£§ﬁ 89 e s Heods 08 meneljtetsans utilized.
adapted to performreal -time detection, when used in ’
[0023 mbDejecniding oni thb geemndtryt offthe gadiotliat ﬁﬁérdﬂulﬂﬁﬁievwel antl Fhdfze of the

S e P
site V@Jﬂ‘)odﬁﬁerﬁb‘ affhepadseNiGnt &R8h g%%\ﬁge g}rr QPF%%%%EOJ&S@% .LIPGV(OI' reaction

for the detection of sub-n orenw
champher) densitivs, Imsetné pwhodiorsts, élnahleihm(tsramdtsystaﬁs of ﬂh@@ﬁsent invention
d wth cer

ore YRS ABIGLS Bt et o4 aPep oGP ham et rabont 1
millénghainbes par f:ﬂné\/\l\/f‘et’élﬁ B¢ kva‘}%‘f@?ﬂnﬁ‘l‘et Bicﬁ’oﬁﬁdf&l fia s Qmﬁh Chamber

materjal; and a plurality of blind flow channels in

dengifigs ¢f %@M@@ 2atU0p H0.GPQ. 1251008, T00R00; hadhAR), ooomhaknbm mendm’ are
utlhE&i;éc%QrE?rIq Ola rhg}lqs B%t%e plc egg rhﬁ\'{ern g{}lcg.ﬂ 0 E%ﬁ%}legtg chamber

one reagen

dendities ineacdsk ofn 800,660 cm@oetm cth’ 2611220, allﬁhoggﬁ 864 Rhoftequired
one or pore of the reaction sites. The method can

by theypredsb M%ntiofe| ude heating the at |east one reagent
within the reaction site. Thus, for exanple, a nethod

[00%An Opevaingsnicniftuidio deviged With elmmln’eactfo@rvomlﬂés%&hdés reagent
ation reaction and then thernocycling the

usa@&wgﬂlﬁl A % USagn l\gﬁlﬁapv?rp gan?)?la‘a%{nen‘;qé)f the present invention

provide methods and systems adapted to perform real-time detection, when used in
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

28



10

15

20

25

30

nore fully described below, an optical inmging system

adapted to characterize reactions occurring in certain
worR@so2ised di ¢ devices is provided accordi ng t oPCT/US2005/020250

enbodi ments of the present invention. [0096] As

illustrated in figure IA optical imaging systens

provi ded according to sone enbodi nents of the present
mang weriatics, modifidsitors) A 2e6RACE. | Magi ng systenms coupl ed

to thermal control nodules. Such systens are adapted

c ] wi.th Nx M .

(0003) rat vRads Pt B TR Ml e BE by prgwiding o
mlmﬂmdllcedevmfebbail corptisesof flowehpires Ritinell BN 2iDEladtbinkHE Rraterial; and

ﬁrof g ice éih 48 x 48 reaction chanbers,
a pypalyy gf L’é&aﬁ? iﬁ%ﬁ d compmuBicaen with tha fove sharnel, avith an end
regH df Gkl BEn AR @hﬁﬁﬁf def] ﬁnggm!cﬁg‘n apd &ﬁe%sg "61%6 %élgen% is"introduced

utilized in a mcrofluldi evice Wwth
inte eachtaf dhe rehetivinesitesy@oditianya reddioniis Hetbeted i RN nide 0N the reaction

s, TB o g GRioe e BITReag B e onepas Shhin the reaction
site@ ﬂl&ﬁﬂs EfoP Beanpiatd BERbE @arpﬁlrvf)ﬁf'é %t%ﬂu&%% tfre 80 n%ﬂ{sl fgpé? nucleic acid

[009?] Figure 1T1Ais a sinplif mat i1 c
amplifiptiop seaction and Gen theamotyrlig the csm.qioaammmﬁ]rm amgaltﬁedqmoduct As

[ the rese |nvent As illustrated in
mof 89 geRb B el le PGl S sloP agslt eliacietrcneagions
ocohm@ihedﬂﬂ’ﬁ Iﬂhﬁro@lﬁndlé'l Be\BERSEPlovided @B dr@ig t6SmBblimdAR of the present
) descrlbed nore fully below, in sone enbodi nents o (%e
MVe8ent j nvention, 1ight fromoptical source 242 is

utilized to induce fluorescence in a sanple. In other

[0086ibodis mkhrs&mtedaiﬂ @guteUn, S CA e n%xlng s}ﬁtbr%]b éﬁﬂl(tﬂzﬁ a@cording to some
odi ment, " system

gendlng on the e
e‘“‘&‘gﬁ‘ﬁ %Q’e\m nijavedivadocipdaiuesescerge imaaing systensichumied to
the:@¥d] ¢ v
i ewboﬁlf‘h%%&ﬂ%p?’.ﬁ%%%&% Ste BB t colifon Bla 048 miproflyigic chips
w1t]mN@chsg€(0Ir_IEmgs Ih agee smbadicentPisis edumt &ﬂISJ/E Slﬁﬁmkaﬂnﬁlép &mbodiments
fﬁnd t Ilke ar utlJl d,. These sources may
oft %P’g?%eﬁ‘? GhvspiQr fpces ity 4 %éﬂ@.reaﬂtlan chambers, 96 x 96
reactivh QUAMB&E, anﬁhﬁhéi’%éblﬁ@t!né O £FarliSul e AhHEBEAZ 66 s Dp18s and 96
firstproducing optical radiation over a specfraF %
reageptsrara bidliged 400 nriofloidid demicer@h r &6 x leeectt;onhy;am;tr gh‘ometry As

3 Xen n,Arc, | anp, ava bl e
R O e OO RO S e Ebgatios o
emtm)ﬂlrﬁ@its Gﬂihe PRISEREnVERLiSH ﬁﬁa}ﬂé'@&d[blﬁﬁ&h? toq;erfo% rHﬁlﬁﬁﬁerhg)phcauons.
i nvention. As will be evident to one of Skl

[Oﬂgai']t ]flglgul%g%efg{btréé Lan déﬁlgﬁ%%gg?r aCtxgl” Z ‘%tj’é’%ﬁ% 1mag1ng system

acc(uthngltq exl embodlhteat oftht peesertioetnient 3 i Q8981 nﬁﬁghﬁealtA QR optical
244 illustrated in figure | A n some

wh
soutghp iSRS fprminamabodmeaof Thogrseen innetiopt Moatil be
desc‘HB'éﬂ Gforé ﬁllBIQJeYdW iREhLE %mbB%eﬂﬁcqt{tﬁg fn% nft A\}eﬁ‘{lon gﬁ{ @am optical

is utilized to spectra ter-t
SOUI‘QS‘/ 2‘&2@ wipzed @l indgerfomré&tence@h acaupke In m]iet éfﬁb@dlments,

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
various embodiments, optical sources including light emitting diodes (LEDs), lasers, arc
lamps, incandescent lamps, and the like are utilized. These sources may be polychromatic or

monochromatic. In a particular embodiment, the optical source is characterized by a first
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filters could al so be used. As an exanple, in an

enbodi nent, the excitation filter wheel provides a
woenobaee1sed spectral filters each adapted to paBGI/ES2005/020250

predet ermi ned wavel ength range as appropriate for

exciting specific fluorescence froma sanple. As

illustrated in figure A the excitation filter whee
prodiftthd SpticaMRliRboh BvEQNIUER] rahpe frddi Sydud 0@ nfndo aboWIAd0EIm.

control of the filters. In a particular enbodi nent,
Menebebsewey pherapple,ial lraanbdar e 00T oange Ara lanuisapilabfe from Sutter

ttse oﬁtl I?I% alté %A[%ég Lﬁ zteg éz)tfda go C V\fs tsgmg g{;ﬁgﬂﬁeﬁl&s of the

presRfl 1n5bﬂticﬁ[ s il bd év@clenmd (bhea)fcskﬂl mrthmm eitleaﬁ@bhcaifsoﬁﬁés
nm and, a spectral bandmndth of 20 nm an ter %
chafaFteqigd by PRES oF SR SREVE BABIYADE ASiR9oRTle ahBciae uilizéd in

alte ﬁ%éﬁb@ﬁ{}ﬂ}@[ dth of 20 nm [009_9] As Wi || be evi dent

one 0 in the art, enbodi nents of the present
i nvention ar no o.thes articul ar spect.ral
oo CO g Shoos ol S B ePP L 545 e SO ShER, or
HOffeR€ ﬁf‘\g% i 'ﬁ ﬁ:ﬁlssoﬁlf-ﬁ'e iPSI LIS HhAtic, S’tﬁ@'@icﬁ‘ﬁtlon filter wheel 244 is

réover, previ ous di scussion related to
utllnzbdatamctmﬂl}aﬁlterlth@thMmﬂtqd lshihe opscai source a@z r@ficiyyse, m;ﬂtlple

B G0 a0 PF Pl XL R o PG BBTaL eca e i st arhed
proﬁd%@ﬁﬁmbé:ﬁf sBAAP i Rers SR@CAdapled ftd F&s@ raSprédbdrnfied@Py avel gth range

Iter holder, electro-optic filters, filters place
as apmonmahéonmm sppeifin flypreseangafionsa samplet As illyskated e figure 14,

the F)fﬁ}%ﬁ %He CY\\ﬁ?ei gﬁg }st c%uﬁfﬁg CE% %@&nt% o%)'{ Oﬁéﬁﬁmp Bg ?1' q'rbton{puter control of

the SiREHsC &n h paictilan akbedihRas thaekafbish filteravtice! pradidat b aomatr of
predet erm ned wavel engt hs suitable for excitation of

spegifal dltescence. One of ordinary skill in the art woul d
recogni ze many variations, nodifications, and
al t eFiMet 1 vASilenbatianentes wateltigh pf 43%emh andwespedtehbandvadth of 20
excitation shutter is operated under control of a

NMconput er 270 in sone enbodi nents, to bl ock/pass the
opti cal signal generated by the optlcal source 242 and
specFiltat 2yAffillet gitba deyter Wevelragth af b3hnmidnt @rspegiesébandwidth of 20
244, Depending on the application, the excitation

rce i s blocked while sanples are inserted and
renmoved fromthe systemas well as for calibration .
oper BilfenasA filier withe csntsowianelpngth of 20 acnd atspeiral bandwidth of 20
shutter is not utilized, for exanple, in enbodi nents
utilizing | aser sources, which provide alternative
nmeans tqQ _extingui sh the q tlcal sourc

[009%e s cvill deicwideatiowne of ill ap Biearle gmp S fhe present invention
are ggf’l:néléc&{] gﬁ% éﬂ?&%&?ls s {aﬁéljs Ot S Ral 1Z@§J§§1§§1 FHREOHBBted for

Irected so as |nge 0]
ﬂucﬁtesﬁfb@deqfrbcﬂsshsd‘or particular samples. Moreover, although the previous discussion

related to the use of a filter wheel, this is not required by the present invention. In alternative
embodiments, spectral filters are provided in geometries other than a wheel. 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
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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device 205 provided in chip carrier to a seven. O her

enbodi nents of the present invention utilize quartz
wo p@hti2ziged des, |iquid Iight guides, other scrap@l/Usz05/020250

systens, and the like to increase illumnation

honogeneity. As illustrated in figure IA the

excitation optical signal is directed, through
emBRAith&fS bPtheRYesetihbdtioh! THEER@ta0ON SRGter iLdTerftéd Giier 86ntrol of a

conbi nations thereof, to inpinge on a surface of the .
comypiutar 8170 i stime embodimenssto bhecki/pass Greraptieel signat geperased by the optical

Ly nation of ~t.he m crofl ui dj V] hsi Vi ical
souee P g put il il Po By Aol AU AR PR RGPl e
appliBatida, teLrtiediohGotite ivblociellwhitt sampssiaeeinedtddgindlrymoved from the

fromone or nore sides of device, via a ring |light, or ,
systmeasay oastion palratigneonertioas t ingemsmbogimentsthe ¢xqifation shutter is

. e - 3 | .

not b er B Loy BB e S LT Malh £ufiB! PRARBR A Mtemative
mednk el B tiguishnh©bptidabsauras of | ui di ¢ device with |ight

produced by the excitation source is provided over a
016415 SRR R SRR SRl isopraRATR ot opln BNEEh, i ontit grciation
sigrahpidsessthtdughpefitfen brmdie 2848 ind 1sulireeted sn e toaipplingsain amecrofluidic

that i nvqol ve inaging of tine resolve heni c . .
devmf%@é PEddctip PEEEATIEE o SR, @ﬁra?fﬁ?%ﬁmﬁwa §Fthesappent invention

utﬂi'az%ﬁhf oigt gﬂidéE,Qidﬁi(PHélﬁ@uiﬂ%&,rd{h&rb@raﬁﬂ?ﬂngis?stélﬁb,%d the like to

Ifrcation pr OCESSES e}re Tl rre resol ved processes . X
increhsetillbmiretion hbmogersityo disiBusteatesfinfiguret dtha excitation optical signal is

B b ST Bl DRSS g R AGPRRHE ot

im a Qfrface 8ftheQhicRTRIIE Hviad D5 | ApHIhefged & figure 1A, illumination
collection of the fluorescent si %nal s produced by the
F

of themderpBwidicodaviners wig aptical ibuminglns 2561 In ethet srabodimantp diugnination
i,S. desir o - her r i : .

il S UG PR LS RAERER LMD hARE s oraevi v

ringPliglf Sorivaa h pbitioned thycolletituwt dpnical taaid (tho @byisdl phthdfetwdea the

_fluarescent signal] as it decays in tine froman

micrefiidigdeyisg and ﬂédéte&@f&ﬁ@i nary skill in the art woul d
recogni ze many variations, nodifications, and

[0162]t elmanievesbddithents, thh dhmpisatadl & thivmigoflyider deyece witholight

TP st e P
the @TAREhts, lN8rde TR bOAel Is PlotiRE, WhicR chiBES M p&¥sinfince of

an instrunent that subjects the reaction to a series
fluaséscdidefappbeations thpe ievolved magiog of sinye negplugrbehemicad praciespes and

This series of, t erature and tine. adju [ Sinin o
reagtibply ASan Epeuien ARty EpEnte i Rt RA RN el cid
ampliTRAF6H porbisks SRubheRsdhed piversts bt Beacefed cathgdnass of the

(anmplicon) in the reaction. Ten c¥cl es_theoreticall

prespnt tiventjort Ha sams|of dhase Bipcgssea srailtageoushpercitgiien of the fuorescent
sang I?osupsfgx%géd ﬁ’loa &Ylﬁ#&%’f r%@éH@n El@a%l%'i‘s #a %ﬁﬁarfe%ﬁ@ cection of the
Mg on rn a natter of hours. 1n sone applications, It
fludrescegtsigral @rotheced bgithe mattiamsroesweing in thegundedaf @adtiommhambers is
alargg area (e. on the order of several cn?)

: ina . .
desiipile. BoothEPoarsrn P IRSHICE SLRTERSCRRS i Wi dBaging, a bricf excitation
pulse is followed by detection (and analysis) of the fluorescent signal as it decays in time

from an initial level. One of ordinary skill in the art would recognize many variations,

modifications, and alternatives.
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[0104] In sone enbodi nents of the present invention,

t he nmet hods and systens provi ded by enbodi nents of the
w@e@sartsed nventi on facilitate i nage capture prPCEESHES5/020250

that are perforned in a predetermned tinme period.

Merely by way of exanple, in an enbodi nent of the

present invention a nethod of inaging mcrofluidic

DNAJGh&GRDstaBleMIOKI Shpsherhfig tWE blhigshuchotidel pamenp ﬂwmyngcl eotide
'mage of a spatial region associated wth at le

mphdﬂﬁleteﬂidﬁBPS)umﬁtlm buffringnsraagiresiyng @Rest 4S§ﬁnét?1€‘? d]é?ﬁeé%tlon is
e det ect I

placqdinadn el 298, REHEGHR AECLbRERoARiAHE g, f MReren

temp@fatﬁr@ffdr Wﬁﬁﬂngﬁmbﬁtﬁs spainbaThisegiiesof tsmpedastramd tmlnb yadjustments is

free froma stitching and/or sc nn|n C
referfadfo @k npnexclopt applififadiornEash B&Bﬁ’ ‘g’élglfs ‘%‘W of
tine L P ereﬁafufﬁﬂm&lth li
treefq s (Aot g 4 EFARAGAPT %%EY%&*E 7 Hent & g g e emplicon
by a FAcRTRS aboit dnﬁ&lgﬁlsmapfmrogc]as Ebygi faatoe pf nheatham e miilivntie a matter of
ndi ng on the em gﬁﬁ roperties associ at.ed

hourg. hgl Wgé@%’éﬂf 5y uprp fugreseent maging d;ﬁﬂa &'rom alarge
area\‘n\c} gr 8 ki &Hi&_r AU G5 nthy?n 5 R JefiB@Rarleig fromGecdah@P td menutes.

ary or exanp , In an enbodlnent the time
100

o108} *IF sude rboRmegy e A Aiistaon TR PR B it govided

by eﬁlgs& ts of tBEHRBES invkftiSi€ RN Hste 114&5 eﬁ@@ﬁﬁé @roc@ﬂses that are
seconds, 30 seconds, 40 seconds, seconds, aor

perfornmedtie a p@edetmmmeei tlmmer:qdné\dﬁnebfﬂav WeY pf ereaenie) 1pAn Fwéodlment of

the rg{ggl lﬁ%{l 10@61%?‘8%88 :S)Iif gg%%lné Imécrgléhrl (E)(L'r(?}ee S ?%Bgld% e method

1nch§dé§‘ Q%ﬁw&l RAPREIT a spatiMl editigasbeinted g*ﬂtlﬂft leastletl eeminetinumber
nber of chanbers sinultanequsly. As. an ex

of Clmm@x%@ﬁﬂ mioyoibapicgleyics SSingtaRdMALe @@F?tlﬂncﬁpétl gggl% dylgng atime
ﬁ'am&c of %s%l lgaed ot %tml gteg%g{eaﬁﬁ fhe %B%t%ﬁ ng Gr i@ r1m§ & b BSdtiaPrbgion is

seque croflui |c devi ce
substéntiaBy feaifidata sitching emb’er Maunmg@froc@@s 0C for 60

seconds. The heating and cooling cycle is repeated at

[Ol(%! 'Enﬁ%dﬂﬁteﬁgo %\éfﬂn:prgﬁhf Ql@elfltﬁfn Fovideekriely dFYiedeFames for image

i1'rzing e nts of thedevice are acquired
captaten eAmpinpdineh Y, millisecend toel mhaﬂ@ek@oam@mmdﬁﬁmthé@n%ﬁa@es for

umformte erae f
11na@(%r§ are;gr P]i]rgﬁ% a )?)I St (gl tile e}n?sgion pq{)pertles associated

withh€ gf%;leéé‘eg &f&%ﬁ’édQE tﬁ%aﬁﬁe@(‘&lﬂhé @etrofhiidiczdentpepthd Gime frame for
sec exp sure while the mcrofluidic device is

imagecapia mel vaty tfhe exampler ataprembsrlimentoibe timetragpe o ps, 50 ms,
1003@&55& %Q(W ms gﬁprﬁ% %‘%gasggondhef %ﬁﬂ:ﬂaﬁﬁ)édlpx{eﬂ{é' A4 frame is 2

verotast er scanni ng
seco%'db tLRlchstsS Y@E&ﬁﬁds i18 sedundh, Jonseg@sisp30 sid@and};e#& séqonds, 50 seconds,
first portion .g., _an upper |eft quadraq Lgthe
o 1shionist [Qf airseckbe tghs Gmae Aek denead oprthepartigy atygns.
chanbers in a second portion (e.g., a lower right
[0168]admaBine @ibddhaents,chofthagediaptudemiocess i paGrined m asynshronous

margagg gg%qqggtggﬁ uﬁ%éﬁ% (fetenqglge%snu%beer% ua{ngbeegs s1mu§taneously As an
example, in an exemplary PCR process, the microfluidic device is maintained at a
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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chanbers during a time frame of |ess than one m nute.

As an exanple of these enbodi nents, nultiple imges
waz®satwsed with nmultiple fluorophores are acqeRCT/E8200$020250

a particular enbodinment. During the 60 second tine

period during which the mcrofluidic device is

mai ntai ned at the tenperature of 60 C, three
devie® B bir&EsynbRGASuSN, W HiF (RE cleanitedi iR Snathtaded 2€6 afiderm

may be acquired for three different fluorophores, for
temporatek @ fuRsiopofpositipe (For, example-akyordimensionadifpage of an entire

. dependi,ng on_t [ 10n, ' -3

i REE 0850} B SRR S A0 SO\ B SRR F R Bro i
devick id hZintthddne 8 teimbtdaplre of 6®YE:SOndbf flel émthieadt will appreciate the

fluorescence ratios _can be cal cul ated .and apal.yzed. O . )
benefis prvideddyydhel pregens AnYeREOR PYEATIE SGRNRIAS OF wa?lé% E¥stgms, in which
. : , . 1 .
imaf{8 3R H8ers 1'E S BOANETon BF b Bch dBadih) BF e microfluidic devies
are pRired ptiar toamppeésaefichambers in & hendgyprticenfoediatewesright quadrant) of

the present. invention provide for inmaging of a
the mieidisi vicedevi ce in nultiple spectral bands while

the mcrofluidic device is maintained a constant
[0107 nplercaharreenbodivgentsy mutltiple imeggserascguired af thel detesmined egmber of

chasgbers dgub R Grirares o Brs el ovempulat o ah St SE et embodiments,
multif QB h e HRQSH ABMNyith HhultiPle fRIRSRBFesialy &3fuired P4 pattiddar

met hods and systens are al so adapted to gerf_orm_and o
embadihgnte Duniegitha 6l seserdtime period degeg which thomicrefluidisedewice is

.pr ocesses,, reaction on filrst. ti
e g B e P
secdtds tayeRGuitddPr 8Ead @iffctent Aup@phbiesl far exinglteRox™Heic®, and

second time scale is |less than the first tine sg)gl .
Fanifify Of centseddapendiag en theyeppliationm the sxpess HResmay ég?%‘a , even as
t cht. ' 3 i, ; .
ol B LA R D P ARG ST REERRRE ene s o
be daltubrtebindrmulyzbk e0f caasd, idapenkiorg @nthe guredgtianbibetfluofescent
tinme. In sone of these pr oceglses, erature

te .CO (51t rol, .
emipsiensy e fyPewpmas fnr dhgyaiqua flugtorhavss eégoq@e as appropriate
the gﬁg%gﬁ%}pli\éﬁﬁfn‘? a3 thid %gb&ﬁb@d]ﬁ@gﬂs%?m%rekﬂ?iﬁwﬂ $Bvide for

are maintained at a constant = . e
imapmgpd raticredluedintledbd Brmulip® spsctpal bandewhidehomeicregluidic device is

maie‘gfor?e %gtMF@%EE@éS?lﬁ%%%p%g ! ip%fnaih&rg ?sglﬂlqgtf;aégg by the previous
exafpl, hRDIR alRkti oo 4 PER I REck STRRRIA s LyR1i V] idthperaitefibesses.

regions of the mcrofluidic device or the entire

e N e R

adafte@ 'f@?érfdrﬁﬁdnd%ﬁly&@ ghdmileminesqeacaprocessed. Thkemenf tliese processes,

m crof | ui di c_ devi ce or vvith,inagortion_of.the .
reaqtjoss e¢quiiofiadirldime ecaleang! an igags ohths hamilppifiegeence process is

SUPGT 25dtoRd HER RO & Cihle WBGHTlIARTs {1eAs Tess than th

o P 55 D i £8P PO SO s o e
firsHirge s@ld CThs, embodiplenfsi of dhesprbeemainventibrage adapted to capture

illustrating a thermal control devi %e . .
synchronous images of chemiluminescence processes when the samples in the reaction
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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according to a enbodi rent of the present invention. As
illustrated in figure 1C, mcrofluidic device 205

w0 p@baeiksss sanpl e array 206. As will be evi dent P€DUS2965/020250
of skill in the art, although the sanple array 206 is
illustrated in one dinmension, three dinensional sanple
arrays are provided according to enbodi nents of the

contRS185 EMM0 ik PMAMHcdQRBeor&ingas efbatiphedis éfthe pf%eﬂ’fhm’eﬁflbm Airmmber of
devi ces utilized in enbodi nents_of the

dlffcrrnnﬁemtlpmwof wanying ﬁ@[?,hl%fcaii‘éfa@ielaﬁﬁl I EP R NGE fqnmeaamre within
ni c [ I :
e RHA SR SIGANE SR PR A0 5 Bk, e

tenﬂdﬂ%ﬁipﬁfbhﬁg Cblﬁtﬁ)ll‘eg & bﬁhﬂl;bterrsfeatcea dbaceaat eécmarﬁdhd:hycalaregulate
epth in a third dinension. The. m crofl uidi
temn@gtures()@b% EQ#TF @&C%”@u&%‘i’ ii‘?Vé?e ‘fo"?“h%% p&ﬁUOI} ‘?#r{clﬁ Pﬂcroﬁgldlc device

(e.g dg@?@gﬁ g%ug%lmcéé{g'tet tur é?%gﬂé Blg%tgﬁé o I-ﬁg)ﬁe !ﬂ#@&%ﬁ;ﬁ'aqhﬁnx of

cha:ﬁfétmﬁ'arrﬁm(ﬁluldncclempé) ant, is coupled to the carrier
207 as well as the Int egrat ed Heat Spreader (IHS) 241.

[0113@ € rﬁ%reﬁl'@fs%@nﬁﬂﬁﬁé@seh&ﬁﬂﬁé fiabRh illﬁlsifrétﬁigrzﬁthéﬁ]aa R6ntrol device

nore ful bel ow. I n sone enbodi nents, a
accdrding t¢ arefrdotlint wéén présentingensionyiAdi ilugeiedia fave 1 Geanicrofluidic

rovid
devigEB) e s AU DA SE BT P e 9Caa b bl Bithough
the RN LABNIG6 1sQURDR I iR Bn@ﬂﬂndﬁ@idﬂl thhe: dihengbhalisaingle arrays are
device with respect to the carrier. [0111] Cenerally

provified @t@vrmtoal@qﬂllra@lééi obihe Presupl iREENtONC S g SPRPLE; tfbsome
mlc}:og"gléﬁsm)(}e%%s Lﬁ%}g{:@l gﬁ%&ﬁmeﬁs\@ Eﬂel%gseﬁt 1n§91’ft{bnp L‘.I?Eilgéy &f feaction

rom commer Ccl al® sources,
cham®érs@xa Ml Ecdnifuribgioindtiedl dextedt ks ‘élmpllam of KiS) £ guiv. The

R _
elemgfﬁqe gefr 1%2 gggl-r%@%@gq Sgcglg qu%adrl]ng-é]g E%alé:?l%g ,c}@g;cr%égg g%g:%ggg{efrized bya
dep{hFi{lla ﬁ% ﬂgne a)nv TR o ruiis Q8% £ IPPRI sHBStrfed Hyli%mer 207, which,

ice Is contacted wth a thernal
in t@ﬁnisrsﬁi)pdi&vllb@e:aﬂim utpvats 208 e Thh eriomilushndevwde aehirleotiomn layer

209;%@%32{1 gggtln? %0 %eé%é?&a&%ﬁd% fg{)ewté&f %)ngf: Ic%%i%% %(9} gs well as the
Inteltgﬁa?ectf HQ&%Ip%adEMHS?Q@f | PReraRBPIRRH 243 IR BN ISHigdrB e C and

ansfer device may conprise a sem conductor,
deseribed masredully bdoy. Amsomoapbodisentss @ hirdooniast hiween the microfluidic

and/ 0 0113 th
oo T OB 5o e SR RBbyt pg v
tec}ﬁﬁ‘(ﬁfegﬁfe 111888 iredontteathb&litnentd k@ Poditién ddvtidt@ thetmanghedic device
device towards the thermal control source. The force

withregspedd ipthesertigrnechani cal pressure, a magnetic force,
an electrostatic force, or a vacuumforce in different
[Olﬂ]bodileﬂaallﬁ, th&@svies arppleced on a)lhermﬁhngd]nn@piate to Herfol cyele the

onpri ses a_ vacuum force wards th h
dovaears P B1eBUTED PP Feo LI D1 B e oL R ncluding for

g g ERTA AP e, S Aol RE AT ok s
Francisco, CA), Eppendorf Part# E5331 (Westbury, NY), Techne Part# 205330 (Princeton,

NJ).

[0112] In some 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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the surface of the thermal control device and a
surface (or a portion of a surface) of the thernal
wao e@ns2xs4 devi ce may be detected. Such det ect i POT/I823005€20250
performed with a vacuum | evel detector |ocated at a
position along the channel or channels distal froma
| ocati on of a source of vacuum When the vacuum does
embOAmEXE BRARER B3R fed ENRlemANcadhfise alRMidddIabE, sedt &ilicon,
or a reéalignment protocol may be engaged. [0114] The
mayarongyisd evéiletivayatmiat and/ac magt cainphise agetdler mal cont r ol
devi ce by enpl oynent of one or nore nmechanical or
[Olﬁ% ecticaRBehA bl devist hia9bengasted ichply L£airty totlie thermaf transfer
t he nethod may be automatically controlled and
devigo i wige ép thewmeal éensfer deviesenarls thnikeimeal conirelsiouresd The force may
monitori . be per | [ .
e e S
diffeeftt enlodsit&ite NFdrsx amiple; ot engbcalidleritetiie\foreg commerisdgsraagacuum

device fromthe thermal control _ devjce. The. progress
forcompplivel towards ithsnidermma) tapsfer drisdhrogh ég@m{epflfj?g]‘e I ffrface of the
thex{ATB confro? ﬁé’%kéj@dthg ﬂmglsﬁdeﬂ@fetr REviEDeATBel ©0ViRIn ARYVES between
Sy y be p ed c

Stem na rovi onprising the array device
the @ithct bethichkermal canil deticelamd cewrfite (@nsporton hea autagepefithe

of therma| cycli teps, In certain deyices it Jis.
thergigb aASETGley e RYGIeAIoeetsgi Sl dglse i Y bF BRGEPEd T (h g pacuum
leveY bteQHP1JcEZH Qpépgsfitiédqﬁoﬁiﬁﬁﬂe“cﬁam@ Br SanHelk Biseal fi@n a location of a

1
detecting tenperature Is a thernocouple. Such a
soutchef momanp| Whew tHedvabeurs deext md easeet! i preset levelan alsrt may be
tterned on the underlying substrate material, or as
m eﬁtggorﬁg %?SPQHOW?%?X e?r}ﬂage‘{'he mi cr of abri cat ed
el astonmer material itself. [0116] Tenperature can al so
[01b4 SEmswthytdeviseghaysbeteairsted; witlethedhermehponted deyige by employment

For exanpl chan i.n_resis .of - Y ' .
of g i F Bcsnran el ARt B Rhin ARGl Chflipg out of the
metHbd trag be Gueanviesly erdblit®sdthinghiesred.aRobexaamilé, suet adomatic control

a given tenperature change. Aternatively, a
andreiteriag oraydsnesopred Wb an sgtomatis cpRyol syplsmyip eperable

coﬂ%t%{i(g%%ﬁ rv{/iﬁ% £bofib @ﬁt%gsgfst%tfﬁrihﬁbdu&%%}ﬂd RARY M the array device

0 detection tenperature resistance is
frorfl €iseccthetped comtroNitbize. 1 5Be Pk} of thiviredrtioss may elsp be monitored.
i ncorporated by reference inits entirety. This paper

[o1 gﬂs CAI &S %&%@id@ﬁ c ?ﬁﬁng HeMBdn £ 08ntsdl ldesichl ASsybtem may be
th control and sense tenperature. For polysilicon
proeided cirhpnisisetic aoay devioe andthe theama! cantiwo! deviper B epspre the accuracy
coefficient of .resistance can be eci sely,con [l .
of (e APty S AABURGS DrF HEBRI T REsGS dbEing
temPBliatui & VIGioREFdoRIIRAER dvideh©neanaoturd foF datetingeemperature is a
application. [0117] Therno-chromatic materials are

therarmsotle. Sygea Beresavpta aosldheirealpd as i Gt sdtes patterned on the

tenperature on r.egions. of .an I 4f i ' A .
ondh B AR AR RPLPIS B AR PRL RN B SR i
cladt@REQHMEH BlidelEhange col or as they pass through

di fferent tenperatures.

[0116] Temperature can also be sensed through a change in electrical resistance. For
example, change in resistance of a thermistor fabricated on an underlying semiconductor
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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Such a material could be added to the solution as they

pass through different tenperatures. Therno-chromatic
woradosn2mbs coul d be forned on the underlyi ng SPOUBUSZDF020250

or incorporated within the elastonmer material.

Al ternatively, therno-chromatic materials could be

added to the sanple solution in the formof particles.

152{1%%3(% HNGhiRYs ﬁ&?&}giﬁn\%}gb&téae&&ﬁ&%r&g:etﬁ%%ﬁ et/ el“ﬂé§paper

rough’t he use o frared canera. An infrare

desariee thee usa of dopadrmelysdliconistrhctarasite boibcopeoland| sandgdemperature. For

utilize 0 detepnine the t erature profil.e. o he
ol SHicop G RINRT FTERPBIT RS ety Ehe P eBE ProEish ofyifstance can
be pReAKA PEGHtroMRY 8% iRl idb@ity afd bRt dTidopRRy mﬁfebﬁbﬁt_imizing performance

wavel'engths (e’g. therimal, infrared, and the [ike)
of theosehsprifacs givemepplidatien.anal ysis. [0119] Yet anot her

approach to tenperature detection is through the use
[01Ff] PYERRbatérheti SRRRARS arcyiRtie il dfirugoreavailable to detect

crystalline materials, partjcularly those materials
tempergreshTagians ey ap pepBErandeyicse RagsiHeallve seitain matarials

1 [ :

A A P et b SR BEY pAS BB ifkit crmpergtures.
Such hysdtadial lcatidibeeddedith the sdetibhas they pagehraaglodifferdig temperatures.

material, is highly dependent upon tenperature. Such
Theﬁﬁ@@hroam%wéaﬂ@agb RS E%}egtoé‘dﬁ%ﬂ? Bhne %Ji}ﬁ%%t? gt wegyporated
Wit}ﬁ*x A é?gg%rfléqﬂaféﬁéll. | iRoh iR eHehREho ARSI R IiErial LA be added to
el ectrical phenonena, such’as capacitance and
the bamajple selntien ircthn fdven efqpirtaélesed t o detect tenperature in
accordance with enbodi nents of the present invention.

e RoRECIPREAh 3K Hibtkctid thBerdfre WAoo BRAGRIOE 8n IEFHYed :
[01@2” at?o%ﬁ%@?%difi cat?or%s, g%d a?ter natg]i&ves. [01%0] e¢ camera

An infegidgneys ieeanootiop siithtaeicresoperuidrbodilmedito dptgrpine the
tempaline YT SRS oo hilingP Sl Befibfy Gifc hstomer

matbgatty rRligfont df%pgic@)ﬁ@fé\xﬂv@ieﬁgﬂl@ Yé.6&he@ml, ihftired xaniphe like) would
an edge of the base support of mcrofluidic device,
facibitnipiliseana®s. t hen causes and x,y drive (not shown) to
nove the carrier 207 to align the mcrofluidic device
[0119] aY®i am®thex apprpach oitanperhiursdetectioniothromght the ugnef pyroelectric
nmore fiduci al enbodi mept, a user of. th stemth?n vy ese
senfogty) SReSHICAl S Iecey el B BIRURFALS: RATEPUIgHS TGP Fsj<als also exhibiting
piego:;cr%ldg'lcq;ehgﬁﬁg %ﬁmbh hnd DroblBBaE By ShARirdcNdQLhBEs the phenomena
enbodi nents, ‘this process I1s perfornmed automatically
by wbich e daizativnl of e mhdteridliscuystalllatticy and bemcgl therveltagd across the

r.eci sel | gcating a symmetrj c. XY fiduci obj ect
e SR B AT B L o orted o
the SRAHR BiBionl ahd h8Bzf o UBR A teP6ilafiirs., Ol BleadgicelgiRBomena,
and corners are utilized during alignnent processes.

suclDag caphcitandt pad induktange, can bhexpdeitedip deigct temperaiuze imeaggrdance

i AR TB S T BR PS0R Bp AE oo
ma® vdrBosaiNddeficatiOns, la8d AREh AL @S.

[0120] Imaging system 200 operates, in one embodiment, in the following manner. First,
microfluidic device 205 is securely placed on carrier 207. Based on a fixed feature of the
microfluidic device 205, for example, an edge of the base support of microfluidic device,
computer 270 then causes and x,y drive (not shown) to move the carrier 207 to align the

microfluidic device in a first x,y position. In some embodiments, one or more fiducial
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it in the focal plane of the optical elenments 210 and
212 or adjustnents of the optical elenents 210 and 212
W@ 200p03i864 on t he focal plane of the optical elBPEOSN05020250
210 and 212 to the carrier 207 are perforned. In
preferred enbodi nents, the field of view can enbrace
an entire mcrofluidic device, including the nunber of
embf)%lﬂfe'h’[, QAisENHTRE Rt B8 REgiRBrstthepties 66drbindiccofd@aw o€ tore fiducial
122] A fluorescent, chem | um nescent, or optica
marlss wittatheamieging dy$igmt e othier pnbedimsnisc bisspracese sparfonged n

e B 3 EPIEIR, Bl LI AL 5 e
symBRRRAX WERhiSiaPbbjetanpreaevibg iy at-safmetrivecohipoatnts e issome

systemis a nulti-elenment optical train incluqln one
embodinrentse faatmeseef the fidusialsoruchay edgep and goragts apgutilized during

. 1llustrated jn_fi : f:l St ati
gl FAEES, O OF Bt Siliih Ilarl ORISRy variatiops.
modifi@tibhk end Ae@naptescal properties of the first lens

system 210 i ncluding focal length, f/#, and the like
e | | & 15 2hts R HH SRR OD7 to positi

[Ol%ie [Zlfdeg ?{5 %%3%@ ﬁ@ﬁpﬁfeﬁ @? E’e&glrg{ 5)({va{ééhl d FQ' ecogn iaz e man.yo postion
it in\ieg foahliphmse, ofibelofticahelemasts 240 dndR i 2omatjisiments afithe optical

em ssion shutter 215 is. illustrated i.n.fiqur t
clemgri G o1 25t BRI AR 10! BHBC PBUE BB ayat TRy Myl 212 o the
can{e?J 9127 Qreﬁ)é?%ﬁh&{. NinRREreftd LABE@nfchRMHeTRIDSL VieR|caR¥imbrace an entire
al though this is not required by the present

micioflugh¢ device, il RBhg Reframbiengf wactonghambers Presepigrethe microfluidic
an optical filter device 213 is provided as part of

deviCfe optical assenbly. In sone enbodi ments, the optica
filter device is a filter wheel 213 conprising a _

[0132] s fluofeseqsti chamilaminaseens, i @pped §igoal cpitisd by ghf‘aﬂtfmlcal

opticall F 0Cessi f 7] ' first
g S s T
lensayiginl 2101 Nes6a8 thpodiateatsast thepgsnit nvedsor thefahishe systam is a

an enbodi nent, a first section g% the em ssion filter

mulijresnent §pHeph Eﬁa@dﬁtﬂé‘d%é%le foF TRSFe epassand ONg OF Bigte apertures. As
illu%ﬁe&lﬂrﬁ g%t!f@/&@, ekt 1%}17 Qg#ﬁg{ f@ﬁ?ﬁﬁeiudgél §nglt Kns VRLas well as

uor’, aval rom Amer sham Bi osci ences,
douplatst af thelikble@ht hpticat pofperties sf tredirprlonh ays@nby/] Gaingladimgdocal

e S B R LT bR 52, e of rinry
skill§8h&hrt %%ﬁﬁe&&éiﬂi&%ﬁl%nffarﬁi%ﬁs, infod@atioRs) Wha @lerititdie An

present invention. In-alternative enbodinents, Al exa
emidiomsisitenE isalihserafadamfiignre kA tagerevide fprdriegking oplight rays

Car ].sbad, ar tili 2 AS AN .8, kN f
oG Rt S bl 68 AR sy A B i
reqR8ly thé pAdaRtigetntionpass fluorescent em ssions

produced by a third fluorescent dye, for exanple,

exg _Fluor 3 avai-l abl.e f L : . £
[Oléjlr ngtgm%ﬂoncggg%@\éﬁ? glglgcl?}, g%l%ﬁlkep\#é{eé ?n&ggﬁ: %1n3 is ipmVécrled as part 0
the WPE& adsemdHadhedme @nfbadRnduty) dieagtient filearidssico s filter wheel 213
produced by a fourth quorescen% dye, for. e anRIe, .
comyrising aupaher o8 gptical glgmepts; adapied qrr%ﬁqmg and optically processing

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

example, Cy™3 Fluor, available from Amersham Biosciences, part of GE Healthcare of
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I nvitrogen Corporation. Additional details related to

the em ssion filter wheel will be provided bel ow
W@ 024218661 sonme enbodi nents, the optical filtePCTHES1008020250

213 and the em ssion shutter 215 are | ocated between

the first lens systemand the second | ens system In

sone -of these enbodi nents, l|ight rays passing through
emisfienOpoticadd by d sIe@dSn(ﬁﬁ‘&'ér@&eﬁlr d%f%aﬂﬁ“eﬁarﬁfﬂesw Ms 1’318911 £§0 available

with respect to the optic axi's be evident to
fromgfamepshagk Bigsciencesh @@WTSCS@QGIW af thesd ﬂmr&ecemt dyes i 1s not requlred by

N W —

Conpotatinh IoﬁCbi;ls‘tmﬂ O@Ad grenailizedVeAs hiobdmpas taﬁ@dhelb@iﬂ%lﬂ%ﬂ a first
h such narrow spectral bandwi dth characteristics

Secé‘%?’%%e Frissin fgiss wheelp adeniedtornasflnaresaeyt emissipnsreduced by a
oSSR 5 LB U 915 B g oo

A swmﬁlsedlma)falm‘mﬂisabn &fer wheedVid stlap@dfie passdiOks@Ent emissions

ese el enents. Moreover as w |l be evident
progi @fw adp Pu@ka}l?feﬁfi?n% fhee, Sorrexample e Flugrdt8Soalse pyajlable from
Inviitblobh @Bﬁ)ohgl%ﬂt | Citiddlal B&ED ref%%’d BEnPLAN! 1gﬁ%lfegw§1eeei will be
#IC& path to increase t ockage o exci
prowéedab@myt hs. In some enbodi ments these filters are
angled with respect to the optic axis so that |ight

[0124Y SInrs@fﬂe%iﬁtﬁﬁlrﬁéﬂts Qhe btteal fi t&‘ﬂe%lc\é@llg afd! ihec&nlgﬁ&l shutter 215 are
optical path. 125] In other enbodiments, cert

IOCﬁtWt atwegnathe inst §y$thlatanﬁ dhesedondvizns systdmohmmfthese

emb%rd %hﬁse d Era g%srsilbn'gr%ﬁr:é)%% g}e oﬁlpglﬁ{ei tdire%f:e propagate at small angles

WIt}dﬁ:BILiﬂcetthhé aﬁﬁi@ﬁixﬁl\ﬁs vwaBBe ReidemaE oh® ofl8LBH the art s%ectral filters (e.g.,
doubl e-stranded anplified DNA. Exanples of sui fa

integfgieacs filkerphplacadiin regiensivith smal tr@uienbraysmga(armmm to design and

can %%éﬂuéﬁ’;ﬁﬁigvﬁe 5%1?%%911 dt%&ﬁj %&rctra vl ﬁ]%zlug ,lnt ou jﬁ%ﬁﬁp& ﬂ)ectral
banéweditdchaeacteritigeandradiites hoS8amHbg afEfl’é@ulﬂeéi b\ﬂot%‘xl@ ﬂesgﬁﬂﬂvenﬁon As
ot St ) Ao g nde o Byt ecn 1) TN
comt ’ﬁfe? Q?@ GlﬁﬂgQLéfle&nﬁpﬁlté}rc%}{ﬁ%eﬁ tﬁé’se 2 &ls. EMoreAO%J s yvﬂl be evident

66: 19411948 (11994) I's 1 NCOF por at e

to on@pfeqkdhngthc artj ngltiphe, ané pyssibhemultiple desteifilters sy ®8 provided in
tic filter deV|556213 and the

the GRRELM o hre he BoeReserd syslaopypiengBeofsmangnbodiments
thes® Vit R MOt feBw R t&pbAo 8RDptik AxRRo G ﬁ%hﬂ%? {]e(f)l:ea%d off of the

detector is a CCD canera array, but I's i5 1
filteysealk puirfishe opfécabpatbent invention. In a particul ar
enbodi nent, an array detector, approximtely the size

[0128] tihethwt embf)dhl:ﬂeﬂtsc céEtivi ﬁ@ercélﬁldﬂ d}ie’s el haVd &hRLAH hﬁ(orescent
t he pixel size of the detector array 260 is sel ected

enhangergety Wipgie buiding te slog gt strardaddaNA; pied/eir Shaviottrongehemical affinity for
SouESEHR ORGSR 8 EROR Bl o
suitableadpies inclide, butpae hotditiaed PUBRIEAhd PidoeGReh efdAMA681lar
Probleg, Inc. of Eugene, OR), ethidium bromide, propidium jodide, chromomyecin, acridine
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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a CCD array with approximately 15 mm x 15 nm pi xel s.
[0127] A nunber of different detection strategies can
wheooati2i8s£ed with the m crofl uidi c devices thaPCHIS2005/020250
provi ded herein. Selection of the appropriate system
is informed in part on the type of event and/or agent
- being detected. The detectors can be designed to
chefi B lcsdinf MRS lonTlas i IR0 RS bORL SURRS ke WU M emission
shuftéri2d 5 apfrenss!, bycthe seroph dams systehenta odetdgms26(h dntancinbodiment, the

magnet i articles, .spj,n labels,. ecul es that emt
AeteSRT 1 i e B8 SRS S ARBIRLERT bY B ot By e dn o
partfTa BRibo dRRA GOt Sy RRGHIEDphdxineRly e B2 beite Miekdtiuidic device,
probes and enzynme Substratés. [0128] Illustrative

is utiézedc tPrefarabist, Hedukd gizeof $he desgstier dresly 209 és seleated thgrovide an area

o SRR hE PRIl R G Gl e Bty poviing

mulfiglécﬂe@e%&ﬁ‘@ﬁﬁléjﬁ&@é‘dcﬁ@ﬂ chddybeadnth ¥ psidtichiRr vavediaikgt, fhe detector 260 is
absorption, |um nescence, differential reflectivity,

a C@Rarmynfitcatproxiserels tanm hyd padeikelsonal det ecti on
met hods that can be used in certain application
include scintillation proximty assay.techniques,. o
0147 B ot st rian Sk pEeieb TR AGH ARt e Fijproftuidic
i % i i &R formed in part
o B o R St oGt Fpro e SR AR formed in parton
the typarns teent aiidET3gent being detegnd.c Theddnetnsean hedgsigned to detect a

t.r anst . FRET). .and .vari.ations C bi ol.um nescenc
s B afffentnt Reray Toe bt BRee SRk, Py HoBt BERNGHoves
fludREBHORRS chrBflopRS € leRtbh ﬁéﬁseﬁﬁﬁi&és@ﬁﬁgnetfc%ﬁﬂés\! kpiM labels,

i npedance, and voltage sensing. [0129] In sone
moleerieihaeemis cheteil woinesneness elgesochenacallyeactive ingkecules, enzymes,

section," or "detectiaon reagion." T nd ot her
COf?CE?réteéléy%s?fﬁ’?skegg? BHCIES i Bng HhgHS: REHSMERROE 1 i di ¢
orf, BBl B SRR e b Bp e b re bl i
deviRafichRiR, B ARDESt JinRiRISE M ghit BedtREn S ifh1Bithatind] Budteste® detection,

The detection section for other devices may be within

UVraadivisiige ofavelength ahsmplédns lurhimescgnes, diffaential reflectivity, and confocal

intersection. t intersecti i tself i L
o BB A RSB ERAL P 8 e PP pion mche
scirhi#gti S pRixBAP asshy ohnighiésniidaidhegicdbiéte@bn( Bugrescence polarization

lasers), photonultiplier tubes, processors and .
anisogRpY-rittoresaenceflifetiae. fiorsesnsg coiplation srespayapPE (FGS), time-resolved

. I : : . o

enelFEbAE CER TR PR OF B Entlch e o Ml LR ¥ yaritions such
as biglin@iedscehicg Fgbndrtaenérgy tahefet @GRET). tAdlitdetabd¢teaion options include

section by one ore pore optical detectors. The optica
cleqia¢ad EgsttarcarepHEYil ENRTTaness 2ROV s SPMRSdes (e. g. ,

aval anche phot odi odes), a fiber-optic |ight guide
[0129YadImspme enbebaanh,aletactiomophios arauldeteptiomsectiané opfdetection

T S OSTE dh L EG SOTEH B R g s
whith UBleBtidd\§eclisC TR EOME tHisroH8MIE ovidds, thdBeteBlich section is generally the

reaction chambers present in the microfluidic device. The detection section for other devices

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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separate elenent. If the detector exists as a separate

el ement and the m crofluidic device includes a
w@bwsatissd of detection sections, detection caPCDUS205/020250

within a single detection section at any given nonent.

As a specific illustrative exanple, the mcrofluidic

devi ce can be attached to a transl atabl e stage and

dlcﬁlesa nightlstinmedetingdeviess 06 89 REereR jpB6tointip] r Ritds aﬂro@é@sors and
rocessor for sign

ui.red is %gen routed to a P
com %@??}}s&félgq pﬁ'@ e tadetgpta signal assocmted with a particular

I ili-zed.

eve%}g glﬁ(?%é%ﬁh? @ﬁ%n %h:é?%%af:ﬁé??gh&&itg Lé%} Q tlc%el Ségn@laglﬁb die{eﬁted in the
deteftionoletteat b)ngpesorg madrs of)m@ﬂrdahd:toish a‘lﬁlcfpﬁeﬂ@&tecdﬁfc%&? tdcRide one or

se tiqgs simul ta quﬁl%gﬁgjle detern1n|ng t he si gnal
mofg phRtedades(gep pyHa togtades)s & dber-optmdieht gvide rmdmg, for

16,ab @

SR oIR8 SR o o oo
C @%@ﬂ%ﬂs that are optically transparent at the

wavel engt h bei ng noni-tored. This feature enables the
[0188) i CREecHRS 641 E&ﬁldﬁ@ﬂéﬁh&té@wﬂﬁmlth@ﬁu&oﬁﬂﬂﬁe& v?Je orcanbe a

optical detection systens that are not p055|%) th
sepatf/Apmewn af theideiecion ehisisad ameparae Ielﬁnohnc amtbme cnam:oﬂuldlc device
mc{ug\%szég %)llu?ar%ﬂg P% {ie&g lé[lg)rh asg gbcg‘lg,lc c?cttloﬂ cat, ECCI”E a singlergetection section
at angugeven naditleriN AGPEdpedtic MafstratiVadxalipdy | @e %’llf:l%'ﬂllﬁil(l: 8&H& can be

fjel]d of view and a high nunerical aperture to
att ‘maztéantslﬁéa bnesandiscaing tnded misresgope oje@iich A signal so

[ sing.detection .

acqR&fisiRth &'ﬂf’é&% b Epﬁ&é%goﬁgé/r & #%1 {%‘? ga'[]é&ﬁn Propessing, Axpys of

sensitivity
phozimnmlylphér tplm{staad aise beaitisized) eAdditloRANo n%idﬁl?bysﬁﬁinsgthﬁ’%vg fhe
rel%.cgrrespond 0 a _reaction chanber rather th
cap FOEa°HS om gl thedigfercat detelionrseaijons Fhuelfanepisly while

deté?ﬁﬁmﬁ tHEBY e ﬁ‘aﬁﬁéagﬂ gé’ctlﬁfl c2h beLfiffsuch that image

qual ity is reduced or e imge I's blurred at the
rease th useabl e depth of

{ d t
01553 PR Gimed A SGfRis ot e it (o areab pYged arcrcompletly
or 1&@ely rergidaed ehaaRehls tRaLk GiHan Mi’ﬁ)%f’éﬁ% & thD Jra9SRAHR being

contenpl ated in sonme enbodi nents
moritpyecht Tl fGahit gerblesithe dejiiess|desgivay herein mgnﬂiza armaﬂxeﬂbf optical

hot.obl each due.to.exposure to
detééﬁ@? bt R R FRRLER TR o SRS ShsrisBieraghuidic devices
gn pho onsi nportance in instrunents such as that
[01 c§§§€u’u arepbgdisncabptthg eresentdmeention atlbzezsrvedemtcgan the form of a

CcCcP %mex%aagﬁ a%ﬁ)(l?éf :ani{h' tﬁﬁ'tl ﬁti%r g)l y %e do VéeVY ﬁ%(ggmﬁhdnélmencal

magni ficatio sys
apensm:e t@makimize thetambmleo@hgmyomaiédemm@acﬂ tb‘é&tﬁﬁl EHarlbBE thereby
ace ci dent -, an |l e raﬁA) in gener al ,
S

1ncrga|smgt #Jeaq,qtlpy smsbthvﬂgbﬁlé 1S ?@g m@y §he0(§C psedrpstan array of
pho@@@ﬂe@c‘éﬁ%ﬁer&h'@déﬁ ﬁi&@]o&séré/uq%ifﬁxé’lg péﬁés S¥asIY 3t ge{ntlg{l chamber

g fication. In fac ersstmrran
rathegrdhambeingwisedip g»m;iucoblp ﬁnagemfdlee &ﬂﬁawvl T}hﬂ,ume PLieH hayBe designed or

I, ol t neous nt| ally delete for reasons
a“e’%% e a‘%‘a\{)‘é@q"/ e T3eQ &S 8 defeptor i order to
incréale tﬁéals%fcﬁé @éﬁtﬁi 88 HEIARAhe @btﬂc@lr Setefldd c@ﬁe& mord q}t]gﬂt #0%ach
30.7 mm focal -plane array has been used to
reaction chamber. Particularly because the assays contemplated in some embodiments of the
present invention include biological assays using fluorescent dyes, which dyes photobleach

due to exposure to excitation light hence limiting the total number of signal photons
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for a 1:1 optical system (i.e., a system magnification
of 1). This allows a collection NA of 0.36
waemmlit@aeous Wi th an i mage-si de NA of 0. 36 onP@I/UR®05/020250
CCD, which provides reasonabl e performance with
respect to surface reflection losses . [0134] In sone
enbodi nents, |arger object-side NAs result in reduced
impBRhREn HlstnUBRENE as thedisousRAd DRaHIGE cbidi dkR4tiddk WelbdenBe object
at the detector (assum ng blur due to depth of focus
andgmege WA (nhemrioal apertiare) anl totalisysthye magnifisaoraios apy Ppliged system;

._and ot her.Jjssues),.for hve Cibvd .
sincEREAGLEE N5 LR P B 9B Rl LRSS LB s o e
inci3BRGIBR rBwd) W gienéraB atbi@atilg heghdy st fdantphe)-ss@sliAds nbt dchikvable
_crosstalk in signal between _chanbers is to be o
simpkigrieeysy WithrbisapLysieronagifigationy 1n fagh s lazger sypianp pRagnification

t hi jeCt 1 Si C ' LS. d i
i SRS CRRE R R RO ISERA T, ety
delc@erfdll f§1oteaink dewnibadbirsiprige infimagesids NA Gunieduently, in the system
reflection | osses at the surface_thereof.

The 1:1
desgrthedi BTSSP 0 appbfasal-PlRRS &Y stiegavgt to allow
; ’ aber . o . .
for L L G B b i AL B LA O YA SRR NA of
0.3d silnudiphéoma withymsit ieragedside NA d€0.86 tooto the G, gehidl ptoaidge reasonable
han the m crofluidic systemto be inmaged is thus
PerigrRHEIHLPSRIH BEHTHEHI 195 he present i nvention
as a design for the detailed system [0135] In other
[01341b okt sweret @nbadimens,fasgebeb aCttSUé[N@@I‘@UH an redugas] ejecdstdg depth-
he si of .t he .det ect ceD. f I
of-ttgi:qsa%\cf Eefggp laégg Pr&ng gg{]ﬁg(dgﬁzgﬁ% ﬁz%ss%rlnlé]lgooqglj d't8 rdgpth of focus

greftHARAY B &fuhl © e t WisabérddnCehl atheaisSuddpfe a given depth of
di mensions of 27.6 mmx 27.6 mm _ This detector |s

reagiionghembersipghe sample, dinitingtheraiopghblgiminifaynsgagipg petween reaction

di mensi,on 7 ' is
7 e Ao G BB AR 1
confleston hetl.a 1Be b}ﬁl@cdh gﬁterﬁ,}&ﬁiseigj eongide NA(: adrisoderdfiondis in good keeping
constraints related to_the. det or (i e-si gde )
with Hisi@ANAmagEaERgsasraly GurabedVA aptost CE0 8 Pﬁl@%}% fetgotor) if one
is tQ"ENH3Y ¥éffé '(%IPBS% cht ﬁiezsﬁrf%e thBRof eprd 1.9 E‘mﬁ@ﬁ?%@ Iyd ide
specifie e.g. to achieve a desired density of
furthempire inhesmtig feeiof nidstoddvendenate)rations, insreasmgtthaadmagtage of this

the m ni num t ot ol .ume of .the chanbers remain (e g.
e ST GH BB L L P8 e P 61 TGan pispectot aslarge o
JargdeP Blaf MEEmi Qo MYy Q¥R to bR 188 18 tus ik GAled bedny@érhBdtBments of
ue to small nunmbérs of reagent or target nolecul es,
the pressitripventibn ase desgre fo thedpiaileddystiemi num nunber of
fluorescent or otherw se optically-emtting nol ecul es

[0185] OB &BESImbIdImEMS thére @RS the d doshEdhsREinhetasdar tie tige of the
extend the chanbers parallel to the Z (optical)-axis

deteniert{ egha Calhfcebplane FEtlnEonexagain sema isHEe g fpantum-efficiency,
egual or__qn Yy Tl ' [1:
S D, BTGP 8 020 00T FRRLIR P L8081 Rbighay
smAl Rk tinarmichaldidic evide ohithcinessidisatfé 0t7hamsadfal enhorebdting in a
i nterrogated al ong the Z-axi

wi | | i )
system magnification of 0.88as a design for t%)e system described. Being near system

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

above are satisfied for such a magnification.
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generally result in a larger blur of the chanber image

at the detector for given object-side NA due to
walesh21864 f ocus consi derati ons, assum ng bl ur PCEUS05/020250

depth of focus is greater than or equal to blur due to

| ens aberrations and other issues. In sone situations,

this will lead to the user of a | ower object-side NA
and $58 o@fheqrezi&m rchéhlﬁbér@ Ry Deshedtiel (easo hdhievgredisized d@mtp of
of focus and hence light collection froma chamhe

samplet haabarspa il X¥tplens)t \M@lwnﬁ@alasﬁl%l thi PrviTIY i rVQI‘We of the
cha%g?r\l%éééﬁaﬂg &els 0 gté %{/e l’n%{ll%glﬁ} 1% rr%) c}{eﬁﬁ & Q/’thu‘fl?és ﬁ)'r Mnce to avoid

or near

oveBlagdd ﬁitlsﬁezﬂ&ldcﬁmﬁfms:diw’fb 8mall Inmﬂbbﬁ dﬁ-réé@htarretax@ehmolecules or
pl ace perpendicul ar .to the opti¢c axis) % be .used
simpliytt aefieyerroregiieg @lr&me@sﬁwb@r 0 PPF@S%HEO& pepvizapptigally-emitting

mol?é&h%p ;'Bféé ﬁl? 11‘%?1 § 2l AEHG Iﬁ%y ﬁé‘ﬁ&@és%ﬂﬂo%&tehh ehSERRIRF Sparallel to

he optic axis IS case, or
the Bi(bsticaDaskéssush érae the tbtamlumie Joéeaelmhambhweirmimsoaqsplt talol greater

thenRPRSB ISR GRS GFooHB S TIAREIORE LSO DR iEPciepes| deio, or
cohﬂﬁlie{f‘ Chahbtd L coHQQﬁ'x%t&tﬁ@ sahRkko bé Hltéfﬁfga{ddgﬂﬁné theZt £6k) will

i cations, ere higher NA is not essential; where
geneﬂaﬁy ecsul i1 alﬂefrgerlbémtofs]aem:hamheh anagﬂa(g thetd etertdri fﬂlgglivsn plyect-side

an issue hot obl ea h| J circ
NA @{q{ élgptih-d&éfg lgcceg g%sil@:lﬁ)%‘tgl}{gfl 19 Cg?'l oaf%:rgus is greater than
or eq¥at§ Bhﬁrﬁ%‘ td Feﬁ@&ﬂe@ﬁhéﬁﬂ ﬁld@théf&%ugﬁ Bltoh@Ritgations, this will lead to
articularly if M> NAo/0.5, or nore preferably M >

the hxooba Bﬂyerwlbgqcésﬁp@]k Ui eloa logics BIANEDS gystam pliows for greater depth

B T

Wltﬁcﬁft g&ﬁél%bﬁlﬁﬁ@ﬁm&ﬂmb&%@talmmtthe optedad sitzoal b(et\ﬁdaﬁtad}acent or

for a typical CCD 0137] In cases wh
nead; dberbisdan BapHRY.o BPSek ASnaiip LYIAIOGTS ik RT CAE Cgglace

, |
o T g ooy e
chambetaslinha bl tel l&p’elacgbdayt extdrsndifehednsibderiatd @aslliehis the optic
axsz'eErEﬁ?? e oMl Groea BUBE ol WL PSR T Al ARt g - cases
whe\[efi\ r%éljn%‘g s%ﬁé\iﬁgb{ fRhcth ch(afrﬂgﬁlgeﬂl%bvg %Mrefcﬁﬁmﬁe@iﬂa%e blur at the

t col | ection reqU|renents .g
detdotoracitiony eahe anmdsmitk de soyhightelrsitetbapplicatiens( whgre NA is not

all ow for_a |lar is.desira
ess?"rﬁ‘&? whete thereds é‘gﬁlcl\w\[ﬁa?g’&e ﬁ"tagg%oé‘o EFBES no{) suc ¢ fon-
pho%ﬁ?@ﬂhfﬁ%@ﬁﬁplefs GRAMRANBSSuLh ad R W BcRpbleagbiem Séﬁsdtlvﬁy) a lower
for examnple, one or nore CCD devices, having a size of

syster_rr mbgnifeationtdh 1 h@ydnesaltwle,tplaeﬂqmiaﬂyof Mz N Ao/ @ éaqrarore

to _be_imged. Use of_such | ar. etector all
reluiEale e Sl SR obppReeudiRamNAMNA
whé}g NCR i ﬁ fn | t eﬂ%b?e[o&ﬁ? %&Eéc@ﬁ}%’ﬁce"'\’vﬁﬂftﬁﬁ owldrgeg ht

d&"tl on e sanple for a fixed incident
reﬂecli’ttdm/lhktﬁ'tmietoemsdm thetdotectai(NéG. Sét36 ©.Q3 forlytypiedl] @@D) on
| osses at the CCD surface at high incom ng ray

[0187CT HPBse NP R Dbject-side depth-of-focus and/or blur requirements do not

necessitate an object-side NA < 0.36, or possibly 0.5, or more generally NA, < NAqe, 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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[0138] A particularly preferred detector uses a CCD
canera and an optical path that provides for a | arge
w0 p@bd21864 vi ew and a hi gh nunerical aperture tRPCT/US2005/020250
maxi m ze the anmount of |ight collected fromeach
reacti on chanber, thereby increasing detection
sensitivity hi this regard, the CCD is used as an
and %ﬁ{e‘? %n PHRIRAR ﬁ§ gé’é ol Sl Gl TorePa e X Ela 18 hgeﬂMoﬂé ReQfable such
|xe orresponds to a reaction chanber rat
thatﬂmssefgara sedintisedatableidetecior. i lnmgeh ehbedimentsriagan bemgeful t0hl§e a
tics be altered such e
deteflideniatar Sorals S8 or B el Ryt fitg ot frleggepfhan, the
areatmh@ﬂﬁéﬁﬂﬁldﬁ:y&tvf‘d@t@) Be SRhgRAC UKDT Sudh JRtgef dedttRAUBws an increase
reacti on chanb In sonme enbodi nents, it is useful

to
in t}mmagmﬁ(mt@n oéﬁpeqnﬂcalastysf@m end besica friactenfupprnsislerations) hlgher NA

A L R T L

by r@ﬂé’ctﬁh%é%éﬁh' tNe QDG Pt sShipl ifcbmind@gendident acgledse
the depth of field. Use of a I ow NA | ens system

ef erahl t [

[Olﬁg d& c\{lle@l ﬂglai%trgﬁe ?L‘{e&{’gxﬁg@ %('J]g g%mgltea % ﬁ{:gl p?tglrthat

proﬁ&éﬁ'@f e largél ficldrofvidve akd bhih \nuarsicall apeitng tarrsmmmzethe a:mnount of
arger than, the area_ of the m.cr.ofl uidi devi ce to

ligh aelfsisd feage BaSheR P GAETDBin U0 [PHEAYRESpeT laaﬁﬁla%tmty In this
reg%&g;gﬁ? ¥RD RekEEhd Alard rﬁlﬁ'oYdélEﬁécfo?é"WQ&eﬁ‘l%l:ﬁ ﬁﬁ(@} ol H489bf pixels

ector system ca g ht source for
consspcmib fit 4 regetiorr @pm’oberathdn a}nanmtmeéso produtecant iabige of the array.

nal . The t source ed.d ds i,n .
Thoseife opficsmiy bRl siehihs iPaRoR LY tsarfea st Rudrigd b increase
the %Btﬁ aPhkigldlJr gllﬂ; op?tf%Hf $R&nd ﬁ@oﬂg&,m&bﬂh Bf RorQhcll feﬁbﬁ(ﬁﬁchamber In

to, lasers, |aser di'odes, white |ight sources, and

SOTIei egrl’oqdnnertsut ip ubefirhto. emrﬂOﬁahigh@e}pect tatigt ¢1 ¢011@nnart0h@mbers to

B LN

systeRsS 8id flefafsly 63 AeRRuHIkd BF &h’ﬁ A%@t@tlﬂ&eas@tﬂ@e ddph of field. Use of a low
m ¢rofl ui di ¢  device itself. ternatively, |aser

NAd¢nsdwstema praealylaisrinletaraly symmetsindens syeleds is sahdt isialso useful to
use Qx da fe.%%r ?g‘l{lgg Sl d!ag}ptlg%tng'g? 51%}4 ébﬁ @evgc%g'}fé@n&ed digk of or larger than,

0’con I ng reaction su
the tul’éatof tHeanicasridic idghite to egnintdged. dU@eiiEmI cdnflincieai with |t]m low NA
the detection _section,the dete can al so i ncl ude,
optics impxeues Idstection sepsisiviy Grebe ,- a conductivity
sensor, a potentionetric sensor (e.g., pH electrode)
[01381d/ Ardetmta spstemroah incdtudeenisght s¢wce for stimulating tageporter that generates

t d Ll . 141] Ce i
o defireae SR e R SO T8 Fen A 1T P QB f the
rep SR PRESRAT atbP OQdeb!lehglﬁ sbcelobhuge, sbtui é‘xré%@ 1ifNd to, lasers, laser

and/ or ~show strong chemcal affinit
diodbsutyhite bghtsouesds, mhlg}ameﬁ@t}ulggmst bty qj]@@@@q utilized, the laser can be

utlha}e,@?l ?qqglta{*jrg)gsd g Edﬁ}? ?‘gl?tégt%ogfse%s oL 3 snr.(%lle éﬁ@%ﬁ()ﬁ étﬁ)%l § aser diodes
canReGRicfItaStalddri g thbheauilaidi FeaRRStselfn AlteﬁfatlEélg,elﬁ&r dlodes can be
OR), ethidium brom de, propidiumiodide, chronmonyci
fabreat¢dinkeansibes deyiceve wgplaced adjacent to the microfluidic device belng utilized
to conduct a thermal cycling reaction such that the laser light from the diode is directed into

the detection section.
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33258, Toto-1, Yoyo-1, and DAPI
(4', 6-di am di no- 2- phenyl i ndol e hydrochl ori de).
wdastizsaal di scussi on regardi ng the use of PCT/US2005/020250
intercal ation dyes is provided by Zhu et al, Anal.
Chem 66:1941-1948 (1994), which is incorporated by
reference in its entirety. [0142] As illustrated in
the 81845 EcdndlsoSiBPRAE TEP RN, % t8hpsRrOERSeNE chitMRAitPEensor, a
provide a 1:1 inmagi ng system adapted to generate and )
potativmetrid Jensrde.ge nhl, clediende) and orameamerohetolc sesae e nio monitor
.and ot her s{j%ﬂ{al st.fr mthe mcrofluidic device. A 1:1
ox1 %ﬁﬁiaﬂgf“s‘&}‘g eiagl%]nsgvi ded in some enbodi ments that
utilizes an inmage detection device as |arge as the

[014W nplertain ierchighge dyeshatihahad dgmetie flupergeng cefrangement upon
binAeilﬁ% g)gﬁlgr}igﬁelt-%ragj;ieq PZ\Y)% 20/ 0&?&0\9 @ﬁigég Henfi&A %ff?lity%? double-stranded

resent I nvention provide- l ncrease

 DNAY&ET beoged 2@ @étbetidoub A} randdd anaplifidddNAG ExBapiisof shitapihd dyes

. collection efficiency i, appr.oxiatel roportignal to
inclNge Dot 18 TOHBREES B, 5 TR Gt G resy (EUROMBIRHT Bebes Toe. of

ty. ni, | . 8.t tJj-0R;Qf
Eugl, 06, ORI ERA0Y B ARl 86l o, Hocon
33268 uto-di, Noyo-daaid DAPY 64’ trdiamadino2eplengkudodé hyirechlaride).

.ens_of nanoliters d actj.ve f]uoraophaore .
AddiGien BtsrReIB LB ERE BredinBreekigh AURORBrNded y Pl Anal.
Ch&TRRAioneNbIs (BRI Uehifh HAhERPHERAIRNE R RENtirtty.

pi coMol ar ranges 'provi de suitable fluorescent signals.

oo BT Bt PRl b S8 Bvenion provide
1:1 Shh@hg kst dasitétDo %eﬁéﬂ&id%ﬂld defict BYGERes, chdmiluriesdehgt
ranges from about the same size as the object to about

biolyaiifieseery, angj aser signals frqmp theapigrpiwidicidevigp Anlsbanagipg system is
an _image of .a i ' ' | ui di '
o PR B Mg PSP JLBIGH 4 5 B s
to be $SAgdtBEpMvidingDN émbpiag 096 laka fibkl of vidn dnthgerder of several cm’,
det ect i ng device is used tq_capture the | nage of the) )
embodiments of bgiPEeFeRiNKEPURR Mrorade ngErased mperahincsrre @y gptical
g - . . . - S
oo B PO Sl sl LOBH 858 pse O e
incroysevia W A provxdedilyesontehenbrodimento bf the@rasesanedntivhenable the collection
spatial region of the mcrofluidic device to t.he af ea
of SB#‘itlﬁ HpgseEnpsignals fromyigact tCQWPPﬁ@gF%%C?IBH vglumes on the

ordélecﬁ‘%n}é gd;‘féng- oPnaholilI€ SR RANE iﬂQlecgﬂmfeaJohgéltﬁﬁgns_'@{ @k Yrder of 1.0

exenp as the ratio selected for the inmaging

nangly®laminpther duapeditheots, adtive flardpbateatonggnbtations ingncoMolar ranges
{7.%144%?&? sone etnbod' ments, the optical inaging system
proyiffe pyitpble f1ugresqent 980als e of about 3 cmx 3 cm Li
ot her enbodi ments, the optical imaging systemincludes
[0143]f i Additionally, embpiameniseighe Prosehiagsatipn prayidedon ingggingsystems

about CIm X . . [ . [ ,
a3 BN By PP % SRPRRRS 0ot s
sizeas the 6bfedt 18 aBOutdAlf the Mjeatsize. Fob éxample,Inan embydidnent,@mimage of a
and 4 cmXx 4 cm _is_provided hj gen ral, thlel fi e,IiJI of )
spatjglaggion of paugetlnidie devigeys fignsmitted an captured, the spatial region being

associated with more than 96 chambers. An image detecting device is used to capture the

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

example, the ratio of the area of the spatial region of the microfluidic device to the area of the
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systemis selected to correspond to the spatial region
of the mcrofluidic device, for exanple, an area
wo pbazhisng a nunber of reaction chanmbers of i NPEF/ES1005/020250
[ 0145] Moreover, enbodinents of the present invention
provi de optical imaging systens with a range of
nunmeri cal apertures. As an exanple, an NA ranging from
and@ 0]5 R Bur én?bo?ﬁrﬁé{ﬂtg S AEGS fsMhah 9:0/4 TR particular ratios are
iments. In a particular embodi nent, NAS of 0. 15,
merély bgemﬁlaﬁy, a0 {1R3ti0 selested)fo theoinBgingsysteq Wilkdapend on the particular
ravi ded. [0146] The spatial resolution of the optical
appl"ﬁ‘ﬂﬁ?ng systemwi || generally be a functi on of the
size of the pixels in the inmage detect] deV|c In
[0143% nenepive dirhodiments, thwtvalelmng vient inehidey fh@eld of view of about

3 cnil K nclérfﬂ : %lazﬂaon ebogllu;a(le té’q}f)ér) g@ ?{m%?ﬁ eﬁggﬂ? @§ Q}ilef?lr&wew that

rangRS HroRAbdRL { b 0 URhED a@f)uim %R IxS5 aﬁS mpmlelﬁiat/\emﬂsbchmeﬂts an object
reacti on chanber. Generally, it is preferable to have
fieldheil ipW106 2t BB 201 HBXS- 25308171 i /O1Fme Al B &3t { Tofm. 3.5 cm

[

x 3. SRRRE] 4 k¥ 4 BT Guiabd, B LB \RERRUCH RN, bEnERpHoR imaging

systétie s écal tecmaiesﬁmdl& th‘anpmldtllregune of the mictdfluidie device, for example,
reaction cha i.n the %gm q; % %sten1 Thus,

an agRadpelyding agyr BQFﬁ@HF§3 bERPIAREESht i nvention, the
nunber of pixels associated with each reaction chanber

[01453n ngra‘owetmeﬂJbbdmﬂefﬁ(S ofFeloe prexamm\entm pioxale qp@galom@gmg systems

i xel i ons, i xel i ons xel
with 2 range ng gpiacal &@e %Awg le, é‘& “@*%ﬂé}gﬂ}ge 8 o@ tog‘ﬁ% 1s
proddd Ric¥Rling 3}:808s &hBo@ARAG! 3 ﬁ@aﬂlcﬁfﬁr embbdihRAE INAof 0.15, 0.18,
chanber according to sone enbodi nents of the present

0.2,i0rRBe At2500.3, P8040 O.hawgmsodiedent s of the present
i nvention, a range of pixel sizes from1l mMm®2 to 900
[01413']12 "ﬂﬁeﬁsﬁdﬁhﬂ regctetionfefithe ¥ptiqal Bnagaisyseenpiwiie senetallybeomfuaction of
mmon a side, 3 nmon a sjide, 4 on a %@%
the ez‘manf Téiﬁ pixedy igdhe mopgerdetssting devge. myomesmugdmaents pifhe present
invdliof! nthgmsafgﬁﬁicag& {?&h@nm A8 ks SonniFBdas n%rﬂsg%g %he ﬁi’éjoigtﬁe pixels
A on a8 are i26d in various e i ments of
presiehﬁ‘inﬂh@éétecttor Wﬂbd‘fttemﬂne ﬂm nvidber bEpisvlis desotiatcl witleeash reaction
skill _in t

chbere ST HpRIeReatlF Foh iRl deriog Pl 3o ith cach
reacgir ? %mﬁ@fg FoP e)%}{? 1@"@ a% Btidh 'cfaé is 49 %a n MABE ARG nine square

or arrays, [’so re erred to as | ge detec Ing
pixélehavigga side Climehs[tgl @juabtodd of ilkelerlap mﬁlstharefactlon chamber in the

utilized according to vario enbodi_nents o
111 hpemnnt i RbeRbFoALCOMIPA ] Hh N ERBROT GESTt BifFaion. fro mumber of
plx%egsse Ll v&;lﬁgéaﬁﬂ SedcRom chfl@Rr ¥arkes 886 PoxRJ0. 'R IeRiple, 4 pixel

pen |ng on the availability of detector arrays,
regighs &taxel megitns; 36 pixebrogiins, }b‘isplxa} negspnseBB)ﬁ meelpegionsy é9 pixel regions,

sone enbodi articul ar nts..
64 R TREPEmER ] PGSBS AoB pTet QT DR Spel S pypording
sonte dARhERS of B8IpARAENIERPGertion! | zed. [0149] Enbodi nent s
of the present |nvent|on provi de an optical inaging

[Oli‘y]St len embodiments of the present invention, a range of pixel sizes from 1 pm? to 900
pm? are utilized. For example, square pixels 1 pm on a side, 2 um on a side, 3 pm on a side,
4 ym on a side, 5 pm on a side, 10 pm on a side, 13.5 pm 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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characterized by several system paraneters. For
exanpl e, a working distance of greater than 35 nm for
w0 p@barses 45.92 mmis avail abl e t hrough enbodP@ENS®0©620250
the present invention. In another enbodi nent, a
Root - Mean- Square (RMS) spot dianeter averaging 13. 44
mmw th a maxi nrum val ue of 17.85 mmis provided.

REEAR il%ﬁ%&?@h gffgman uth® d0D§ I Yre utilized.
recM? ent’l oehS [ um nation vari at| on of abou?ulézo/% is

hi eved. somre enbod he .overagl|l | engt
[01 $°J SWAT '@eﬁ?ﬁ@r ﬁga?ye B pRedlppsitisr dptering ‘?f‘a{}aewﬁ?ludlng a
rangé J)ftlﬁielégmté’fare]&ﬂﬁ@d Q@&b&ﬁﬁ% to ParlBRS leMBOURSHR o¥ (AEBEe8Et invention.
he filter of istortion of < 0.10 % and
Array dmxanmns teage ﬁ@naﬁ?e?t Jeﬁlbplxsl ®gns teha00 § DIHO|pixl gregiens.

IB,is a.sinplified diagramfor an.im
DenggiyR il FanEnsbI oS s SYTEST pararay may be
proVided SIRnRIBMHIBBAS. Trf PedtibulRGdniish Bxihteridyl disibAnab®bi10024 x
figure IBis utilized for imaging of mcrofluidic
1,02emixelersgione pgti?. A4S b ¢i0d8 pixel sppiens arpuilégetlor m prot ei n
crystallization processes. Additional details
[014%0aEgibodinkeiegifitbe Biesért ivetion plovsderzat cqxﬂlcalnnfalggllgr@stbﬁ
and associated mcrofluidic devices are found in
chata@te@@ﬁ@jbh SEVEFA SYY PRATAM kAR Horxgmpts paygrkimg sfistangeiod ﬁfeater than

0 8, AR o S A B BB S5 B i

In dbthet éiﬁbdﬁ(ﬁﬁieﬁlf, aBviot-ManeS quarqRMGS pdpeddianetee hecragiag 13.44 pm with
herein for all Eur poses. In particular, additjonal

a mggipain yalpe ght 4s grrmsam\fldfm dVieregect, &@@u@ gubsgents of the present

. _accordi t.o enbodi ent venti o

inv iy o, Qe R GREET Gt 204 B o e SRS Bl sfibgfints, the

overd1PAgth '?)f ftﬂ&ﬂﬁi%al' iBhadf, r%nsfy%éﬁﬁs tStI@"l%ﬂﬂ Wlﬁ'h@ SRxFh@f B AOI of
are nmerely exanpl es, ich should not unduly Iimt the

12. 5T dgpmeasf a maelnmlralbnmn déamaster, at Greefilodr ob /6 inerar 3 disteirtion ¢f< 0.10 %,
t he art re variations, alternatives,
and g maxipin ia ger%?é?’g%]m‘i%gu ng system (10)

ﬁﬁ?er at es | n one enbodi ment, in the foll ow ng nanner.
[0159]r sFigurs BB 2 uimplidcd disgmm f@an imagiss syvtenypcerdugdo an

f
em%)orrpu t(eor%(l)% 1&%%%? g(r%ﬂté%lu Sfél?%ﬁle ye roldglngelﬁé éﬁ;@ﬁﬁ%ﬁ%ﬁ@&tem iltustrated
in ﬂ?gu]?@EB (26 1izad dettintaging] df@ﬂcmfhnhé Helvldets(lnclle&mglele(qﬁag adapted to
a first x, sition wt [ st ; ural it
Perforg P %{ﬁtﬁﬁﬁ@t@n REAFSETSn %@quabgiiﬁliﬁ feggilined %éystems as
111u§{15(r3m i ¥ {BlaRa tagk%fcﬂéarrﬁi‘chﬁh%e JEeMLCHe Fburd i 28WRnding and

distance froma c er center point, cones
cormmbnﬂyfo&mad hy. Raterg Lﬁmhdﬁmndéo (IQQBOZb%eﬂledduue%'d 2004 and U.S.

k f f th
Patg PO SH e U9 o Y- e edo a0 diond 2 Biscfiw'T Brdither
1nc&4p5ﬁtetdht%1 HePREH R GhefttsS M1 phyRbsed. MPafi R ddddstal details regarding
duci al” marks are then I'i kewi se napped with the

mlca@&mélcahwesaproaldﬁé @ecorfling o hmbodimsoth Qféhﬁ presqni jryention and their
Process 1s a

t.h
useB SRR ol PR pPaveuy RS bR RaBt 1 e TS, These

diagrams are merely examples, which should not unduly 11m1t the scope of the claims herein.

One of ordinary skill in the art would recognize many variations, alternatives, and

modifications.

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

microfluidic device (30) is securely placed on stage (20). Based on a fixed feature of the
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symmetric XY fiducial object and renoving any

non-symmetri c conponents. | nagi ng device (60), under
wao b@sazisss ol of conputer (1 10) then adjusts PEEUSE2005/020250

di mensi on | ocation of focal plane (100) to focus upon

the fiducial marking. For exanple, once focused upon

the first fiducial narking, the imaging systemthen
(30)o @&ﬁ g{ﬂt%r glf)} feh cXudés Si%rﬂ)eg%)eco'rﬁ(?&est e (MbCdueht H)' #Hgh microfluidic

I"'ooki ng tor addit’i onal uci al mar ki ngs

devwet(]h(D)nn talfﬂfstfx,}e pasiadn Wuthw ﬁ:rSt eriiﬂf@]ll]ﬁbt}dﬁiﬂ(h]@laé egt)rkmgsn wherein the

ferred enbo f Vview ca
TR FEEBPPRGRCRrD UraiGorhifie db B af E Bny s BFension
dlstm% tfdnh & chdmYerCRictpsiat, RomeBHRo Fsus BY @hAgiNg dwlies tw) based on dead
he mcrofluidic device has skew and stretch, and

reclgmg ﬁwmsﬂw ﬁmshfeame of il ey stermien vaasiors e pﬁef:ng coordinate
oty BohFPSel B BobBe VAo AP Sa0ESLPA RFaP il B e

likeWige thalgRE vaROthe Q8 FATRBIE a B (IS otlRe émbadlﬁfend;ut’hmgocess is
I mage subtraction and_ maski ng steps

autm@f@sﬁb@cww!qfﬂm aucigly pan ree ailﬁvé«'rt@ci PTU?PHPIQ’ baéwaé@g the
oS5 SIS, T
devﬁier(éw)(; tnded itisd @mtriobof @ﬂnﬂml(l 00) then ﬁ(ﬁgststheaztdlmenhem leeetion of

focahpfq%% b s e sy st Herag B 6 SReoMocd upon the
ﬁrs1¥ fli Ird gx}arﬁﬁg khPg3a H% §Menk tﬁén%%@eﬁgé DRELx 'y%gﬁdlﬂ‘été Bnhdeor

ki ngs ations I1n the x,y coordinate
micrefhgéic devich €0) d@ﬂdmgfom laéditlpmdg"siumbmaﬂﬁngﬂ witlenémeBeld of view of
1ma§]rp% GEPE’EZ@S)]‘ i gtgﬁq gqre ﬁlgt t& %ﬁfd:,c?eyvulav? %3& Ienq e Ql’(lj entire
meteFRQ SN TR éo%buté}rtﬁér%rﬁk%}zﬁs R ki A PeodrimRtlitagBtd @ftermine
i's perfornmed to transformthe i maged shape of the

whethdrdhé mgcroﬁinldlq deviseday sravand dtesghe and ifiskew jog sggtch are determined,

trangF Ll meq%ﬁ,?g)l( %flu%lg%é) é?}lx tk %a%%%l‘g? %ocgrphna%cﬁq%ﬁ f fhg%gigrotﬂ?udlc

devidead sh @ddaREdd0ddoednRE he@. The Iiﬂéahze(ﬁd:(fofrdihﬁﬁm 1b @bstElater during
t he neasured actual fiducial |ocations and the stored

imagg sabtraction enchmaskdesteBhs, i mage subtraction and ot her
i mge anal ysis are made p035|ble a matrix
[0152]anﬁ1‘ Iﬁrefmrted@mbﬁﬁyné’m@ d\eﬂﬁhepﬁdoﬂmdncecﬂmcm . eoardinatd image
ge.into an i de or use m({?urther

ahga%a&%%ﬁtmf N PP SRR e ss{eTe Hegi dstprnHes .WP&”B%& the stretch,
dlstm‘cﬁ)rnq{rll kYo de 1‘5’&&10& e@\%]sfnq}’l@\/&l@mé rﬁféﬁﬂi‘l@d 188RA8 present in the

I mage su tract| n and masking is possible to maxinm ze
midréfbnidicelerict by apmpariig thedetation nfthediducishanatigngs in the X,y coordinate

. Moreov ! i f. defects. or .debris are pr nt vv|t

imagh e Gobcip(HEag e 1§ etol e £ SoBREL hutelp T e stored

imagH ethpdef giGfefenlés 46 ?fésﬁnt%ﬂv&% th@adiesl fttiaPlocatitiSeat ¢ imaged
es to avoid false signals when applying autonated

ﬁdlmﬁé?@@tlgns h magtiy irenssormasionspikfonplp in Adfipatarsforipsion, is performed
whi ch cont ai,n def ects .or deb

to R A e T WP PR e b SR b ot Pl boterin

cellafiahd) BPcafvettihgthé a@BalSMag@loSE€known and fixed ideal image usmg the matrix

transformation computed from the differences between the measured actual fiducial locations

and the stored ideal fiducial locations, image subtraction and other image analysis are made

possible.
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readi ngs in the subsequent anal ysis. The di screpancy
bet ween various | ayers, such as between the contro
wo ao0en2@ed t he channel |ayer, can al so be cal ceCHUSH05/020250
based on the position of a found object in the contro
| ayer, such as the control lines thenselves. In
anot her exanple, this correction is determ ned based
a m%xtt%sﬁ%ﬁﬁ&i mhP¥& Bedel ea ité keFolnh HEERIEEn agdeQfitoGRI @il fmage for
enbodi nents, this extra transformation is inportant
use & frthet eagerogesting éqsenb@hhqrmnu Syscavsiag grecmaiged engreidic device
to chﬁ%g&ttgs é{agaﬂ;sls { hgnigge%t htg%ctlon &ng n{raglr}rlgléglh fésg%ﬁee max1mlze the
view#H18 aR8 € H’ﬁ‘le&’erﬁfg%ﬂ ¢hagbér0 M&e@ﬁ&pﬂ idefots @ fdebtieare present within
present invention. As illustrated in figures 2A-2
the phagplst lat ik Zergdn R serigsor time baséd/ 1B, Shwg defectgror flﬁléﬂs can be

B R O B b 030y i

In a@ﬂﬁloﬁf’to slekltihg bff airde ofitte c\hahibeﬁp)ﬂileh: t@tteintdefects or debris, the walls of
rel ati onship between the two figures. Accordin

the ghranberspgy és prbirasted e FuSeRGH: HBRECS: 4RAVES TN %e‘géaﬂl?%ﬁﬂse
readﬁf?sr in. tﬁ@%{s%ﬁ%ﬁ?aﬂa sls® Tfhlér(ﬁ&%g&ﬁ!:}aﬁét&%eﬁ %ous la gers such as

etween the vari ures. First
betwesnsths yeital A0 andsthielcharstet hye camalfscp bel pzdcﬂ#tedbased on the position

including .a first ertur
of afpyad iy dhecboptrobBEon Fished tisiReh B iahGRT. P fuother
exaf fTRAL §0rr&ﬂ\9ﬁY§deterhﬂ'1&l Ba3ed8f tHeRBHirb By B idubRISh&BSdVes. For
véntion. In other optical designs, the position,

cerlalnzcenbcaindems His estratranstfemiationdsingfortantsinge the capfeqlflayes partitions
are se 0,.achie rmned optical design
theﬁHﬁPQC ﬂﬁn?gﬁge Eﬁgﬁﬁ?g? f% ‘al so |Ilustrated in

figure 2A, |nclud|ng a second aperture_213.
[015415 cE@m %An2€ aresimphilied seiematic rlaggarwéwﬁat@g@ lepgpssembly

i cal
e Ay A PR oS IR
mldrﬁﬂlﬁﬂ@ lﬂeﬁfcle Q?S w’lﬁoﬁlﬂe&ﬁa ea’@H @if thedi@iresd edtl&idugh theeoth et gontroller
S i  ar e e SR e P PR e
app§é0|1 &tg {hqul\éhﬁr?shfplﬁetag& Rk Wg q%grés N AQ:C&‘&Hg’l}Q Rytke Eﬁﬁopn ate,

sone enbo nts the 1 magi ngsi gnal's
refe‘rérmmm;hﬁ;em }ralvebhem chirdedexer Cront DgikdA wdtrberalarifpdhe relationship
described nore fully below, the optical filter device
betyeernyig yprePS iEEPSss a sel ect ed spectral bandwi dth from
the one or nore fluorescent em ssion signals and is
[0155JapFiast lens qystenedld) isflbistatedon Egeter’anes inelugdingra famst anesture 211. As

1llu§tfadﬁé;|t}2t Ergt %pet&tglf : ge%cﬁgan? e‘?/eg%eenl 1ﬁld1V1(iu%§ f:e%n% &%@h&sh&pever this is

notFi‘é(ﬁﬁl%ﬁ?o'yriHe HildSer® NE/eftionDeb tEHopRBALi desighs i dsitith, size, and other
i ncl udeS reduci ng such aberrations. [0157] In a

chapmtqnsagﬂ eirthe st aberirme aresselaciedito apfievarnipdqtemingd opfiabdrgign goals.
Secopﬁ S % 21 9 @% altlgcb rllél@%%@& E{e? élrr% ?n A2 fl{%hR]{p?%% ?%g?éﬁ]g%rture 213. As

dlsédsbédelh/rélaﬁélpw/ﬁfst lens system 210, the optical elements are arranged in accordance

with the predetermined optical design goals.

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

device 213 are provided in a portion of the imaging path. In some embodiments the imaging
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el ement conbination is present in the optical path
bet ween the mcrofluidic device and the detector when
wao b@sopisscal filter device 213 (in sone enbodi PERUS2008020250
em ssion filter wheel) is in a first operating
position. The optical elements in figure 2A are
optim zed for the transm ssion and focusi ng of
¥R M toiiSr i AP BEVIXS fHRthed detdche. @eniestritef! nidre falpy be:law the
spectrum Accordi ngly, in _an enbodi nen spectra
opt1¢a1 fidter deviop is adansed orrass %tﬁelept%hwtéﬁdtaﬂ pidt 1539 one or more
assoe i at ed th t
ﬂuoyﬁsﬁe{ 1811%1061 S QIg rfaglgo{ L@gte‘aﬂB (E%ﬁ:eéé Sl o m(g'g I%Hogﬁ%{éﬁ abE@ons
assobfAGedSPIEE thie@ne ot hioge flusresdeat émisabn x@dalbyo adstesuined llevel In some
bandw dth of 30 nm As vv|I be dgﬁcri bed .npr fu%l h
embgdinesRts PrRCESSIRE ﬂaﬁx%?cﬁ%?f% OR3LCEPPF IS b%%(fes&: ‘t?ét%sél"
aber?g%%ed to correct for chromatic aberration are also
provided that are centered at ot her wavel engt hs

(01570 P SoTedi fint ssears SR LR ehsafyRf dptical
elenfténlt QF% at%‘b%owﬂetf éﬁ!ﬂﬁ&reﬁ&i 1ntﬁ§1r@@1\| %'ferﬁhﬁg t(ﬁfiglﬁe\ll, ﬂ% filGer/zero-
to the geonetry of wheel . For examp

po“&p elehreat cdmltmetr(m is ptveentan ﬂ@rpp@etﬂrm&t hatgea @ﬁeﬁﬁ@ﬂuﬁha device and

t hat,.dr n r
the REAPTEIeIIBE OPHL gL 2GR s FpBaieh Sl ApfSGbn itr
whé¥9f1§ QVEfirst §p @Sl LpRRIdC 'IfHe| ﬁlﬁﬂ e?@n&tﬁ in f@lré J?Ataeﬂf eptimized for the

"aced into the optical actuanﬁrs and H
transmteeton@ud;ﬁcpqmemg\mf tavelsegt &tﬂi @ﬁr%mﬁf@bt f gengfe%fIé ¢ gptigel
0 |ncI acco
spe(aﬂ% nﬁc%‘ﬁ n[g 1 Bt %%Btggrélte t{é‘? gilitgrs ?f; Zﬁjlts Iaﬁltefeﬁ%? Blvavelength

of 590% 8 dsdoeiasedSyish afé&lumdﬂmotmlo@mmmn ffoint Atpphth@Isystﬂns of
a second operatin ositio 0

In the enmb
Fosiar (it Fae ROl Spesto| RLCTap SR RAFTIAT It Spggipel pgndvidth of
cenper. t tdro-
0 B AL RGP Blop il e ansapiateguide over
clerBbis ¥ddpedstnp catrdctifer dhvamaiit arerméidn bye aétsosyrewtipé fhat are centered at

bandwi dt h of 25 nm Ge t he ectr r 224
otheravayglesel. geé‘e‘talué{ﬁg?ﬁat’ %%%%@Etsmn ﬁ%eglt a@sdo%lgat ed
with fluorophores emtting at "blue" wavel ength
[0158]pi Aald[s;zus—ssé orickatiod tavilersperited fidtag4dsindesie { eth§ Retigal filter

wavel e on of t tic
de"é‘i‘?ﬁ%ﬂ?ﬂgﬂtgp tf\eegffqr’tett’@'r? Zey eeltla oﬁg&gﬁ@ﬁﬁf e]?é Cﬁ%m?lrt T srpation
corﬁe%tlﬁg SICRRANE NMhdRbRdtiofs SIFBRIL, thaik6® S0 b filtet ]ixﬁder are included in

nmbodi nents, the filter and zero power doublet ar e
embmhmgme of fhemsggtmvmtmr Mapseesydectro-pptt rs as well as filters placed

bfert R icBtelithg el t
mt(tr@g bnﬁ aggr%oﬁdgﬁlﬁéﬁ '%ot%let?l zer ghpg?/ver op?tl P
are @ls8Bdlhded atcl’z@ﬂﬁigttbQﬂtbngmﬁdmﬁthepfeserﬂun\mnaomt i ng

position to the second operating position. The

[01 ei; OF@\P&B GRuRLRE 1t &L&t%&&ﬁf 18k éyatetﬂs%t@th%%mmon filter wheel

0 correct for chromatic aberration
ind J&@I@ﬂWtr@pOEhﬁnom ﬂreadm@sﬂ@ﬂtﬂ&tstrawﬂug figure 2B, the spectral filter

I t h [ nbodi
4 Gerertit s sevaetul o 3! b B GEorin Tt Do Ore AR, avalzble
froff &é{lﬁeﬁ'@? r}@{err{stf %ﬂ‘@‘éﬁhﬁ@&hﬁe@@yﬁﬁ’%&ﬁﬁﬂ)ﬂﬁvﬁﬁtﬁ €25 nm. Generally,
S1 on articul ar
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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fl uorophore, for exanple, Fan(tm. [0161] In sone
enbodi nents, the zero-power doublet is fabricated from
w@epanzised optical materials with different i ndB&I/082005/020250

refraction values. Merely by way of exanple, as
illustrated in figure 2B, a planar-concave lens is

coupled to a convex-planar lens. In a specific

sorerbobbdiRtits, (HedilReEEoRRNRE GBI i€ brdviddd o' .
achromat with the opt igg)al el enent gr cement o ﬁﬁ’g’gﬁ‘é?t?"al element,

whengap iy piheregmhodimenis. she Alterand aeiovmo veke slogiist @ detathdd fz@t each
' . BV] f skill in the art. In sone,
ot Moy B Pt B BnBS 8% Bt i WHEeES Fotetst g Bisy the
positiven afithe filtecadtro-powar €ptithi élérﬁ%ds,ttﬁarﬁﬁféﬁﬁ% fPath Me first ?Pderating
e S.

chromatic aberration in the blue and r filter ba
posiigppgiorthe-sesapd opgrating pesttion: dderzrro-powentdoahlgt 226 Blustritediin figure
2B %/&és | . . . I el . n t l r " "

Sy 18 Labrach for e b b it e oD 4 dndichisstgm et biue
wavdlengtles. A€ a spbafis pmbodialent, ithd B5o-p3& et SoubRti et toRorrect for

wavel ength of 645 n associated wth the fluorophore
chrpgaii e?fage’a & @B |“@Vﬁeé&tfbﬁfﬁﬂqaéfdi Wit ghe canissen framop pasticular

fludibRicR6  BF bathiYrarapect ral bandw dth of 75 nm
General ly, the 'spectral filter 228 is adapted to

ansm t fluorescent.signals associated with
mlﬁluofn;gp t B8V PiEfge ‘?ro"proé"’c?r ERH?}@'I 18 fghrrieated fipm seppraje optical
matas 510 Gtk & ettt VY LB ISy AMGAT Mé}@lg]m%ﬁ%geﬁ té-]ts illustrated

. Jportion of the optical spectrum [O01
in figgre 2, soplpnagzonedvenenstis 0@@lettoi angpnasx-planarlenp dinerspecific

tlSodl tr dindfigure 2 In so .
e OB nk Do qdiR bR DT Aoty B Tae gatisol dements
cemgsted togutipaL helotpt érfBddifkRINEIMernat8 d8@8nd fe QLRS! as will be evident
enb gjﬁﬂent s, the filter and zero power doublet are

to oge PhTFilien e gk dBéome ermbpdimgnisebyised daublegoardllustrated throughout the

j : ilter.wheel is.rotated t
ik R G T

engnts,. transitioni fromthe first or second

wl@"ée Eﬁf‘?‘?&‘%’é@?%‘t% et*%g[taﬁé Seqend densysastams mathgbe Fmission filter wheel
in a THE] SRS AR HO WP hRtentdRirhtdi YBIdA e%qlrl 'g%u%lnﬁ "tfte ézpce:ctlrgl filter

designed to correct for chromatic aber
228 jiyeangaedt eich wyveldngtiopt G45aim Gasstaated vithrikelflumapiedre RGiIS . available

fory BpPSPETblbe SR PRl oors s sePrbbanpron sosam Generally,
the SpaompaltilRg 208 Blidagted B fMNAGludrB& A& ARMREHAUP LS fluorophores

dllustrated in figure 2C conprises a” pl anar-convex
emifiigg gt wedipvavelengths, bwiraly eploartad with wavélongkg neds the long
S [ ipn. to figures 2A, 2B, and 2C, the
wavlled 36t dgé{i%@fcae?pgﬁe s 216, 226, and 230
d with their respective filters are designed

soci at
[01633 cH\Y I heR: anambicallemaent 28R meting dscn zeepower doubkt is illustrated
in fi %ﬂl}-l@ 20avRlsEREE i?r?e?@sd VIR ol O%Peer%tﬁgl\allg%i% g):'rcg\gé%’[ as a compound

~This design a OWS 07 IOt & GRITOr M &
opticapolemenyz edierda itr othananiatdientophé Gitbr ﬁﬂ&feﬁﬁv\%ﬁéﬁ%hﬁl%t &k
ich p

deta%{é?lfttq%g %@c%\@ 5 Pgﬁ%{agéq?elg:sfg{pg _re(rer%q)g'fg)léel:ntts? rt}?e emission ﬁ%cgrs wheel is
rotated to modify the position of the filter/zero-power optical elements, transitioning from the
first or second operating positions to the third operating position. The zero-power doublet
230 illustrated in figure 2C is designed to correct for chromatic aberration introduced by the

optical system at "red" wavelengths. In a specific embodiment, the zero-power doublet is
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benefits are useful for applications such as that
descri bed where tight packing of the reaction chanbers
w0 pooshzissd crof | ui dic device is utilized. AdditPOrNEE1095/020250
design goals for allowable crosstal k between optica
signals fromdifferent reaction chanbers generally
places limts on the maxi num spot or blur sizes
fror b lpaiRH1 R HlubRPhbIBAR RUBPR; ROV I@dthPRingRFR& A ind 2C, the zero-
optics reduce the blur or spot size at one wavel ength
povex toehtet iflestrptednintfigure?C sempiisey a plandreony wdenpsaipladde | concave-
| re%%pn) and al so reduce the blur or spot size at a
Pl {98 ent wavel ength region (e.g. for a filter with a
assband in the red mavelengkh region). This henefit

(0164 delisrussed turslationfsfigurehdA o ad 2ribaeRrEsving opticahelements
24 IS g SRR T80 SN 0AE 2 e e o

core€ihoRnBatid dberratiyn atnthe omivelgngthepasenbbit said tegpative idters. This design
entire assay. The di scussion praovi ded, above hag ..
allope formprecrri iora sed icpnustentspel siwse Jur, Bad otieoRicak gharctyristics of

the gﬁg sMidm Whioks SiPRRGLS HRPS Wilid] ?EISQ ﬁ\flﬁrgr&%vndggf&ééﬂﬁ%g@fxé 0?1%36

corrective zero-power optics simlarly
benpfiia aetuseful titveappfitatomb stehaisrthatriesaibjed vdteromghtipaéking of the reaction

filters of different. wavel.ength pass .t hat
chapyhes i g Tk TeEViEe Syl et AdBRR BN fRris Erf B alowable
crodsB 6Bl tweLUp B si%ﬁal@ﬁﬂﬂp(iiﬁgfeﬁpféa&ﬁorf tHABTHRECRRErally gi/acgs limits on

em ssion centered at a first wavel ength produced by )
the maaunim spaios iiurisings elowehaitheimage planse tAlsivat pia pdyegosion optics

resepnt in a mcrofluidic device accordi to an.
reciieBe P A St St gt Yieceisteneii eieri e 2ad Bty PR frebiue
wavel@igttregionfaftfiBe fedate 1hedhirl @ RpSihasdae b i fiérestued elength region (e.g.
em ssion at a first wavel ength, "Wavelength 1." In the

for & filteuiwith arassbandin the eefbwevelengdntegism) Thigdenpefitaguseiul in cases
figur . . react | .
ol ettty B B RSBt e
in, %g.§ B@i{hi’flhe;ﬂ:dvﬂn_ﬂ gbha: Wéﬂtﬁn@ﬂfk@fgﬁnﬁ,&h&bﬁﬁ hﬁlﬁedingrtbeld;emsiﬁlvyy of the
) W e evident to one of_ ski .in the t, the
entirnassisi The Gpcusips aropdest abole 43 pesteingd e Pléﬁ?gf{%m@%émemsa but one
of Si(Hf]l{f‘l:t%l(QQrt Yin1 El_gger&gﬁdxsh%ﬂ}ﬁefg € GRAG VRS o B8rrédlive Q@ﬁo—power

reaction chanbers. ustrated, a two-dinensiona
optis mdychafiayl Be similarly @iectd onthe loatited twin in donpigetdorbyith fidters of
.optical i I ng, syst.em pr.ovi de cording ta.an : :
iR PHRFIEN P LB o UG e baLerde o Egpent invention
previously, the reaction chanbers are in fluidic
[0168jo! Biguom3 isre photegragiced hroresentteonissien eentded afct st wavelength

|l umes .on the scal e of . nanoliters,an r.ch r . o
profeely e ke Tac £ pRmi e R BRSSP Eimicromuidc
devRRUREG AR affRh®odiniéM 6Bihe prébefiteinderitidona ABHDUREkAAR fighre 3, a

fluorescent em ssion centered at a second wavel en

th
nunphes @i ceagtigrychembsecrpdrrecarisnion fqg fifst wayrlenssh "B\favef%ngth L" In the
reacti.o e ' . 1 I ui 6l ' .
eSS SO ByBAGR e TR LA 0B B8 i
chafbetd dréiFhagdte dn 5einé egbodiméntsathe dirkiavavefenpthes asacibiedwith a
chanbers _produce eni ssign ai a second wavel

fluorgphpse andisenssed DICHRPHY A V11 lé)@reéggiegt tQrpge Q’? S]giggt% Hie art, the intensity
of Jonﬁﬁsg{)ﬁ A& RATORN SIeREA WS Rurlctibh bEthk @h&Richl HBEessd¥Yckiring 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

invention. As discussed previously, the reaction chambers are in fluidic isolation in some

51



10

15

20

25

30

reacti on chanbers produce light at either the first
wavel ength, the second wavel ength, or both the first
wapasazseond wavel ength. OF course, coll ection BemMUS2005/020250
anal ysis of the fluorescence activity nmay yield
insight into the nature of the chem cal processes
occurring in the reaction chanbers. [0167] Figures 5-7
reaclbff cmergbxé%g\%eﬁ%d Wﬁ%@goﬂ%%%kﬁ@ & REndMiQE HE®Er chamber
usi ng an enbodi ment of ‘the present invention.
dendRédsanr the grdeo of hendrefyerdidbarhioers pérsahiangieeriémetehe r ange of
wavel engths illustrated in the figures are generally
[0165] OUREskeiant @ phblogmphaY elueratdnt bandmn @hRasd at hlsendandelength
red maveleng?h respectively. Wavel engt hs of 525,
prods6ed bradeastion perusieg in 4 upnehesoéEracihon shpmberspressah gy amigofluidic

dev@% ggcfolr(ﬁﬂ,g cvém{/t%r?ﬂét d{nﬁgtroef%ﬂe %r%géng E}T/%Btlé e%g@ ds&gi!ed in figure 4, a

nunibet §5thé 8aeoh Bhanitsy SroBucegemisvian hiya @em‘bwamehgm t"lWatvl&R:ngth 2.
bl ue regi on of the optical spectrum Wvel eng tp
Congireing di@eres drandeh somareacion shagdicrsradugedithe famelight, while other

reacgg{l] & ag]lmﬂ)é{*s 1%%188& ﬂé}ﬁ%& %\frtﬁeeP g{ehﬁ‘:rs{ \it eﬁ%%t}p Ehé)gec&tlﬁwa}'elength or both

Ctrunl IS Ca ens
the £i¥68 hlﬁi@dcbﬂldlﬁ'hveié@h i Of tdugse, eolPtioh iand nealGsis of the fluorescence

calculatedforthelenssgtglnklllutratedian &
actiyify e gield etebt 1t o GaEe P L ANTBIoat HECISSTR Syt the reaction
chmhk% Mstrated in figure 2C. [0168] Figure 8 is an

um nat i on di agram illustrating relative uni formty

as a_func n of Sit d
G ettt ssarte Spormnn o e g qrne s A BB Ry
emHoldirHéHt RAtHeedet Rl QiR ReFerfing UNieil§fena$ forfike Ygdrbg ik range of

in mllimeters for the optical systemillustrated in
wavfeleggths ﬂmstrami i th@@lr@magc germrally Z9opedinta theeerveavglangid bands:
2
el AR 40O rp i A LA oL Lo TS e

111u§fh@ﬁfd9¥i ﬂ@uf’e% Berh Y aﬁ@kf@fe&mﬂflﬁh@ graem ﬂé@oﬂ@ﬁﬁkdﬁpﬁg&ltspectrum
resent invention. I n sone O$t|ca| Sy ste

Waw@q@hseofdrsét o, 6pd 5 BaimsyaaRiped o e sseralivgassociated with the
blu? %rf%lge ﬁ%ﬁﬁ%e@@&ﬁe:@??@gﬁ%ﬂ% o‘f"% 3 563t6h§ncp@§ breilustrated in

eniergy in-a spec tra region. Referring
ﬁgufr@7 f ge@fally Assoctagedf Wlalctheﬁred ﬂsfgldn‘nf the optﬂsnb sheetremg\Figige 5 is

lotted as a functjon of str in fi r
cal dyfpled R iedens wFteR %gtr%t? g D v e afi o T Lens
f
o A SIS d 7 BCASRA BRI A Mt i

figdré 261 t he center, about 90% of the energy is encl osed
at the sane distance fromthe centroid. In figures

[01@8]11F1ggfef 4 1:3ntil19Rida8oh DRkHeeHueRstieRRERE Lififorkil®) as a function of
calculfation is performed using fast Fourier transform

pos{tieR Prodicgdnsing e embpdinreatofithe aragentinyanéiopn dyfigyred, the relative

di th
i & AR A kR LS oadt 4 it R Gllichygtem
iltubtPatéd BHRrE2 A diaft favdiiel e@Bthi 6F 0. 550' e ete relative illumination uniformity

over a distance of 21.4 mm is greater than 90%.

[0169] Figures 9-11 are ensquared energy diagrams for several embodiments according to
the present invention. In some optical systems, a measure of the optical system performance
is the ensquared energy percentage, which is the percent of total energy in a specified central

region. Referring to figure 9, the fraction of the enclosed energy is plotted as a function of
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[0170] Figure 12 is a diagramillustrating field
curvature and distortion for an optical system
w@e@siekssd accordi ng to an enbodi nent of the prEGENS2005/020250
invention. Field curvature is illustrated for
wavel engt hs of 0.525 mm 0.550 nm and 0.575 nm as
| abeled in the figure. The distortion varies for the
111uét}été@1hrf%ﬁl?@2ﬂﬂk%laﬁ%ﬁm&e ertarj)le@lgh'lg'SQhﬁl florh e &36&@, about 50%
bet ween the various wavel engths on the scale of 0. 05%
of theendrgyistenalpsml at fBAR T} 5 Fingfoore the3cengowl, w&la@aafnr a position 21.4 mm

illustratin bl.e wavel engt s foc
ﬂorB%%@fé\f@é@Oﬁ%% gt fhs P ot LT sBc dhidng 38 he controid
In ﬂ Yf%@l Pr&hfﬁla@tlérhﬁ nfldlﬂ&brdedndtgiéﬁelﬁﬂff QH@Edl@ulﬁtﬁﬁﬁ's p‘éﬂblfrﬁed Wing fast
lustrdted as a function of the wavel ength in

Foulmen trmc)rmTﬁ“@ T\)/alwhéngﬁ hFigenes &0 phdi i et dnaqéarefienergBdiagrams for

over el engt h om 48 0,,650.nm As
the i oy B SRR TR A AL 2 ROl B
dlfmlgﬂglhagdgh‘ffractl on limted range is 4.243 mm

Referring to figure 13, the colors focus over a 214 mm

o RS D B SR 4 e

syst@ﬁf}&bﬁﬂé@b&d@l’dlﬁé td ﬁﬁerﬁ]ﬁtﬁilmﬁnﬂcﬁﬁh@presékﬁ thviemiod. Eiefd&mu&ture is
general, the size of the defocused spots wil
ﬂlu%tr@é@bf@r mmlel@gths oleD- 530 Pc iS58 par, end ASdémam, r‘{‘@ lab@led in the figure.

e e T

var@aybzlaeélsn hSeiLhe 8ehlabpy.05% 43 inbdtatsdat i ve embodi ments,
speci al ass types are utilized to achieve

[01?90013{ f@aﬁ {§ a%%%%ar 1&@ ﬁ&ﬁrﬁ@jwla%l Pétﬁ“v@ﬁgi %F%g?ced by

cre cost to” ot her gl ass” types
systeing lzhbéiﬁdi:hg +d én a:mbo&nﬁaht olf thg pasentfinvensieh.e it the figure, the chromatic

el engt hs prodyced. usi n enbadi ment of
foog] shibiR ATy plsH e ronconiaf iy U et 13 TRKE e aj@ﬁavaaﬁlength range

I 4 I
plobi s ARGl th S Ah i) 306150 R0ke M8 At o

masmamnpfool sﬁhefd ramge is 21463 799 g tne anchthealifipti omiunitbd cange is 4.243 pm.
osi tion. gjener ate the spot di at%r ans illustrated i
Referringta ;ﬁgm- © qopEs FQeyg 0¥ Fh Hp long span ayer the ff}dg%*ﬁf‘él range.

Acc%’%? ﬂglfya%ﬁ Aglagfs%dolfégé %ﬁ]{eﬁf p%ﬁ(%r%%ggé %nlgérgll%gﬁfudgé ?&{sﬁf@atlon of the

spotlsiz&cai s, 19086H bERfAER. IR RehEl 8d.sideQT Tid] ddfo@ne®spolswillPexceed that
are spot diagranms for sel ected wavel engt hs produced
of the 1m@>c1aﬁsmma obcrrding tof embpdimeris eh theipressnt ipyentions axial chromatic

abegra l &’? 1ts rc% (? ﬂu&i@ tk—;ﬁ ggeg(?f tﬁ£ b‘Iull&Hﬁo% ?e% %ﬁ&gge%ddalb%% AffPalternative

&7 mave e region o
eml&ﬁﬁxﬁéﬁtsl,r’@pécﬁﬁlﬁglaﬁ @lpes apnatilizk tn ﬁﬁhlareappc}ﬁvmdﬁdpwfﬁrh‘xahbe
stemat an optimal focus positio generate the
ge%%kly @btaa@ﬁ%ﬁtsaq inergated SPFFOMPars alogser gl%swpe%)he | ens
systemillustrated in figure ZB was utilized. Figures
[0118 aBiguied 1drléd apespotdizgamsforcalectad atasdelagthsrm@»dum wing an

e R AP gver g S alnEyed Bt e o} g oot dograms

for Wa9L18RLtRS intthe gRBA t&Adn of the optlcal spectrum (525, 550, and 575 nm) are
provided with the system at an optimal focus position. To generate the spot diagrams
illustrated in figures 14-16, the lens system illustrated in figure 2A was utilized. Figures 15
and 16 are spot diagrams calculated at +100 pm of defocus and -100 pm of defocus,
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spectrum are considered. As illustrated in figure 19,

field 4 includes rays at 501 nm extendi ng outside the
wao@siamshox shown in the figure. [0174] Fi gur eBCROSDR5/020250

are spot diagranms for sel ected wavel engths produced

usi ng an enbodi nent of the present invention. As

illustrated in the | egend of figure 20, spot diagrans

LA WRvVEehshgkhls in the red region of the optica
Spespectrum§616, 636, and 656 nn) are provided with the

m at opt i f ocus |t| ner te t he
rox 25 il 13110 Rs bR (iR 1oh SRryb Bevd el it aithe an
emBodRh &M It disibieat Behtibnl |A£U1|11@st2£ed/\ﬂ§théll gbmcz 61dﬁgdfb go r@‘ét diagrams
2 1 and 22 are spot diagranms cal culated at +100 nm of

for wevdenghsindhe hloo regiowef e pPper speciypedddlyand i 6 nm) are

T R

illudtiht@indi duedsniat 19/ ehelehogl st illusiesod th fighrt OBt wiliesd®nFigures 18
i nvention, another 1:1 optical relay 1 maging systemis

andplr9cm¢ slmﬂ dnagcammal@latgbaﬁﬂ@@tur@ ﬁéd@f@cqsr?@dom pa of defocus,

| | ustys at i.n figures;2A.tQ
S A e S e L e
speéthifin @ﬁzf&dnﬁdlﬂ%ﬂ ﬂsqn@dﬂﬁaﬁed ih Fighuked 9) %ekhﬁmcludes rays at 501 nm
filter/zero-power doubl et combi nation are nodified. In
exteniding aitside thetli00 eneberostioverin thafigireki ng di st ance of
greater than 35 nm for exanple, 46.12 mmis provided.

[Ol‘M]r epiifes 28RBS SR AiagdhrBeRir 8€lecté€ agélegtAs prdGussd ustrghan
maxi mum val ue of 14.73 mmis provided, the overal

embcmg@mf thfthq mse@pm“veaﬂlon nﬁs@ﬂ]ﬁgﬁfﬁ% incthe fagend of HeyraOpinch dlagrams
or QR of kel BSRHRE o008, AnRYE M rovided

witR are?s@'staﬁﬁat apoptithpcadiposition. SR galeate tha\ssp(bt&h@rhlﬁs illustrated in
produced usi ng an alternat|ée enbodi nent

Bisredibats o Fandregrm TARSTAICH 1 Hovs HCHEe] Bgists FIsfesand 22 are
ol U g DRERRTpP Ll S LrSRONAT I AL AL Rpltiver. 1
fi gd@és’lﬁls andJ2 X &b saleUgavetongdths édl theavé Fephgt dishe bptwéqidcttehware

Wavel engt hs of 525, 550, and 575 nmare illustrated in
mﬂ$¥@ﬁﬂe 23, generally associated with the green region

of the optical spectrumthe blue region of the optica
[013§e c I ammalteidative enpblisnant aG&2iding 86the @r@eﬁﬁﬁvmmaﬁmother 1:1 optical

rel alqulgqlééjté]rg%%/gglpggp%}v r It %&ipgen r | bglil }35:@ eli%leptg illustrated in
ﬁgﬁéé gl Mligbed Aflf%ugl 4@%&&3}5&&{&%3% Sesdriat chdrw@ﬁsrt@s 8fthe

gure 2A guré 24 is calculated for a lens
parsyﬂalea}mbaﬁe dncdudlng] ate ﬁltdr/usltormve@ dionblft @mlen@_t@n aggenodified. In this

e STt A e R O T 28 G 4012 mm i
pro®fded S NRRLVEE hn TONE QY ottii RS SR By ek 4PinS BV.28 Qin ®iiR e XAt value of
according to the present invention. Referring to

14.93 guirie pASjidddhthefovalilenptiodf theeptival limsgidg sysem ys $42.2 mm, with a
plotted as a function of the half dth fron1th
magEhen Siter APRO B roAeaTess am{j%.mazswgwg digmcisret fitg g of 76 mm.
| ens
[0176] Figures 23-25 are spot diagrams for selected wavelengths produced using an

alternative embodiment of the present invention. Referring to the legends for the figures, the
range of wavelengths illustrated in the figures are generally grouped into three wavelength
bands: green, blue, and red wavelengths, respectively. Wavelengths of 525, 550, and 575 nm

are illustrated in figure 23, generally associated with the green region of the optical spectrum.
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systemillustrated in figure 2A. As an exanple, for a
position 14.8 mmfromthe center, about 80% of the
wep@sgyisencl osed at about 7.5 mm from t he centP@I/t$2005/020250
whereas for a position 2 1.4 mmfromthe center, about
90% of the energy enclosed at the sane distance from
the centroid. In figures 26-28, diffraction is
the bitelx Q?H of %@ﬁrsﬁ!eétﬁnntw%vgl?h H% 8f 620 656, aﬁ@%fS? niBsle illustrated
usi ng-f ast rier transform al gorit’hns. Figures
in fX0radE g@ﬁeranﬁ asnesigted vath the esdyegnad rtlamptfca}r spetteurhe Rggure 23 is

calqsl@%(gg; alllfléllps;ss}/tst{eﬁlt l?eeggc&%n {.1'1 gﬂﬁl gate«fgl f 1gure ?éu iﬁgur§624 is calculated for a
lenéj%fsfehf"ﬁés'e@ Bn 't1§at hlﬁfsltﬂdfé@q‘n bt 08, ahd fikSred!599 cAlBEIRIa fOOlens system

at the exanpl es and enbodi nents déscri bed herein are
basédon tHat ilbistrated wefigeregéses only and that various
nodi fications or changes in light thereof will be
[01379 gﬁg@%fk X602 PE LAMaidd dnb@F didprihe faisbveltnifodithenthgecording to
included within the spirit and purview of this
the ppyseitdavdndnnaRefesdepie fgure A6 thppestrapichasneiosed epgrgy is plotted as

ﬁ?’?ﬁ%‘? g 31 Qf:l(e% Wldtgl?fgdr{l] ?%e(n’%ﬁ 4 I%ﬂ};ﬁl%rgr%g?ﬁ%t\%gous sitions usmg the lens

systeREilRPPAER IS0 DRI i AW digexadipld, TOg Rgitivat 4. X:ﬁmpfreﬁh thé) center, about
| east one chanber in at | east one mcrofluidic device,

0% né themgthgens@sw grabowidi. 5 gnr Bemitheerpirord vdwregs fasrfepasition 21.4

Iuores n 0 r
55 LSRN o S DBPTAGRT L Bl RS
cenh@ﬁlstlnmrélﬂ e 28, lduifidéttondie obledtane gehwaaibg the@dulgion is performed
chanber si ze, the chanber size belngacharacterlzed

usingfagicFenaier gpasfomn (Hi efearshmnoFigares £ apf a8 .a%@xsalgaredb energy
d

saB AR RLLEN O BB P AL EURL ety e s
as ihIfnsa 6, difiectmeisancladede f | uorescent signals

associated with the chanber. 2. The apparatus of claim
[0138]Veri6 bﬁo LR&er9Bbd %lt tHeQ@REMPIS bEMEmBoRHRRIsH sdrbell BEkGLare for

a size of the actual spatial dinension to a determ ned
illubteatale pangbsbeonly anditat eatidus Iquafn@mons ohehapges in lightihercof will be

suggFRibErPeCions ASIFLL 6 AMag BTesp H B s iih o nd purview of

th1s3appiﬁbﬁ1c§1pa@1€rs€6d§ésoﬂﬁe§ﬂ Rh@Rdlciber ein the at | east one
m'crofluidic device is characterized by a microfluidic

di mension and the optical lens systemis adapted to
provi de an imge of the at |east one mcrofluidic
device that is about a simlar size as the

m crof l ui di c di mensi on and adapted to transmt the one
or nore fluorescent em ssion signals associated with
the chanber at the about the simlar size. , 4. The
apparatus of claim2 wherein the reduced size of the
actual spatial dinmension and the actual spatia

di mensi on are characterized by a ratio of |ess than
one.
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5. The apparatus of claim4 wherein the ratio is |ess
than 0.9. 6. The apparatus of claim5 wherein the
WO 2105021864 | ess than 0.5. 7. The apparatus of cPEI/D8105/020250
wherein the mcrofluidic device is an elastoneiic
m crofluidic device and wherein the at | east one
chanber is a closed reaction chanber. 8. A nethod of
i magi ng one or nore selected fluorescence indications
fromat 4 eaStAﬂﬂﬁpa?ﬁﬁéTP)@'imgémg oﬁé 6F Rbldiettcfed RO &Bence
the nethod conpri'sing:nore Sanples in the at | east one
indicatinm dronod macrofluilés doigs, teappiratis¢pmptsingce al ong an
| mgi ng a?ﬁtglggﬁl%lu élgg?outgﬁeél tgﬁ orllee %rtnb NG oF Er%@o%e mlcroﬂuldlc

wherein 2908 'O
device athé RAsdeE p&h%ﬁo@@in@%ﬁthﬁfsﬁﬁésﬁm e by mdde ﬂﬁd&l‘d@dent emission
atial dinension nornal to the i magi ng, pat h; and
SIgnta alesived fromgoners Tere sunpled uthe pLilse Sae fharabar o therpt least one
r al
oAk 6B AL 4ok R g, AU
chapletigéd by anacteylspetial idinadapt maimabiortrelimtezing patl; &mdf t he

actual spatial dinmension to a determ ned |evel The
met hod o aptigaliess suseresavpladdo thsdtogmesiay thg OHt}?éI lens System

ben%cgcﬂ ed 36 ﬁ‘léllllS?ljllt ﬁ‘le%@ %k ﬁﬂ)r@gg% Eh%n?ﬁ s?@fl&ﬂe@ lWlth the chamber.
sion are characteri ze y arafio o ess than

one. 10. The method of claim9 wherein the ratio is

| ess t hah 0. JTheldppaibhes afetdind whereingherpgifcahlens eystent kreadapted to

ratio is.]es 5. 12. The tho of . cl
redighar Sh Pt hEo T oA e v Aol B sl faf e adapted to
tran@?n?trtﬁé bt Sl Boddeuior & cat rmhies el dlg‘@s,s@&atle@%ﬂl tB&€hamber at the

anber is a closed reaction chanber. 13. A systemfor

reduqe:dglzngtthereletarmmg}e\rehdl cations fromone or nore

chanbers of a m cr of i uidic device, the system

conpri Slsng af,Of faﬂs (B%izbm { \Qﬁergﬂtthggt!leﬁ)s@to? Ql%rgﬂuldm device is

capabl e of t ransmy

chafRfekizeéhbph nﬁc@ﬂ&tdlﬁﬂm’(e&gioﬁ land fchea)pﬁcﬁlrlexﬁs systénms déyptedato provide
fromthe portion of the spatial region of
an irgage 6f thgiakleasiqagimisrotivdic 66Y1P<'r‘ Bt isrebewe %la&tﬂli sige 3sdhp Hﬁcroﬂuldlc
[
infhgbf BRI 91 S R0 HRS 8L LR R ot
witli thesthaipbert dt olne difout the soptlarside. pat h, the first | ens
syst em bei ng char act eri zed by a first opti cal
characteristig, a se

| .t .
second portion GfPRE t5 haégll ?rﬁ%% iedietdsite 9 g actual spatial

dimIHSbL PP '&gtuﬁhﬁfaﬁﬁlt (ﬁfn'eﬁﬁgn B¥ chameranel Bp4 t4idl of less than one.
characteristic; "and

5. The apparatus of claim 4 wherein the ratio is less than 0.9.
6. The apparatus of claim 5 wherein the ratio is less than 0.5.
7. The apparatus of claim 1 wherein the microfluidic device is an

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

chamber.

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

from at least one chamber of a microfluidic device, the method comprising:

56



O 0 N O n A

10

O 0w NN Y s W N

e S
AW = O

a detector device coupled to a third portion of the
optical path, the detector device capturing the one or
worens/121ages of the portion of the spatial regP@RUS1008020250
detector being adapted to capture the one or nore
i mages, the one or nore imges having a determ ned
size at the detector device of about the first
morg 'ﬁﬁﬁ]gﬁéé ki 'ét Estont Ehanll H% o@éﬁeﬁ@oﬂg LRINASIMNIE! 8bRe an imaging
ermned size 1s a . thefII‘S
pathioupled ite theau teakioss: Chﬂlﬁlbef[h\élesaps themt tfastaingicharhBendine meshamber

the first S em an he sec system ar
szl FHETORSHEDEIE PRIFTE PAS SOYQ A fm AR RyGRLlR the
lma%& ?)ldﬁgt Mmd3 wherein the mcrofluidic device is
% acterized by a microfluidic dinension and the

det ect ortradetmtueg the cnlar awrefliotescebyemissipatsieabls associated with the
for.an,active re i.on The

chagbefieugh o apUP PR s iFer B T in iR Dl Fefin e ogtial tens

syst&hr{'é h@d’pte?l' 18 @edifte i@z edTahd @tudl h?ﬁiﬁﬁi d@iensib8.to Aldetetyifod Mevel.
claim 16 wherein the m crof ui d| ¢ dinmension is |ess

than the spatial dinension. system of cla

wher ei n % he riheraethod af elaime$ V@@rql% t@ﬁ@@tﬁ&éwﬁ@f tfte actuafspatlal
r of | t. 4
a0 P SyHh R SRURIL P00 Bhol RSt P Q38 g on.
the at | east 48 cl osed reacti on chanbers are in
f1 ui di ¢ li0sol aflieanethodof elaym Bfwhehen dtehretio rsdassttham0.9.
chanbers. 2 1. A nethod for imagi ng one or nore

i ndi cati ns from chanmbers of a
mi cr of | Jl di c F@E'Wlﬁtg‘ dPﬁ%‘a 8"&‘6%68?1%\3 i"&iQyf5 less than 0.5.

transmtting one or nore images of a portion of a

spatial megi ofheheBolof Elainh Biviicteifl 16 BRrd IBdictdeeice is an

portion of the spatial region of the mcrofluidic
elasanwrmenmmihgdla evise inpdWheeeihthe phieageine ichmbir ig pglosed reaction
chas at| al region of the mcrofluidic device being

UREr act eri zed by a first dinmension; coupling a first

| ens systemto a first portion of the opti cal path,

the firsB. | ens sgytahdon ineigigy @iear acdre indieatiohy franf drestr more

tical charact.er,isti c coupling a.second | ens system

chag, erg of a iRt flyistie depicnAh QWétCBb‘t‘? Sil&th, the second

| ens sysfemdogi ﬂbﬂq gﬁ@éﬁtﬁ:ta%dtﬁ ggngﬁaﬁab&e&ﬁ%sﬂmlhg 8he or more
characteristic; capturing thé one or nore inages

imagés dﬂ’aqaqmmﬁ oﬁmsmthal' mglo@mﬂalmn]crcrfbtgdlg devis¢ frgmethel poion @i the spatial
devi

regigp of Fqn&ﬁmgfo yidic ! Z‘g{ﬁ%{‘:’éﬁ ﬁn 0? h@gspatl IC1)”e>z<g(:"1cc)jn E)P thd ntlllgll'OﬂUIdlc device

being characterized by a first dimension;

a first lens system coupled to a first portion of the optical path, the first lens
system being characterized by a first optical characteristic;

a second lens system coupled to a second portion of the optical path, the
second lens system being characterized by a second optical characteristic; and

a detector device coupled to a third portion of the optical path, the detector
device capturing the one or more images of the portion of the spatial region, the detector
being adapted to capture the one or more images, the one or more images having a

determined size at the detector device of about the first dimension or less.
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one or nore inmages having a determ ned size at the
det ector device of about the first dinension or
wo e®s/12864 The nethod of claim2 1 wherein the PCT/US2005/020250
determ ned size is about 0.99 of the first dinension
and | ess. 23. The net hod of claim?2 1 wherein the

first len sytemand C dlessste are
char act elr4lszed y§tey ?Hq gsn Eﬁqde%gmn%gz%s( fhogt 0.99 of
thegfstglﬁéﬂgio%a%dmr ein the mecr ofI ui d| c device is

characterized by a mcrofluidic dinension and the
detector device is characterized by a spati al

di mensi of- f orThesysiem edeclziay] %Whelﬁﬁ’eth?’rﬁé\‘i{éq!ﬂséb’ﬁp@ and the second
ns n b ze as the spati al
lensasygﬁnsérgﬁhggé quf% a%f%hmgli ﬂf&gng%l% m crofluidic
devi ces, the nethod conprising: transmtting an i nage
of a spalt& al Tegiystemodf daim 1y whémindthe ndevoifloglic ddvéce is

spatial. region _be associ a re t han

chagakiehiped by 2 gﬂﬁ@@&@ﬂ%&@?@%@ﬂé Hﬁggt%%or ¥ice ﬂasa‘?}aaacteﬂzed bya

etection spatial region

P mggggg?gtedﬁg ﬁ“@ﬁﬂggage detecting device, the inmage
det ecti on spatlal regi on bei ng of about an equal size
of t he skyat i aTher@gﬁezmoMamhw whereor theinderofluishé disnengign is about a
ﬁ Qg fé i m.25 wherein the spatial region

sim @V?ﬁ%ﬁ ﬁﬂﬁﬂé "MEGE°%et ecti on spatial region is about

one (1). 27. The nethod of claim 25 wherein the

s patial r$egi orhghyvieHest dhyint hewheREahe etieotlullic dp&inkiah is less than
%lon is about 0.99 or less. 28. The nethod of claim
whdimenpionhe spatial region divided by the image

detection spatial region is about 0.88 or |ess. 29.

The met had of el |

spati al reglon | Q%%ufﬂggfgiah&%ﬁnhgﬁgao g&g&ﬁﬁggwsan

elastpread canicr@uidithievive chmgriahg at kash 435:lcvshé resction hisanhbremg e
detection spatial region is about 27.6 nn1by about

aherei n e | Mg dcd g L Bhried F syl ‘et sgtion

chaﬁ@@ﬂétm@%@ﬁé 9048 lany 89iHRMIhR ZeaclibB chBhbS Of
claim 25 wherein the image detection spatial region

conpri ses about 2048 by 2048 pixel regions, each of
the pi xeH.r eghareshorhipr igaging pae PO RGNS fim gpR At more

the

t The net hod of
ch C %gﬂ@@f%mgf ?tété(gé? {Y\E\%q}qedmg{h%?é: g{n ng%%’r e associ at ed
W th 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;

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

capturing the one or more images of the portion of the spatial region using a
detector device, the detector device being coupled to a third portion of the optical path, the
one or more images having a determined size at the detector device of about the first

dimension or less.
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at | east one of the chanbers. 34. The method of claim

33 wherein at |east nine pixel regions are associ ated
wowvdk/1z1864 east one of the chanmbers. 35. The nep¢DUSN5/020250

clai m 34 wherein nore than 20 pi xel regions are

associated with at | east one of the chanmbers. 36. A

nmet hod of inmaging m fluidjc dew e t he t hod
conpri si%ig: 13}5‘1‘%‘? h?fg éﬂal%]g?éf 8@1%%,5‘8@31“33&%%abom 0.99 of
at | east a determ ned nunber of
the ﬁﬁ?%‘%gﬁgfﬂgﬁ%nscr of | ui di ¢ devi ce using an i nmage

detection spatial region duri n% atime frame of |ess
t han on@3mi nifthe, methed eflgdaim 2 hwherejn teifing les sypem anddhe second

of the spati al on_i ubstatlallyfreefroma
lensﬂ??@rﬁrﬁgllaéﬁ%‘?%eﬁgégﬁ?ﬂdﬁﬁl ?So%'g % 37, The method of

claim36 further conprising capturing the inage of the

spati al yegi ormeas&hed af @dim 1 hateid Bi@shictofidledevios sed

nunber of chanmbers of the mcrof] uidic device using
charapigrizertigea méeredridsriimsatiPaRnd Bigidsteotderige & ¢ hemeterisdhy 2
spatl ldgnee%i)o% v\%}élfﬁgg(ﬁ&%ag%ﬁl tﬁgﬁ‘?%GEmdﬁsdlm-Epﬁoﬂ% gglbl&fét a similar size
as tHee@atiil dimerdion.i s a tine frams of Iess than 30 seconds.

39. The nethod of claim 36 wherein capturing the image

of the spati al reglo occurs is a.ti fra of.less ..

than 15 Decorfd&etiy r} lﬁﬁtn'l’fﬁ‘a’f@’f&lﬁ Hg\'lﬁ?ssg%\m%@%(fﬁompnsmg‘

the captprkngifg %V{Iﬁa @E)Qt'i‘é? W&divn P4 ndifi8fitidieddvi e spatial

of |less than one mnu for the determ ned nunber of
regiohhaﬂngrassocthteﬁtlWﬁmmon@ﬁlm%@hamb%rs,rﬁlﬂG wherein the

capturi ng occu rmned nu

chanber s° ﬁﬁﬁmgﬁ 84 %qer?pgtlﬂ SR Y él?‘}%%er(;ettecuon spatial
reglﬁﬁ‘@&%cﬁ?ed V%H?aﬂ'ﬁﬁég@die%tlﬁé abvitd te 1 Mh%& QeRcidiespatial region being of

determ ned tenperature range is 43. The net hod

abowtf ancdqairhsize df thi epatiphregipn of fémiﬁfﬁfé‘é}dtcéjf%@ﬁat ure is a

portion of a cyclical tenperature environnment

associ at W Y0

3o wher ot t niar it PaREES iy HARpREN Ao PR UY e
ima?@détbctﬂﬁl spathalgegan &rabodbonelig net hod of cl ai m 36

urther conprising capturing at |east a second image

f th tial h at.least t
et or i nBl nubSSROP CRERBERS YT e PRYIF PP I ded by he

imagﬁaét%&ldﬁ% %1&950115@&%119@9%}1&@ spatial region during
e rane | ess

28.  The method of claim 27 wherein the spatial region divided by the

image detection spatial region is about 0.88 or less.

29.  The method of claim 25 wherein the image detection spatial region is

about 30.7 mm by about 30.7 mm and greater.

30.  The method of claim 25 wherein the image detection spatial region is

about 27.6 mm by about 27.6 mm and greater.

31.  The method of claim 25 wherein the image detection spatial region

comprises about 2048 by 2048 pixel regions.
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t han one m nute, whereupon the capturing of the second

i mge of the spatial region represents a fluorescent
W@ri0s321BM  46. An apparatus for imagi ng one orPEODUE2005/020250

sel ected fluorescence indications froma mcrofluidic

devi ce, the apparatus conprising: an inmagi ng path
coupl ed in at_ | east one

%z I eggt one cql}arrber . S ) _ _

m crof | uPt ¢ dBg oG H&laumegi Waerpiatthe prageidetaston epatial region
thpades Ab&EI2008 8 200 f - SKYeliR :

0 sjlsgnal s deri veg f@ r%?n&gln%g%?ls’négglg%g%‘%%% ?‘%Eﬁ&fghhg‘(}g{ga spatial

dinpension ofpeowsHamme by @boutié pah ahdgshtetne m crof | ui dic
device; and an optical filter device coupled to a
first spatial. portio f . the_imagi ng path provided for )
transni s3i'on of & Ogr? Cl?ﬁmrf’@raén?eéﬁ‘i @0 ixelgegpng ae apsgsiated with
at 1egt beddf the ch8hbleVvi ce being adapted to transmt a
sel ected spectral bandwidth fromthe one or nore

fluorescent enission signals and being adapted to
process ¥he ofhermethodiof slaimi3a velivesinat leostiimesgineliragiods are

ass .iﬁtgd%"tﬁa ﬂ:‘i Stogqer([)?ihe;e g]I ugr escent em ssion sighals to a

eterm ne evel . e’a‘tgppar atus of claim46
further conprising: a detector coupled to a second

spatial $ortiThe obthoef cBgBAVHAIA ide HRAD0DHiIRAEIO are

of. t%]e.gne or rmlr?g fl uorescent em ssion signals; a
asseqigted Wit q& leagtqneof thshieaetso a third spatial portion

of the imaging path, the first | ens system being

adapt ed 3@ Caﬂtﬁtﬁ@@?ﬁgéﬁqﬁﬁrgﬂlﬂﬁgz%ﬁ\q at tﬁe%?tﬁl)? E%mprising:

signals derived from east one chanber
at | eastcaphemngiaorimbpeoth spatieMiegion aasvcinpéd with aslRust@&letermined

rovidi ng electro netic radiation characterized b
nunkle? F c?l’lxa%eés TnyGr 1§1g Yicatpag agﬁlaggea%qtgaiopépatial rggion during a

one 0O

timé frai@diofleds tanloRdSlin®6, WAGERRMShd Baéinﬁ%géfthg ﬁﬁ&gnegcﬁ%ﬁ%spaﬁal

mcrofluidic device, wherein a group of nore t
regign Andyeptantialy freer frerh @i stitdbing andiascdnnimg proyessf t he ot her
chanbers in the group of nore than 48 chanbers. 48.

The a tu f ' . her conmpri.sing:; a second
ons oy el am cutimha) Bt ddipl 46 hifler SORRESiRe Pyt 8 Pidee of the
spatiateegiogagsatihted avith 2 léabethsdbteanittd bmbBLM Rar®eRiTehd Qicrofluidic

d %%%ov.id t.herrrgl control for the at |east one
VISP UPB8 M ‘Hhage delrrien snptelregian drEng p timedframe pf greatgethand 0

mill&eRddsses a plurality of spectral filters and a
plurality of zero-power doublets. 49. The apparatus of

claim46 wherein the plurality of zero-power doublets
38.  The method of claim 36 wherein capturing the image of the spatial

region occurs is a time frame of less than 30 seconds.

39.  The method of claim 36 wherein capturing the image of the spatial

region occurs is a time frame of less than 15 seconds.

40.  The method of claim 36 wherein the capturing occurs synchronously

for the time frame of less than one minute for the determined number of chambers.

41.  The method of claim 36 wherein the capturing occurs while the

determined number of chambers are maintained in a determined temperature range.
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conprises a first zero-power doublet adapted to reduce

chromatic aberrations at a first predeterm ned
woerwslizigt h and a second zero- power doubl et adeEr/Es2008020250

reduce chromatic aberrations at a second predeterm ned

wavel engt h. 50. The apparatus of claim46 wherein the

optical filter devjce duces backgr.ound. si.gnal .

associ atéd wikhs methest ?f‘gﬁnb‘fl Wﬁ%re} dRigTpined Q?IBpeéature range 1s
ztza%edeternined | evel . 51. The apparatus of claim46

erein processing the one or nore chromatic
aberrations conprises correcting the one or nore
chr omat i43. abérheanétbodof d2im Thwhensprtha dgtsrmined temparguge is a

port G AR B o Pl PERTER s L SR G process.
chromatic aberrations to a predeterm ned |evel, the

predet erqal nedriegithodef AGinth@vaetet! the detebyin@d number of chambers
_ predetermned shift in a focal point associated with a
is aflpgss P6 pad gehter-act eri zed by a first color and a second

ray characterized by a second color. 53. A nethod of

anal yzi ng pr ogRSS&R0d Bt GhiAps @ HRiHeF cdthfiGhs Ehflintng at least a second
0 | mage of

devi ces, "fhe net conprising: capturing a
imagé of thaspatRbrephandsescatedwithtat feestpke detdrmoihed swsberwfithambers of the
. m nute, wherein_each of the chamhers in the_ at. | east
micydlugdia Apare s e 1meags detectiodspaial gpeien 3%%‘;}166@% fiame of less

tharP$ddGhingh2 Wﬂ@ﬁﬁpbﬁ‘ tﬂe%g%hn%ﬁ?ﬁlte s8&reNAnbe Bﬁ‘éhe%ggtial region

processing the I mage. e nmethod of claim
represemtsefluaresneni emisgijon.capt uri ng a second i mage of the at
| east 96 chanbers in a tinme period of |ess than one

m nut e; d processing.the second ipmage. 55.. 4

met hod o‘?{l cl alglﬁ | r?@?r%mgfoé iTRage il Prrllélo%nse]leﬁgeéleﬂl}%gescence
indiPRIdnQ Rla HEEBHuAilc &Pfides He apySaRINCORYtSHga Numeri cal

aperture greater than or equal to_ 0.23 and a

magni f i catimeaingesth eqvpleddp leagiuane champgpin ab beastigqe microfluidic

t f. _cl.ai ) i he. i cal ..
o BB PSS G PO A ot
signhhlef®td 6dmodnetdrandre Sdnpleeinatha ackadt onb chiebartof e lea@Bone

~chanmbers conprises a volunme of about 100 nanoliters
micgfpidigdevicggndThe et hod of clai m 57 wherein each of

the at |GaskicfhIEhABREE SOl s5iSt shakil JiforPbt BB hging parh

10 nanolitéers and | ess.
provided for transmission of the one or more emission signals, the optical filter device being

adapted to transmit a selected spectral bandwidth from the one or more fluorescent emission
signals and being adapted to process one or more chromatic aberrations associated with the

one or more fluorescent emission signals to a determined level.

47.  The apparatus of claim 46 further comprising:

a detector coupled to a second spatial portion of the imaging path to read a
portion of the one or more fluorescent emission signals;

a first lens system coupled to a third spatial portion of the imaging path, the
first lens system being adapted to capture one or more fluorescent emission signals derived
from the at least one chamber in the at least one microfluidic device;

an optical source providing electromagnetic radiation characterized by one or

more spectral bandwidths; and
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59. The nethod of claim58 wherein each of the at
| east 96 chanbers conprises a volune of about 100
wee@sh2sesr s and | ess. 60. The nmethod of cl ai m BGI/US2005/020250
wherein the density of each of the at |east 96
chanbers is about 100 chanbers per cn2 and greater. 6
1. The nethod of claim®60 wherein the density of each
; : chanber s. per .
e K SRR o R p A EAGOeFiP herein o
graupef deare ittap 48fchembbrsof int thediatisdl@ast frQf aah arfterodhdr Shambers in the
An

about 1,000 chanbers per cnR and greater. 63.
gro&Bé’gP&% af’é‘% Oﬁa’ﬁ’ﬁ'g?rﬁg an nicrofl uidic device

conprising a plurality of processing sites, the

pluralitysof PheessehiigoBibBS4TARIRL &Srﬁgdﬁﬁg:' east one
sanpl e selected from M sanpl es and at |‘east~ one

reagent 369w dnsisysamonpladene Surthmpatgd partiinust the imaging path;
andcONMPrising: an illumnation systemcoupled to the
m crofl ui dic device and adapted to illum nate the

m crof | ua dheemealesoin@el Wotlille@igaed RIBEHAL fermalddtdoPfbr R at least
i m |fgg system coupl ed to the mcrofluidic device an
ongigteibadicsleyiseavtiacial the eptinshfliendeyicesdingtisesn winialityeof spectral

filtdrs ana b BBkt Q’?F%‘f’?ﬁogjff%%gési ng sites; and64. The

apparatus o erein the mcrofluidic device
is an elastoneric mcrofluidic device. 65. The
appar at u49.of ThaappatBusvianl @inria wherpiahe sRirdlBy St E&S-p%Rr doublets

cl osed.reacti on chanpers. 66. The apparatus of claim
congas & AL RSPV QOANEL §1eBied o G0e PEaEelio Ab@TRBERE: irst
pre€QemiihéBwavdl Al b SRBR4A Eé’ro%fow%p ?Hﬁblgt%ga%tgﬁl% feﬁpée Homatic

fluidic isolation per square cmof area a greater.

abegtionsfib a spgrad predetasfinddavamebBgthher ei n t he
el ectromagnetic radiation emtted fromthe plurality

oppoar ar o2 of IR ArbREl R i ACRS P o Pt Al dgmes reduces a
backgmtndsipedl asouphavithe poihfiike ShEiHHER a &f%det&@ﬁned level.

apparatus of claim®68 wherein the plurality o

processing sites are characterized by a vol une of
about 10U nanblis 3PBRRMSN clavg<t6 whpreiripsocgpiiag tiewse of more

hr ' (=Y -al ] f ' ites are
S ek SRR R e e
| ess. 71. The apparatus of claim69 wherein the

pl ur al i t3¢2. of Preoppswiwefslaeslarkerein 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

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 isolation from
any of the other chambers in the at least 96 chambers; and

processing the image.
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characterized by an array density of 250 sites per cm

and greater. 72. The apparatus of claim®69 wherein the
w@bwsatissd of processing sites are characteri zRdI/b§20851020250

array density of 1,000 sites per-cn2 and greater. 73.

The apparatus of claim63 wherein the plurality of

processing sites are_adapted to support protein

cryst al 13%at i B¢ peibed et glaim 73 furthes CappETiBgUs of clai m
63 wher edaBtu%ig.E a%h@éé%{i?iggg Bl Gt (A5 &L dnBMhbk iR RYnkPeriod of less

radi ati on. I magl ng system the system
tharcomgahimmta)gnd a conputer; mcrofhiidic array device

including at least 1,536 reaction chanbers in fluidic

i sol at i FAOCSHES EIaST & microfluidic array device

conprising an elastoneric block formed froma

pluralitss of 1iRWBEHed WHEERL B3 dthelBREIptANE; ArPlige AdSerflrmed
| east one recess forned therein, the recess having at

usin grasuptionlesysteml hevingtd eumesidst apesturggreatenthan or equal fy)-é? and a

Wi.th t h? recess; a q %g opti cal detection system 76.
magaCahign 1esg ainr%&flﬁag Ly¥¢em of claim 75 wherein the at

| east 1,536 reaction chanbers are characterized by a

vol une of6.| esphd Meiod 80clamn o5 intherein thé bptithigyspini lea b numerical

I magi nzg sgst emof_ claim?75 wherein the at |east 1,536
apertargcareaser thamoroiual 192k patial |y arranged with an array

density greater than or equal 250 chanbers per square

centi meter. 7’18}re hBBo@BF biaRh 55 MBGIRY NI Qficdst 86 Bhafwbers
wherein M sanples and N reagents are distributed anong

conipiBesd voleastof 2pb&BAE O mandliters aofhdesber s. 79. The opti cal
i magi ng system of claim75 wherein the optical

L TRarng S . ;  Lhe :
mor e 1 O oo cLIR MERHAT HoPh 8B 6ap B 1SRt OF shpgybers
coriprizd$a VSlaslel FRb&ERATRRLSIteAAnd T&E. Optical imagi ng

system of claim 75 wherein the optical detection

systemis adaﬁhtled to provide one or nore imaqes of a
pr ot ei n ¥ ystHra methed 6 clgine &8 sdheran srebafdbe giileast 80 chambers

con?plilggse 5 V&Lnferb? aBbut! 1%6?3&00:1116?;’ Ond REET1 on chanbers.

60.  The method of claim 53 wherein the density of each of the at least 96

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

chambers is about 250 chambers per cm” and greater.

62. The method of claim 61 wherein the density of each of the at least 96

chambers is about 1,000 chambers per cm” and greater.

63.  An apparatus 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

electromagnetic radiation emitted from the plurality of processing sites; and
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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 radiation

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 greater.

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.  An optical imaging system, the system comprising:

a computer;
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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
illumination 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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