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Patent Application 5 Serial Nunber 60/495,374, filed
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Iculty observing low light level signals from
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Cotl£6F thRThOéndg | cal systens al so have
d| ght signals to be detected are
of shorln adiyptem, sch dscy mickefiyidie systemsthehepnveyreparticles through one or
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Summary of the Invention The present invention

provi des an optical systemfor acquiring, fast sgect ra '

fr om spatvientional dpigniher systemayeve mgelf@ylsttchfﬁwb@ksle prg¥euple, prior

Jf?ﬁal%?e@tlgﬂ s#rﬁérﬁg 51%%%1516 1ﬂ&&fr9tfelaﬂﬂ k&vid ?oo?%stu t§ h&e to the
SIs or sorting chip at contalns an a
ordl By phpbderahg ﬂcm ﬂl@h@e@q&\ gignels grogp ﬂu@mswélabils 00 paﬂmles when

hmas{;)ééaﬁ?)&l?{)‘;er a-ligl%e RAL IR Dpi & ¥§s¥§gs 118 bR cﬁﬁ%ﬂ? \$hen the light

signals to be detected are of short duration, for example, less than one millisecond. For

example, conventional CCD (charge coupled device) technology has a frame rate of

more than one millisecond.
Prior systems for interrogating microchannels also are limited to focusing light
on a single channel, a region of less than about 500um, and capturing light from a

similarly limited region.

Summary of the Invention

The present invention provides an optical system for acquiring fast spectra from
spatially channel arrays. The system is designed to be used to interrogate a microfluidic
particle analysis or sorting chip that contains an array of one or more parallel fluidic
channels spaced over 1 to 200 millimeters. The particles conveyed in the channels have
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i mpl emsntl ng an illustrative enbodi nent of the present

i nve 'on.. Fi gu S a schematic diagram of an
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Fi gur e Thelihvettibr atiebe ap}fdiélﬁ%oﬁﬁglkld@:ébdﬂﬁ{oﬁ%tgﬁlﬁﬁﬁi the accompanying
endi cular to the

h
e EP B RN aP kG rBefrore el e to s BgPRRGTbEEhout the

ofdiffealt vitetsect i on system of the present

Figure 1 illustrates a system having a plurality of channels for conveying streams
of particles, suitable for implementing an illustrative embodiment of the present
invention.

Figure 2 is a schematic diagram of an optical detection system of the present
invention.

Figure 3 illustrates a cross section through one microchannel in a plane
perpendicular to the microchannel

Figure 4 is a schematic diagram of an optical detection system of the present
invention, illustrating in detail the components of the fluorescence detector.

Figure 5 illustrates an optical detection system suitable for analyzing particles in
a plurality of channels of a microfluidic system.
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o e e Bran o) the present invention may be
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or_cel.ls, therethrough. The illustrative mcrofluidic
s?}?@%ﬁliﬂmﬁﬁ %B’ﬁ%ldﬂéeé?g'a substrate 1 having a plurality
of channel s, such as mcrochannels 3, disposed

[ d.an .particles

th ip. The..channel s .transport fl / or )
tbr oughEToL HGREET BrdpeRuEyenatim 60 ufois BE EbamgRing an
hahstratig, endodirént RE tHeohut M Aylud gl A LALGPST HahMds RR conveying

A ls,lllb%%lalnge, such as particles or cells, therethrough. The illustrative microfluidic system

10 comprises a substrate 1 having a plurality of channels, such as microchannels 3,
disposed therein. The channels transport fluid and/or particles through the microfluidic
system 10 for processing, handling, and/or performing any suitable operation on a liquid
sample. As used herein, the term “microfluidic” refers to a system or device for
handling, processing, ejecting and/or analyzing a fluid sample including at least one
channel having microscale dimensions. The term “channel” as used herein refers to a
pathway formed in or through a medium that allows for movement of fluids, such as
liquids and gases. The term “microchannel” refers to a channel preferably formed in a
microfluidic system or device having cross-sectional dimensions in the range between
about 1.0 um and about 500 pm, preferably between about 25 pm and about 350 pm and
-3.



30 sanple. As used herein, the term"mcrofluidic"
refers to a systemor device for handling,

wEe@ses®sNg, ejecting and/ or anal yzing a fl ui dPGEIR1084/026467

10

15

20

25

including at | east one channel having mcroscale
di mensi ons. The term "channel" as used herein refers
t anest ppeerablanbetvoremet oirns lopmtand abiodt 390 wali O bhatdinary skill in the

al 0 v t_of fluids, such as,,|iqui d
oL el CRYRIR N dpakinifine Pilfe 354 tonghpflf finnet. e
pradges atd mtehdedredncindatiz@boveraitedivalues Syighpendoiower limits. The

deyice.havi ng cross-sectional dinmensions in the. range )
ot e ARy S8R0 Shir 08 sutnei ol araumplee of A Hclude a lincar
2@16 \g}agi]i!l;lgéggmgfé%fragﬂ% S'Zt% g]gﬂiggeﬁﬁﬁlf'@mﬁﬁﬂ. Thg ln\&@gﬂuidic system 10

. 4 st preferably between
2 Bk BT ARG B B O BEete g o IS BT SRS trough
t hige mardflwitdiclsyliemalf. e t o det ermi ne an appropriate
volume and | ength of the channel. The ranges are

i ntended to include the above-recited val ues as upper
or | owdhelpresettinvéition pedvddescn dpticaliryRtorTyr SRV £ehicrofluidic

S e _0or aryangenegnt, exanpl of ch i.nclude a

" ORE s SRS Nic SHETTe FRelt 151 ne datigal deteriop afithe present

c anfenton atay bo Jmﬁ{eme:ﬁtddr iﬁ%ﬂﬁﬁ?ﬁﬁﬁk@iﬁﬁ@of tlﬁam:)i)cr?ﬂuidic system to
c ris n ui t.abl.e nunber, of m crochanpel.s. or . .

¢ BIREESe bttt iR S relifior The yShicn oy Qe eiliigtes biilding of a
1 detedtion gystesethat ¢anwealeite migofviditechigswiR buaib] #2816 6f Sannels
f_% Uff $@1@13-§1§ﬁ$f'#idi° 10 chLE, such as the

m-crof FUtan CREYEE G 8P Pieh fneormorpRicgpgation regigny &4 that have
ophydienl priesicidm 1i t0\2S0inoWithgyeibeed ek TR @do 100 8m.

measurenent region 2 of the mcrofluidic systemto
interrogate the systemin this region. The invention

provi d&he bptical detattes mayinhatiitng flow tAroudl b §UirhRy oTCAAER]s in the chip
t hat ﬁaﬁn scale to,.n c(i:egfl ui di ¢ ¢hi Eq% vvi.tfi paral | el .
PPy RREIR e aPLCHlidelicior of g Sy R aRtieal SlesPE Ginspect
oimiv_idmﬁ partiches Iferf ot e @Ezaiétigﬁlaf e_ﬁ’dr@d’t&is%i%cs,t dﬂ@% a'FYE i,
pRysi cal . extent fro tQ Wi th preferred. extent
P RBReSCemt B8t ap ATt A6 Vil otog chyetgomIce Sbvious t one of
f batindrpelllg Fopexdniila) ihtay iDist@tiv@fbsdiment, AR sphichl detector of the

i mul t aneo he o etector or a system of

S #slg. T Ptigal d

PSP e A VR 43} e RosiIqnsd gX e a refabiyelyilangs eresat e shir (.2, an

f miv@mfeam’f bﬁ%@;llplhbﬁﬂ tWélv&trmﬂlﬁlﬂét@fé_t?ﬂ ifﬁiyi Iﬁﬁlirln%téﬁhinatﬁameter)

si ze,. form orescent. i pLensity optica ,

sedfinpayr Se-fundreE g hets pf BRapgavEcles b o obpsrvelidhe optical

t detedter i@fcapabﬁdi'bﬂt&l‘syeﬁéﬂtﬂvéliy ﬁ&@tﬁﬂﬁ%%ﬂ'lﬁwtﬂgﬁ’{ RYel, ?ig{laﬁs from a
etect or of t

il ' nmbod , cal.
* Pt 35 BB Renna R ianiso R Sl i i i ety at the

30

35
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f nonitnigd Plavvingthasugh@nber alkseEn@dels The optical 25
detector is capable of cost effectively capturing

fast, low light level, signals froma
Figure 2 illustrates an overview of an optical detection system 8 of an illustrative

embodiment of the invention, which may be implemented in the microfluidic system of
Figure 1. Those skilled in the art will recognize that the optical detection system may be
implemented in any suitable system and is not limited to the microfluidic system of
Figure 1.
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and may be inplenented in any suitable system having
a substance, such as particles, to be nonitored
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subsystem is placed above the microfluidic chip 10 to capture as many fluorescent

photons as possible and image them onto detectors (not shown).

The optical detection system 8 may be implemented in an Interrogation area 2 of
the chip 10. The illustrative interrogation area 2 encompasses 24 channels 3, though one
skilled in the art will recognize that any suitable number of channels may be observed
using the optical detection system 8. In the illustrative embodiment, the interrogation

area 2 is about 10mm wide (across a plurality of channels 3) by 4mm long (along each
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Amt@B@tBacht dhanied tovAluehiffa theegion 31 in which particles 18 are permitted to
flow in a conventional core flow. Much stray light is blocked by the pinhole layer 13,
which may be a separate part from the microfluidic chip or may be fabricated on the
surface of the chip by photolithography or other methods known to those skilled in the
art of chip fabrication.
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mcmaatlbu lehis @5y afiguredayd pmwneaeo aapnn%mhwylo&rﬂ{eqﬂio@&s emitted
USSPk S AP R o i e B 4 el
s}mh@mfﬂ@nﬂ‘ﬂﬁn@ Greal Ieﬁgh&:dhﬁhéﬂc@dll@' aVRH1AH101 AR B8R 1§t‘h%rLe1ca

t t descri bed in U
ook Rt E4F osh EareRlomi e is0 o7 bl s HeF fo imaging
1ﬂm3MelDﬁﬁtesI Redispersienélsment 46 iluspatednk adiPdw GAlInGNS located

at f ce. Other suitable
et bOEGUBRIR 35, e Gt 1ot o
Amﬂrite(tai the mvav%flgtwof bherpaeticnl QD2 Be . 2TﬂQﬂﬁlthatﬁ/%‘httrow grating 46
10/8 élqﬁ%and 1 160%&%/? |l of which are

he
gy 8 jagtiyarga. Fhedigtre v egating 46 has 720

sgd@eﬁw/mm slidAgisarplof ahble 0P8I 1Cgrdts bes30 &1 %%g@tﬁ’aﬁ the grating
detail the co onent s of

iodiongn iamiBe WSteds THaddiirn e S1a i rdulidee angle

dﬁheﬁOrmn llglhtkis peittemad fronible W fcaPintfigile AUMRE skllked in the art will
erture c confi gured and

w F# e n |en
§?$%"n %%I)ﬁ‘?ls F%eaﬁ%%%gﬁg}dlas ?lﬁh@nmléar@mm@may be used
f inciecérdendd wwmmaemu@a bf ilel 1ﬁvéi§10ﬁ03§ Ir&!oﬁstmmsn he%@ %749
ff.the sglelf F# %1& | enses. of 5Qnmm and
f%@fm}e@ﬁb IHERvaRgle &9 Faschythe I gper difiipciombhghtdions thergrating 46
Laida@corVerat the ¥ifBREEA stk ihton imadé OPthe iBERSB PErtRISA the image
aval I2§)I e and in use for inmaging

A fiber array 49 extends from the image plane 48 and conveys signals to

detectors 50 for analyzing the signal. The detectors may be a camera or other suitable
device.

Due to the presence of the littrow grating in the optical path the illuminated
particle in the microchannel 3 is imaged into the plane 48 with longer wavelength
photons tilted through a larger angle than shorter wavelength photons so that the particle
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light in a manner related to the wavel ength of the
particular light beam The illustrative littrow

grias bBpecha spebaglontt gt infagd plade. n”Bhbt_Bn@'h Qavalbidth &om 500nm to
7 active area. Thed itrow |n as %ég

s RSO YR SDIUIEAL BicHRgY i égqpla%@fl thg S0mm focal
55&1gﬂh Ienkdshised figH Iendeb @b ahd147.9TB¢ 11R@trative RASIdirh&R@Es a spectral
fromthe v rticlcalél.1 The Li t‘(ﬁiow angle is 23.33 degrees

{&P’r"?‘{%’g TR0S PR WE Rght is bent away from
the vertical in figure 4. One skilled in the art vviII
recogni_ze that Suitable neans for bending lig I n
a parti Ioﬂlcﬁléfﬁt%ﬁuoﬁﬁvt%’égﬁ% ge usgasl 'iorP%é?}E’B Péﬁlﬁ]@é la\bﬁ}eﬁ with
t faﬁtlb@ﬂ&hbdiﬂﬁ t® Flublsphbiey 8nbdthenfludies REOPYIEE1Y eldiRRs k®¥en to those

ition d at thev‘)h% rowan le . to catch the 1
t

St
o ehea i Terael FHOPEHh creRgligion ighy ive 453pm wavelength then,
r &Bﬂé)@hfpll’@ font B&n Géd parRelesldbelédRithiaftiBodiBs bdtE o ﬂﬁoﬂ’o'ﬁﬁores FITC

¢ {(Bltrest oo BaP R (Rl b it Al GALOBoghyenin) and PerCP
C QPMﬁﬁﬁlnSdl"Ml@bﬁyll protélg 'C%ﬁipl’éxi} v@ﬂcﬁ Rivedeak Ylﬁbfégcehf:@emlssmn at

I d t mer a or ot
S oIDap; 7. B a ReP s Eaar dbe ghodhs s AGAPE, and
ngEQIrEIﬂ greifladed®nePthic b, @[ﬁbﬂfé ét%fésitﬂohbl migaati&dns, 980microns, 3136nm,
H

i.n th croc is imaged into the
p |aa§ égéfgrrwrpﬂs U’%’éﬁe t?vg\% eSpﬁﬁ%Y hs AL O[P@@a? plate with 400um

t oty ghitant A0geh aaaéer dpiie ! %?%d’ﬂ‘tﬁ&&']ﬂléﬁ WAN%@NSve each

that th le -
PPFULDD i B PR %?néwﬁ PR dBermo Pscing afbr Afg cach
p llédagion E@EPBEIRAYH 1B pmahﬁ%h%fﬁéﬁmb@@mmresm%\mes an

reag over about 7841 mcrons in the inage

48T AR comRAF FBPIe cplh getretahysten, sigesdd nlaéﬁé 84th one end in

4 5hea1ﬂ£hgé plantiB Halvb Usdirf dhdr\efd eRQRH B U8R . ahﬁtﬁ@ HIursﬁletlve

res | f 39 m crons_ per. nm wavel engt h
0 P gllm%ttg%ﬁ?ceﬁ &)< Py dbergrs prnledie th%p%cﬁg@hn@e Window of a

P@hblotlbRIfdraReBR sdldancl8 HePESIL® Sr BO1ALAE 97260-20 phototubes from
f[Luor ophores or gaher fluorescent particle markers

k sy Jmsd 8t 2 LgeiipReprTsspendEng o 2 nslepnedfein grdelvfn@mphfy the

t Hﬁo%@dnkébpﬁéhl lsigaibls ah& céﬁveﬁ&ﬁ&ﬁ‘té{\@é@ﬂr@rﬁg %ignélgemherfaﬂfphfymg
ggdqted:tone can use particles |abeled with antibodi es

15 SBribptistegs iensiierpoy Fyalpnche plgtadiode arrays or others

i iﬁb\k}h @&M@B@Elﬁ)led PEné Bt Bh%gil@rnﬁ}hﬂb@% udGo detect the optical signals
(Al oPhycoQ/anl n) and P

( Pee PRpvisFibERIRPEHePloieselsi n Conpl ex) which have
peak fluorescence em ssion at 530nm 575nm 630nm

and 695nm respectively. The photons from FI TC, PE, and
In Figure 4, the fibers 49 which interrogate particles in the illustrated channel are

located in the same plane as the plane of the channel in the microfluidic chip. If the
system is used on a multiple channel array then the other channels lie in front of the

plane of illustrated channel or behind the plane of illustrated channel.

Figure 5 shows a perspective view of an optical detector system 80 used for
observing multiple channels in a microfluidic chip. The optical detector system 80 also
includes a pinhole array 13 blocking most incident light 14 and illuminating small
detection regions 2 in each channel 3 of the six channels of the microfluidic chip. The
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wi th 400um 15 holes in it and 400um di aneter opti cal
fibers placed in those holes will then give each

f |dpacal4:911mmaﬁ/thé ea@édmoﬁa@isulit&o’%g?ﬁit\ingjiﬂﬂ REomBabtionllens is similar to

b 49 at |
o shong il Fhafee B0 cralie e Glne oy irdiineBis ofigns and rating
f Ispemﬁ@dmoneSIrpg@ﬂm ke 8ize ofthk Icéﬂnpgﬁeéﬂmﬁif I?ig%gratmg sets must be
t.i ystem Fibers
ortattiehn < R o GvipT Rt agtR L B ehust e eie ot B eioction region
at(tlﬁ(ﬂf:\@dn Wheﬁ: dhahedls afe.illiminated thﬂohgﬁ Efrﬂhbleﬁ)? 1A0he i 1ma e plane 48

PR isot et e S5 R oy o insbiieg Bt Spmre. Bach array

siofifidue opticel €ibks/B0is POsifibn&@Po3mape thg 3plicad deéhgfeﬁﬁﬂtgtdeﬁom an
nding to.a

fron1 | ocati on.corresp
Sl EraaRneT, EfTikndtin Tuaagio oy esionerlandhe beskdetission location
O rmlfbﬁaﬂu@rbg]itﬁjes I-Hﬁﬁn@lﬁ&\l@ﬂ ;drﬁl@é'fﬁb&s ok RmkEPAb&s are appropriate here

lﬁg@’élﬁﬁ?@?ﬁh% t@%Sgp%ge(g}na ht detectors such as

phot odi ode arrays or
others 25 known to those skilled in the art of optlcs

aI be det ect. t he opt cal nal s
Comver tFERER DAL SBPEEAT SHPAGE R 6S Sybav i fprddectipg ptical
f :slbe&feﬁ ado0Me g be arl’gleblf @Qﬁhbﬁolﬂ fﬂhtthl@ |eﬁ?3holiﬁnéd1!ean optical extenciton
strat.e ann oca inthe, s ane as
t el el aBam A PosHRRe b s PELCARIeL AR 10 prith

t lﬂlﬁe@ﬁarﬁmsiﬁﬁiﬂg&‘oﬂab‘ﬁﬂ snnnﬂcmd tTH dpticheA& citah wmmhbn%a detector
Egr channel.s I% front .0 the pl ane of

PAOTREATIN ObVhishs fhavpra F ﬁéBoffs 3 mechapicalnagt with
C B&Oﬂﬁﬁiron HHagidted hbles AEVEd & D& SEHEH bF E:sé/th@thiHnE’dbn thickness 63d,

opt i cal ctor system 80 used for ervjn
ang F&ﬂcgg g‘i’%‘ﬁﬂm@ o FesicRs 3510 ﬂ%m& ﬂm%es Wi C glaamlcsaacmg A
d(higﬂ?ﬂﬁm{erﬁbﬂsd}ﬁi’mf@ﬁlﬁér% is fﬂﬁcédﬁﬁid&@ﬁ halelb TH@) 8n RdyP0f fibers 61,

SN TR PrcRapa A ampE el S ABsfer biilgesatro with

C ltaanfitedr holéf63b hedned mfdabllh Hole. This Féohﬂﬂ&tmg&o}%enetrates the ribbon
2005/ 01732 /USZ 04/ 02646%1f tical colum o

c GPIKERT 8P| 8210y lightip ngssd C}#‘égél?*ﬁjcqhé‘@éﬂél}%lv%% ﬁmand into the

Ihemr 6$hpd“sitmn|ea ﬁ%ﬂé éaltghﬁ(%laﬁlggfe‘vléhaﬁn Td %‘dk@th?s subBkt&A W ork, the
ave_t enbodi hen 0 ens and grati

s psident ﬁ%ht%gﬁgterqeﬁtsg%@@@ e apghagpgleat gmephds 3Wh and the

Obpti& §xtﬁ{¢ﬁoﬁ defekfich S8Bch GIM§ md¥BtedSdifebil¢ bRAE thlinBid¥R 1&ht vector

field of v he Chl xcess of the Size of the

d&t%e 8t TS f‘e@ﬁ ]0% %g{qeﬁéo %@%éhté ag phavAeb s thgpesition of the

| kibbo. MBeeshettirdordhe Qd)lﬁﬂlﬁht@ﬁnustl% 1hté§cés%9ﬁleoipéﬂﬁre4)§the pinhole

there%s plfﬁ%fdapl ate 480 hol ding six array 0,

49
i 52 fhak urpnaied weidgntlightall Rt gielight thet cwo@ms the pinhole may be

0 Atesad lrf thB €ibsr 4%hé EndOStht LANLHaloP ?ﬁ@@&lﬁnﬁlﬁﬁ)r ﬁ@élf i%%hosen to be
ectra emtted froman _associ ated channel

£ lasgrenp tRdeiget any Stray bight o ether shanngls. ﬁ@aﬁxmlg,sm@ne
| emBbdiffent, the pinhole aperture is 150micron diameter, the columnator is 250micron

diameter, the fiber is 300micron diameter, and the collimator, which is positioned within
2mm of the channel, is Imm long. At the far end of the fiber array 61, each fiber is
attached to a phototube or other optical detector. Optical extinction is often sufficiently

bright to use a photodiode for its detector.
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shows an enbodi nent of the subsystem for detecting
optical scatter at a 90 degree angle or extinction.

I n thi in&]ﬁilﬂih@;&iﬁecoﬁnbﬁﬁﬂ SRdonri @R sibefAntigId) theRaheds the first

e S RPRRLG5 Lo PoR LORES v & mELLSIamel
5 %mdph@ﬁ:sfor hbgsueipki90alegfoétsCatter bPside @aﬁ@f‘ﬁgﬁ%ﬂs dehrsele br particles.

O e B33 5o e g oot
hQilngIlies (4] bﬁdgg}g dtlﬁbrlsgattdi’lng pgﬁg%éger@f Alpsscull it gl ST hteRROR so called
ckness and space cen rs SO0 as
t JOFTHE SGaiet Whichr GRS SeatepRa HBe Almnst fary ardhdirgstign generally as
n ld:IIﬁ%l‘elt@ direc ferintard podilifiehg Bleatls 180 ae@eesl MéA iRA&ht WiBout acquiring
fﬁéf%?négrégﬁﬂg%-flbers 61, 20 wth one fiber per
gﬁ Rehd) PIRUMSI0B P3M sl | er di aneter but
concentrlc vvlth the fiber hole 63c is drilled in each
hol e. Thi tln I enetrates t ri bbo
connecﬁ% HP%EW@ fg§HPU¥%%5A%§CE@@@abﬂmﬁﬁge48&900
C Qhserrattiting aﬁﬂia@l ﬁﬁ%o@l&d sbhd StafeliRvick pRRFuckiz 4pB& Zomﬁ%lth little
in the | arﬁ%er di.anet er shaf.t. TqQ make this subsy

wOF RO 1Pise fromheasdaser thesapisyens: myisratively, P‘F]Ql’&sr(ﬁﬁﬂ“éﬂly pumped

anrdli¢ btatw Blserdb used) @icldie alie @ﬁ}%l@é@eﬁe@ﬂﬁg ah th?—&fferent excitation
opt th%iﬁél on et ection.rib on S pount e

RiaERrg® hedleg € Relormoatioring. h thi ol il geogpize that
angl euitdblclBtht degceamyte usbe i nci dent |ight) as shown

by the position of the ribbon. The aperture of the

col umat or nust be in excess of the aperture of the

pi nhol @liﬁ@ 7tidh@trok9kectiehlof 68¢ siPEti@Ent dfodeﬁﬁl%a{))lhg Rbtics 12 suitable

all of the |light that cr se t he pi nhol.e nma
d RTee ith the RS defep ok pf the dllustatist erpedisignt ke vention. The

Th)@tl@iﬂ IseHBAki0fis dfas@l ih thesx-© RyithOth® 8veérall ldpesi AUt propagation
re ECt any_str gy l.ight from other channels. _For

¢ % PR ok Ssdiedsads Up e BERSRE Tyerefile ekeigh 14 o show

15@9@ tﬁé Béhnﬁﬂs&ﬁﬁh{&ﬁlateﬁ'b@ tROSHARBLPlicd. ST ﬁ&l@éﬁ&ﬁé&@es from a single laser
300m cron_ dianeter, and t

R bt B oS RtoBlse QLR RS i diNALer i arelenigh fltered beam
C Bﬁ&n@lo,w pass bbaddangs fifer 14 el“lfeﬂi’eaﬁr’[ﬂerpf)asﬁ&echfdu%ﬁ fa ﬁrst pair of

arr ach fiper is_ attached phot ot ub

oh l‘f lipatipn kepees’3 hapingdagal é%@gﬂh@mmﬁvm SFtldeneth 250mm,
S Wtﬁélﬁpr@ﬂ‘&de)i a 3}5b§@£ﬂtﬁh réc@ar%ﬁﬁtr—%hﬁﬁ@%@%o Qe fb@ﬁm'tﬁéﬂ passes through
I'n

detector. -9 WO 2005/017969. PCT/ US2004/ 026467
f pdesusmedensy ISkvansiornidergih i EXRyn cibindsipal lens to sharpen the beam

S llh%é a00rhidkdny i B ySé?;HE @Be bRall profile indBR i@ &t RROhe

but 03|t| oned at 90 degrees fromthe incident

wl gust jig 3 lalﬁb%bf?qranc@w@fi ca B Usqdg ibeminatp apinhole array 13

seflp &F seEnt§ &ﬁﬁlo%%bﬁ{elssét%@ﬂn%rf)ﬁ PR, |Sn@ the gmho es are less
parti in the art 'w recogni

d
s thany agP“"rlloiQH%ﬁgnWhﬁ dirpeliaf dhevtasis, the Hemtation of the beam prevents
waste of the light. In an N pinhole chip spaced 500microns on centers it is preferable for

the beam fo be slightly more than 500xN microns along the x-axis and 200 microns
along the y-axis (slightly more than 100microns) in order to minimize wasted laser
power. The columnated and shaped beam then intersects the pinhole array 13 and
becomes N pinhole shaped beams 78 that are spaced to intersect the matching array of

channels 3.
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forward direction generally as close to direct
forward positioning (nearly 180 degrees fromincident)
W t hout acquiring straight through light in the

extinctjo ath. .10 In further enbodi nent thell
sour ce 1 heamshipipg F@F?Pg@é%’ﬁ At Figuregis gty usahleallowjpg @Hmnal stray

| 9ight SitPAdceptablb p6ﬁ@f @Bﬁcfe‘ﬁby of soat ol @Misi&nﬁ@@l@dﬁl‘u@ ﬁes1gn allows
about_ 200 wi th %ﬁgff% 9%{ Q nojse from g[as | a

t dBBuiReeys dhwervatien ok fask (bgrdwidihan T HAEE) ey hpeton ﬁ«;ﬁtter and
PYHReskcertee fioth MmbAY Eharn@ka ohde. Used, which is al so

capabl e of generating all the dlfferent excitation

wavel engt hs needed to performnonitoring. One skilled

i n the Aglreishbws s&séa%hzrsb&diﬁbpmae% 86.BYsedWnl ARLEved Aittor, suitable
source nﬁ% be, used gure iS a cross-section of one

e %’F‘C%‘@&Fﬁ%lﬁ’a BYsigm @éfhedge@t igyentigny Lherhepm gplitter 80

Wlﬁdlu&é%% Lphbeed nfebess & sﬁﬁtt&%%nhﬁdoﬂrﬁﬁg ﬁgl'lt\lﬁam into a plurality of
enbodi nent _of the inventio tical _schematic 1s

dP53HS A ohEsated igpideat Rgammsd %erémsaﬂlrterdfﬁq ad i geflested off an

| ii88crRe 2BABRL1 ARicAQs abding sbitBe dordect BnglEBE hlc%h&@fl’generauy alow
line |eads up to a |ight beam x- %?tprofl | e sketch

t Angledipr thohramen the spEmentae HisoN the ppgiderg beam into an
om}ﬂa of sthiBerDRANY BAS T8S afrh POT @ndliep %ﬁnsl @@@;ftendlxlpwwdpy&rauel to the
Early round profile 700m crons in dianmeter to a
82 tered beam after a | ow pass or band
pass fllter 74. The beam then passes, through a first
pair of cylindrical collimation Ienses 73 haV|n

focal I'BRGEENGHA MATOTRP FURRIISCH 8 HEHPIID BTN @ﬂemechooves
PIPRSkFB Sy, TeSiiRkARlaglcbifptess AnGHbAaIfharrd S8R, AGnatively,

beam t.hen passes through a focusing. lens 71 havin
f dReapnifrpRyiof SEpovseHineda o of remyetienadly meackhiied pegial with an

t RptibAaRishl 4n bRotAG MR Es@Rent thetuhfodn ﬁﬁfhﬁ of é%%v@svi%ﬁﬁ!:d in a plastic
profile in this enbodi nent after. the focusing lens 71

i nateriah which sohee severedhwith anefirctiye eepting to [orfthe amppobgrooves.

pi nhol e array 13 of up to seventy pinhol es/ channel s
at 500m_ cron spacing. Since the pinholes are |less 30
t han abogire Pebewethsrmuglen and orauasguiding e depign pf sughssegmented

t %nloHn Tlﬁtlh&ﬂelﬁﬁbe&h%Zkiﬁ ﬁﬁ?tl@rcﬁﬁﬁéﬁ 5y edbB $t60va83h B the mirror and

In an N pinhole c spaced '500m crons on

SR Elimpatt s palopted 6] & 7 oved gl tp e BgBEwST besi Bda. A sccond

MG R oA AP HNEH BY Sn iRk \?é 28] Fal gro%gg is separated by the
mcrons along the y-axis (sli l'y nore than

1 ERAVErsBAEYS Arfng flaesplitier ﬁwaﬁw amﬁaf saiforay a?ot vidihepssuming
Thai6Rh W&g%@ﬁ%%@%@ gséfﬁg 1.RafcH Wt AEsige g&g e pinhole and

pi nhol e"array 13 and ones N pi nhole ape
78hamgl S%C@gsﬁﬁlféﬁlq@mﬂlcéh%ct the matching array of
channel s 3. -10 WD 2005/ 017969 PCT/ US2004/ 026467

Figure 10 is a table of embodiments of the beam splitter of Figure 8 where lane
spacing L is 500microns and the grooves are fabricated with silicon anisotropic etching
(which has a fixed groove angle e= 54.74 ) The table indicates a suitable mirror
configuration for a selected spot size. For example, a 100micron spot size, is suitable
for pinholes < 100microns, corresponds to a groove spacing A=575microns, groove

inclination G=29.7 degrees and incident angle I=25 degrees.
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i nci dent. .beaminto,an. arr of smaller begns 84. Th
sy S afep s e Bed epeimioty i isard i U system
the incident beam 82. 15 The segmented mrror 83
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u orm ar .0 rqQoves is e, out of conventiqnally .
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(mleﬁﬁ%éz@naw QRBRPTSFI5E0 &2 131 SOTEertiBh the £feohiRgs foaght and an output

| Retha@b 235 Allgsttdteidse fBek opfic pRES. | AeERHingRo bRIIhdtrative embodiment,
sel ect ed .spot, _si ze. For . ex le,, a 100m cron spot . .
s 1% MAge IRIGPSiH| 1HaY ERPIEoTRE-40mp image intensifier,

C BB MR dRille iBthe aAGViEl &&ageﬁz&hﬁaﬂﬁmtaﬂ@a@ic@mfw used.
35 inclination G=29.7 degrees and incident angle 1=25
degrees. - 11

An alternative embodiment to both the beam shaping subsystem 12 and the
fluorescence detection subsystem 17 includes short pass or long pass or wavelength
band pass or band blocking filters to remove stray or spurious source light in the case of
the fluorescence detection system or to remove stray or spurious wavelength

components from the light emitted by the light source 11.
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an enbodi nent of the beam shapi ng subsystem 112

w@iosaived f or use in the optical detector systBOT/UTI04/026467
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35

illustrative beam shapi ng subsystem 112 makes use of
a segnmented mrror 80, such as the segnented mrror of

EI gure &1 altdind@ivel dﬁﬂioillztﬁérﬁ@@f@fdxﬁhct&igpdtﬂ}&ﬂg:rﬁbﬁbﬂoﬁ 15 and 16 is to

e in CS simlar to the beam.sha

o il 28 PP IR s ter HPHOT oS sYe1ets LR Gomnalging those

a'si RatThieiseRbRUsine Both BEthesEs gﬁzﬂb bteChtecttgpidprtional to laser power
ol e ar aslS on. eac mcr fluidic chip rather

t ﬁ'ﬁﬁ’oﬁﬁ\ﬂn e Penmaeisiodt E‘P%‘F ed on the optical

system 10 An alternative enbodi nent to the detectors
for the array of fibers useqd in the_| e pl ane of
Fi gur e 40 élltﬁi%@“fesemt@dﬁfl% &0 g’ﬁ ariayg ef 1 f ﬁr?arg H%q%f‘?”gti theletectors 15, 16
t rﬁtﬁ& 19'1?%6?{&66 @z’toﬁaﬁrayfoltf EBEI% vfiﬁhdup&hd hbfl}ﬁ@&les or avalanche
ensifjer reado e optica | uces

orPhp ‘E°§‘1°dﬁﬁ ega R CHtisaL SptesiorATa Sj‘élgf‘ﬁé ﬂre@aﬁwﬁ?@ags@ze that
balteiiafige 8&tbotoR e d)s@fb‘le Rphé onlgrag thes/ rﬁﬂEllﬂ the(ltghe 1dvemqmrement
[ ntenS|f|pgr) fog ? fIhe fl uoresceng% &n{a %
t & RhesHeRde B SO TP PEEYR obfhespetic ﬁlaa gmbodiments to be

I Risensi fier optical signals to electronlc signal s.

Figure 12 shows a picture of a standard Hamamat su

image intensifier 220 but one skilled in the art wl|
recogn 'K&al"téiﬁiu@réi‘nﬂo@hﬁ&lt% ﬂ@ Beb@¥plitsihighy hs!é@teﬂectlve groove

co onent hi gh spati sol utiq e used in .
Yamagy a%lr%by am@ta%ﬁﬁaﬁw Wﬁt@ﬂnez%ter@bl?g@an‘é@mnal

t GnaRlihg ¥f BRI bfoRmsigtof pPistia Mol ddos/) app@ﬂﬁt&xqftﬁappohshmg or
passing the signal to a photodiode array or oth

sdpHleative coyingct i on device. As shown, the image
intensifier incl udes an input w ndow 221 for the

i mage S|gn enS|t|ve electron emtter, such
1o 0 Tl SeihoRspE OB ey cAioR 168 BRRIAGTERES SRRl ipiched in
p Q?ﬁcﬁﬁ &Pﬂhé Qfﬁéroﬂﬁld\imla%ﬁéisf Whedl 2€F1E@ve beam splitter is used in the

i cation, phosphor screen 224 for converting

t rb@a@ sBapipg ﬁgtlffscﬁ rﬂ.sg musfal?f-’dmaw #shitoghe Pholgsndow 225,
illustrated as a fiber optic plate. Accordlng to an
illustrative enbodi nent, the inage. | nsifier

conpr i sWhie thesmaisstHmnlameaiations vy q séﬁmeﬂ@hamels and

t ReBAnBNRraSKd blirddies And ﬁ@ssﬁm umfé,ﬁnw SEREHA F6oved@h b splitting

SU|tabIe devi ce may, be used.. An_alternative enpodi ment
£ GGt olRRTSd B penfipnsandesjmilansmbodimgnts pan b%@emgned to use

f liHe5ASCHAGIAg U8 bRSdrhO6F chelsy$t em 17 i ncl udes short
pass or long pass or wavel ength band pass or band

bl ocking filters to renbve stray or spurious source

l'ight ign El'?&n&tﬁ%eenﬂfoduﬁéiﬁ té HEANRISRBR dé%tcﬁ&{ élﬁ)@ystem A7 is to add
systemor to renpve stray or_ spurious wavel

c Sagerdndpass difiershefor ghaftarthe ﬁé ers py therjmage gllarfle é%é} §&8) . a
1%00&&0%8%&41&%@@%3@35&4?@9 DA 28AGFidth. Adding 10nm or Snm

bandpass filters will improve the sensitivity and reduce noise in some cases.

The present invention has been described relative to an illustrative embodiment.
Since certain changes may be made in the above constructions without departing from
the scope of the invention, it is intended that all matter contained in the above
description or shown in the accompanying drawings be interpreted as illustrative and not
in a limiting sense.
-13 -



An al ternative enbodinent to the extinction and
scatter detectors 15 and 16 is to add an i ndependent
wO a®en1Pewer nonitor to the systemto use in PCT/US2004/026467
normal i zing those signals. This is useful since both
of those signals are directly proportional to |aser
power so noise on the |laser may distort those

signals,.5,An alternati odi.nment to the arrays .of .
71 bers Thiscidotts EHEStool Bl BRCOUE W e diRipierta B ¥ yPeneric and
r ﬁpbc&iﬁc f@mrhd s af ﬂh&)ﬁrxﬁbﬁtifnh b&:ﬁ'l?]w hé’tgi&galﬁf dlbytateients of the scope of the
phot odi odes .or aval anc - phot odi pdes ,or .ot her
b JRTEpR qenet oo o ERG! FegmeBS it B Fie i aTishGepgaveen.
5 recogni ze that alternative detectors are possible
here as long as they match the light |evel requirenent
10 of the sanples and the formfactor requirenents of
the specific chip enbodinents to be used. An
alternative enbodi nent to the beam splitter m ght use
reflective groove arrays manufactured by
ani sotropically etching crystalline materials or
conventional 15 machining of netal or form ng of
plastic foll owed by appropriate optical polishing or
reflective coating In all enbodinents of this
i nvention the pinhole array is generally matched in
spacing to the mcrofluidic channels. Wen a
reflective beamsplitter is used in the 20 beam
shaping optics it also nust be matched to the
pi nhol es. Wile the sinplest inplenentations use
uniformy arrayed channels and wuniformy, arrayed
pi nhol es and possibly uniformy arrayed grooves in
beam splitting this is not required by the invention
and sim |l ar enbodi nents can be designed to use 25
i rregul ar spacing or patterns of channels An
alternative enbodi nent to the fluorescence detection
subsystem A7 is to add narrow bandpass filters before
or after the fibers in the inmage plane (3-5), (2-8)
a 400micron fiber in that plane will capture a 10nm
bandwi dt h. Addi ng 10nm or 5nm 30 bandpass filters wl|
I nprove the sensitivity and reduce noise in sone
cases. The present invention has been descri bed
relative to an illustrative enbodiment. Since certain
changes may be made in the above constructions w thout
departing from the scope of the invention, it is
intended that all matter contained in the above 35
description or shown in the acconpanyi ng draw ngs be
interpreted as illustrative and not in alimting
sense. -13
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WD 2005/ 017969 PCT/ US2004/ 026467 It is also to be
understood that the following clains are to cover all

w@emwsnimeand specific features of the inventiBCI/US2004/026467
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descri bed herein, and all statenents of the scope of-
the invention which, as a matter of |anguage, m ght
be said to fall therebetween. 5 -14 WO 2005/ 017969
US2004/ 026467 Clains 1 An optical detection
S for observing a mcrofluidic systemthat
contains an 5 array of channels for conveying
of. | ecul es .source

ticles co sin t

P i A oBtisal SrE st R pbSr i 2 nictlliioit Sefity sl contains an
f carafy@f ebamglst foe corivgRinglpatiitiesan nasléaes) torf Rﬂﬁﬁg es,
e_ach piaﬁl!lng(]]l e mat ghed o and.. aﬁiom ated wit
m crof | t sourch forepducipsa ight Beaty of channel's in the
m cr of Iahedbﬂbé‘aylsklﬂi\singl@tﬁt fdr&’@éﬁsu@tﬁe tighteast; ed
det ect or rlbb one,of .optic xt| ction, forwa
Soat s orn Ay pintles, pach BinO phed i aswqtgcﬁw%amroﬂmdw
paﬁlﬁﬁlﬁel s gﬁaﬁﬁ_ﬁclﬁﬁmaairdthé hfmﬁﬁhﬁitlc yysaenla}ne of said

i nhol e and a hi rica ure uorescence
g et ect 1‘?&‘&%"?‘59%#@?" %rlra:}pgﬁg'gr Mo algxtigetion, forward
paschited lagd bide 3atted braiiicel after e 10dht GbanPpabses ﬁﬁ@ﬁ\gﬂ &R of said channels

par.ticle.intersects a|d 15 light beam 2. A system
f ofia QPEfi R @"ﬁ‘%ﬁ@l i nci dent beaminto an array of
smal | era }ﬁglaﬁﬁmahcal epatire |ﬂu6ﬁs§eﬁ5@ﬂét%bt@ﬂrd¢§ivﬁfg éptlcal s1gna1s

g?gr{)@}cpéﬁgla\%g ' tt&%ﬁl& r| g]laag&:{e sa ien g{oar?tlc emtersects said

prighebéanng the array of refl ectlve grooves to an
incident beamat a selected angle. 3. An optical
detection systemfor interrogating a mcrofluidic

S%ﬁt emA sgsteli lf@lgshaﬁmglaf sirife @tidehicheah Mgdsjém?alfﬁ%hﬂtbﬁiaﬁer beams at
that  t articles, .co si_n a. lig
GoreeiElRBaulioR Bing SaRcqt PhoamINer <ormisisam
Shapl ngl@ﬂfdnﬁ%rta@@f%@ﬂd&ﬁv@gﬁo@%seﬁﬁd ve beam splitter

eamln o.a plurality of

for splittin i

subsi diZRayt 1‘%5’?1?”@ eé‘ﬁ% lﬁﬂeﬁFWP%‘?Sﬁ%\%Wéﬂiem beam at a
t GeRBtedhgly. of m cr ofI ui d| c channels in the

m crofluidic system wherein the beam shapi ng, optics

direct each of said plurality of

3. An optical detection system for interrogating a microfluidic system including an
array of microfluidic channels that transport particles, comprising:

a light source for producing a light beam:;

a set of beam shaping optics including a reflective beam splitter for splitting the
light beam into a plurality of subsidiary light beams;

an array of pinholes matched to an array of microfluidic channels in the
microfluidic system, wherein the beam shaping optics direct each of said plurality of

subsidiary light beams through one of said pinholes.

4. An optical detection system for observing microfluidic systems that contain
channels that convey particles or molecules, comprising:
a light source for producing a light beam;

a set of beam shaping optics for focusing the light beam;
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30 subsidiary |ight beans through one of said
pi nhol es. 4. An optical detection system for observing

wor@soiload di c systens that contain channel s tPEI/US2004/026467
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convey particles or nolecules, conprising: a |light
source for producing a light beam 35 a set of beam
shapi nganoptayes p ilﬂfolésaﬁatshe@tottIIIBSmidrmlhdi@Qmﬁhnels TheWdih said set of

2 05/0 7969 PCT/ USZO 67 of
A ipiaE cRUC RS gt begm (gl S8 sy D PERP R o
of bearatié'aﬁmmomﬂﬁnaﬁsd descesribon; hncght beam t hr ough

said arr of | east ,one c

ot act o B BiyRricd] FnSdine BhreiiRgt A98Fof frifuheous interrogation of
fl a@umlqeémmﬁlsﬁi me nfiofoflsidisisytstene aubsiiniltgh$ddg Abtetibn of three
of ., 5 ﬁrﬁ;&ural hannels in the mcrofluidic

syLoEgRe ¥ detection of three

fl uorescence vvavel engt h bands 5. An optical detection
.1h
S%fﬁ;tnﬁg}ér? {)ntgb {;}2(%1 s?ai?a{qo ) s%%y%ns Sit%rg géc gygste%r?snti-lgcl crg)ntaln
C hipfinedd gt co]a@e;’tlpbﬁtlgféb o8 fisleealel Woniprighgei ng a | i ght
beam a t of b(fFH' ﬁ" %Praﬁﬁ?l cs for focusing the
li ght t SQUIRP HH P & P¥8tion with a channel
of the adecoDbdaui sﬂapu@tgmﬁfora‘&dlsﬁlghh@hglﬁtmﬁi cal
aperture ;}P(gorescenc et ect or Lo iﬂ@pt ane _
[t er r GGRIRRR I rommiogtion Wit 2 shanaekahe aniprp bk system; and
m' cr of latigh ﬁuﬁyﬁ& angde lﬂilbfbgcl:eﬁhﬁe demesr fdi?tsﬁﬂﬁltafnb@ﬁs i®rrogation of
BB St e SRR He: ind il w Bysk dpgnsiieras an

thx’phcﬁl@ﬁipﬂi%aﬁ@hﬂemehts that convey particles or
nol ecul es, conprising: one or nore lasers illumnating
an array of spatially extended spots through a 20

mEISS k thad opt&apdétb!ctﬁﬁ@?st@hl foh Sb@ﬁﬂﬁg mi@ofluidsd syRte@tt that contain

alh erture | ens oned to, capture |ight
g 9Py ey PAHSIES aF ey Sf9BWIsMEay of spots at

once; @nspe ﬁid%@lasél@ RidirAinia G &1 SPBNGT Spafiallyes@énded Gp&@ through a
bend: ng%tls from he f| rst lens; a second high
I

XPPE’?% EMRO%0or capturing |ight bent by

t he specfirkethi ﬁﬁuﬁl@ﬁwabemeeélﬁ@emmmol JAPaIr ARt the entire
C%Stured I| B‘i onto a second pinhole array; an inmage

ahipdiyrextnapd ATy of WOISEOBFY pi nhol e array for
det ect iggear samiuicfnydlaﬁentlfbm&elmg%h& Behdin®Ugh: f+dif the first lens;
pi nhol e arr %y
a secon hlgh numencal aperture lens for capturing light bent by the spectral
separation element and imaging the captured light onto a second pinhole array;
an image intensifier behind the second pinhole array for detecting and amplifying
light passing through the pinhole array; and
an array of photodiode detectors for capturing and transducing light from the

image intensifier.

7. The detector of claim 6, further comprising an electronic data acquisition system
coupled to the photodiode detectors to acquire an electronic output from the photodiode

detectors.

8. The detector of claim 6, further comprising a laser band blocking filter disposed
between the array of spots and the image intensifier.
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an array of photodi ode detectors for capturing and
transducing light fromthe inmage intensifier. 30 7.

wab@sdeect or of claim®6, further conprising aPCT/US2004/026467

10

15

el ectronic data acquisition system coupled to the
phot odi ode detectors to acquire an el ectroni c out put
fromthe photodi ode detectors. 35 8. The detector of

cl.ai m furt her .c rising.a,laser, band bl.ocking... .

CoFt or hetplsblid of BB e RhPR R e R Gy RppRus o iflieving low

| fmgasityrdpeiesl shedra havig AR5 60T one millisecond from the spatially
PCT/ US2004/ 026467 9. .The detector of cl ai wher ei n

{ R teaGr R ATy & Pap TR o ppeiireriyh SReoBioTpls

opti cal spectra having a duration of |ess than one

m. | lisecond.fromthe spatially extended plurality of

sgdt s Odtf"&{@/%ﬁ’ﬁﬁmg’ﬁlé%pect ra into electronic

si gnal s light scifice i pegatuiciigla 15ats beam tlesd BiNses ithidlighaan dbgdtt to be
source for producing a |ight beamthat passes through

amMPBPEEt to be nonitored, a lens for capturing the
|'i ght farlens fob eaptingy the dight fomahellight saurde; &t or ,

including a, li. anpl j.f.yi ng.el.enment, far tectin .
| ht & hidiror. Mefuatd he PRy RRE St % ffeefine M signal and
eleatdueitigths ligtalignhl to dihéled@finicspndyst em of cl ai m 10,
wherein the light anplifying el enent conprises an
array of phototubes. 15 12. The optical system of
cliai m Iihe optiedlsiystetld cldi@to, aipteir the tighedrepifying element comprises
conprise? %,@Eltichannel pl ate based i mage
pigpotg

i AEEREY Bied to an array of photodi ode
detectors. -17
12.  The optical system of claim 10, wherein the light amplifying element comprises

a multichannel plate based image intensifier coupled to an array of photodiode detectors.
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