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OPTI CAL ARCHI TECTURES FOR M CROVOLUME LASER- SCANNI NG CYTOVETER Kground
of the Invention Mcrovol une | aser scanning cytonetry (M.SC) #%/e teetfod
for anal yzing the expression of biolodical markers in a biological fluid.
See, e.g., 0.%9.00’#>1a"c2ént Nos. 5,547,849 and 5,556, 764; Dietz etPGH/US99/19374
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July 21, 1999, eal®GELAEICAL A b AR YIIGRO) dMe A sanpl e,
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through a dichroic filter and a long-pass filter to seg?yate out reflected
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schemat i calthen dollette@biRithelmichdbbopesobftrRtivt, dnd e tracésthe bkdifatign Hight with back to
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mrror reflects the incident light into two relay lenses (relay lens 1 (16)
and relay lens 2 (18) that 20 inmage the scan mirror onto the entrance pupi

of th i obj ective 20. This optical configuration
specimmmwmﬂwmﬁ%ﬂm%ngle at the mrror to a specific field pmmmmmmmwﬂwmmhe
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determ ned by the dianmeter of the collinmted beam and the foca] lEB?é‘? of
the objective. Fluorescence sanples placed in a capillary arra&p B 0k
path of the swept excitation beamemt stokes-shifted light. This light is
coll ected by the objective 20 and collimted. This 30 collimted |ight
energes fromthe two relay lenses (16 apd 18) still collinmted and i npi nges
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30 collimated light emerges from the two relay lenses (16 and 18) still collimated and
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then passes through an excitation dichroic filter 12 (most excitation light reflected within



5 this point, the ground state of the fluorophore is essentialﬁ/ E%l)&g&ed
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whi ch” t AB apHeg padigitia] eplmertet isQrder te deternppe pixgl intrasitorplvegfonthescannedof ¢ he
emtted;light in the field of view Used in this way the depth of field and
sensitivity are coupled just as in a line scanner. Furthernore, the full
fiel2dill um Qahérovayamact kraivwreintthoart ﬁnraxbmuangnhﬂ;ti-alnannal mﬁcmmtibn ouheof focus
light is excited and received by.the CCD detector if a CCD s 5 used
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channel . ost v arat e hi fficienc for each
channel cirgtigy i Ehof%. B i 2o RS ool il SE s ARSI os ¢ ake
si gns i gmBidphored.N adterdativel9attie eiasirbbntRM be addogiptioNedinakd figqu@nsy gni fi cant
limtation on the speed wth which data can be acquired. The present
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can acq\ e he instrunents
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used to su sin
scanned swiftly. However a major drawback of the PMT is its low quantum efficiency.

For example, in the red to near infrared region of the electromagnetic spectrum, PMTs



pi xel groupings that collect data sinultaneously froma nunber of different
regi ons of a 20 sanple. Preferred embodi ments of the inventi on1AEEBZ093 pl e
| aser excitation spots in conbination with CCD |light detectors. In sone
enbodi nents, the individual bins are further subdivided to provide spectral
*nformation for each region of the sa nﬁ e. The pixel intensity values for
each bi ha%r@aa@gb%p@ams@o'@@ﬁﬁpthm10%01 @i loss thamencaphotomingers thet immetssanpl e i n
each chﬁ% %: gqg the Invention Two issues typically limt the
speed an senS| I'VI per ornance of prior art systems. Firstly, comonly
used PMI detectors have | ow quantum efficiencies, especially in the red to
near infrared region of the optical spectrum Secondly, these 30 systens
typically scan a focused | aser spot to excite fluorescent em ssion in the
sanple. For high sensitivity and nmeasurenent speed, it is desirable to use
a high power density excitation source. However, beyond certain saturating
power densities (power per unit 19 FEB 2003 WO 001 11024 PCT/ US99/ 19374 6
area of the |aser spot), the excitation source saturates the fluorescent

| abel s, preventing further inprovenent in sensitivity and neasurenent

speed. The preferred enbodi nent of the present invention uses CCD detectors
(instead of PMIs) as non-imaging |light-detecting devices in a confocal
scanning architecture, where 5 an array of |aser spots is scanned across
the sanple, instead of a single spot. Two features of this invention solve
the limtations described above. Firstly, the high power |aser excitation
is divided into nultiple spots, thus reducing the power density in each
spot and mnimzing sensitivity and | aser power limtations due to

fl uorophore saturation. Secondly, the CCD is used in a non-imagi ng node, by
defining nmultiple effective 10 confocal apertures as "binned" regions of

pi xel s on the 2 dinensional surface of the device. Each binned region is
mat ched to an excitation |aser spot which is focused into the sanple. This
architecture retains the controll able depth of field of a PMI-based
confocal spot scanner, but al so takes advantage of the very high quantum
efficiencies available with CCD detectors. 15 Brief Description of the
Drawi ngs Note, that in all the draw ngs, the optical pathways are
illustrated schematically.



Angl es and di nensions are not to scale. 20 FIGURE 1 illustrates a

si ngl e-spot nufti-channel M.SC systemin which nechani cal conft&EEB 2003
apertures and photonultipliers are used. The chief ray of each ray bundle
is traced. Ryvodgkiodsi | | ustrates a 2-channel spectroscopy systgdpigoeydesah a
sanple is scanned with 3 |aser excitation spots, and the resulting em ssion
light is imged onto CCD 25 |ight detectors that have been partitioned into
three confocal bins., The chief ray of eac.h"'ray bundle is traced. FIGURE 3
i|lustrates a 5iposdeptp avedighorpsitizite andhigk measuremendspead; Briedesirable to wsee
rect angul an . 6o ' F ' r S . at | L.on of
three | aserhlélx@v%gﬂsggé{ugcg Skgggﬁglydogérp gﬁ%oﬁé%é%%ggoﬂg\%fnag%ﬁ%t% %1%183 anpl e.

19 FEB 200detivdeh GdRntensity bLuht ertietion Mldursiviniu didnhe inGnsite bf tiedntigediglitl spot ,
mul ti channel .confocal spectroscopy using a single CCD and a .confocal slit
aperture. RAPtionality gplyapphes ) toghe poiat 3t shighthe uoraphopers satinateds 1Akt es
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i |1 ustrat eexst in the exatedleleedoniotbofigiratigre dhereasinpplgses potvenbeyondhhecdataratiomned
CCD col lects.the em. ssion |ight at determned tinmes foll ow, | aser spot
excitati on.p°F}tgeJF§|2‘°é “?qrfﬁgﬁedf’?gs@' gg‘_ﬁ%@m&?g}lwﬁh ﬁB’ﬁF@E‘éI‘S %SBE‘B{‘\?)bscopy
systemin %bﬁ&né&%ﬂh@ﬂo%h&@& tfahavel lQﬁ‘é fudtbiceRiERREL SN £A86rgHARS that
are inmaged over the sangl e at predetermmned tines after |aser spot

u

exci t at i on.fluerepbresgand forguantuna slosuanentystatsa Mheseameloeulegpsaturateatiealativaly spot
scanner,system Detailed,DescrifFtion of.the Preferred Enbodi nents The

pr esent 1¢ 7 Jewbonst %‘?‘8{}1‘38 3%"%‘5%8{55‘85&}1%}‘%?‘%‘8‘&?%’5 HUPRS TR SRSy rjﬁ%e’i h a
nunber of npMediredpdcesdes eANbé @y hEHibRIIasehFIwer! inéludig! phbfddastnRtioh AAges to be
acquired quickly, and/or with tinme-resolution_ of the individual fluorophore

eni ssi ons. Ipt§r§yptemaressinge n sAnyapplicatiohs it indesirablgto aperateatpawarsdansijies

detectors, ' f _pixels on the CCD formbins that are inmged
onto the saypﬁ%&%ﬁ{}eﬁ‘ggﬁ?ﬁﬁﬂng optics. In preferred 20 enbodi nents, each

bi n functions asnattempt Roatreageaht siead withevisiclz ondbcal irfagdes danlbé adquireds t he
width of _the cone of emtted light that is detected, and hence the greater
the binl%j ABicraspepegyaigmshaye, beeacdovploped injvdiich a eongimponsine afipses exgitatige cop
out si de of T I t : ' t LA ame
ey as o el i cayled s BE SAEPRS okt i Rt T R

i nventi on usesdaceddy thy sathipledn eespepsetts the@xsitaiontishenagedpht 28itshapedt aneousl y

in multiple | ocatjons, Emtied |ight fr.omgach spot is inmaged onto a
separate cAPFBES! ingplightys dis "t‘?ﬁg"‘ieﬁﬁéj‘ée ng%{l_ﬁ F&%}H‘P&*PH%S‘B%@ separat e
i mages fr Ormlfﬁ@ﬁhowﬁﬁotéiﬁﬂ%é&e&e ab&ided. hﬂBw@JFﬁlcﬂliié A5 8f fiddSEN dHafgOfn 1Riehn are

i maged onto the sanple at " different times follow ng excitation such that

each bi 30 orresolatianomith &sue depthsofthellin¢ snanwar isinversely prapiomional iethe pymerigall i ng
time-resol Vaep%rtueuo WSS eJQc e WASE aGprE?iggtlsong (r)eqltjxiare 'J‘i‘é’rge depth of field to accurately
image cells in a deep blood suspension. High sensitivity and speed require a high
numerical aperture lens but would result in a prohibitively small depth of field. This
tradeoff ultimately results in limited speed and sensitivity.

25 Given the limitations using a PMT as a light detector, much research is currently
directed towards developing higher efficiency detectors that will allow rapid image
acquisition at below-saturation power densities. One such light detector is the charge
coupled device (CCD). See, e.g., G. Holst, CCD Arrays, Camera and Displays, 2d Ed.,
JCD Publishing and SPIE Optical Engineering Press 1998. The CCD consists of an

30 interlinked array of sensitive photodetectors, each of which can have a quantum efficiency
of greater than 80%. Despite their high efficiency, CCDs are not ideal for use in the

MLSC context. One reason is that the CCD is usually employed as an imaging device in



30 The advantage of using CCD bins as confocal apertures is th
re-configuration of the instrument is perforned sinply by chan@?rﬂf—ﬂ gao3; ze
and position of the bins on the CCD, rather than by any mechani cal
operation. THEOQYMPt age of using nultiple spots is that 19 PRERISQOBTVO
00l 11024 PCT/ US99119374 8 | ower | aser power |s present at each spot in
conparison to a single spot system The |o | aser power density m nim zes

fl uorophore I t nt ai . by.
Si mul ¢ ancous e ek AR i BoxEal e O ﬁgc*lﬁﬁzese@ TR PR s in ot o
that in allthelfieldesfboei. n‘éhéd;mtthatwefyahé detith bhfeldahd eeliitping ardSdupledEakedsiign of

5 the mstan} i nventi n re descrh‘ﬁed in the context of MLSC. Those of
skill in th®1BFiCaHR9T %‘?‘?E%tﬁ’é? Jid, Hlumipation and colection arcans a subssantiahent s

of the inveghoan oafﬁfué@imgm bR AR d%ﬁ%fog/m{e 1%&&9%8} rgYe%RPL'c%’rS‘ on.

i ncl udi ng m croscopy applications. tor 8scencte
i magi ng appesedar nenimagingsode hecbmhxtmtmnsm&rmscagnalylasﬂerﬁp@tamdlaq)xﬂmé| ed to

| i ght detect d h bl d
el ude: 10Nl eEauieB i e s diaR st R oRus R bl pblemipre rErghae.
scattering PBirellyMvies fspldchig PMITs Mﬂdhtccw)ﬁfdr@ﬁﬁntaﬁp&ﬁs A ch3hleP ImFdest €M W th

bi nned CCD |i ~~ht detection In one enbodi nent of the i1nvention,~a |aser
exci tation %&mtl%l,%@ﬁmé%w €€D lﬁtr@qlmnd fe aclll el}annél Beeroest dfipravidingiaceparaeh as
a Damann grg I rating devices nmay be used,
such as a m gécﬁégl g(rt;(gﬁtf%rrcg H FI?EBIQF agﬂﬁg eatl tPnt e SO8LO gfhe lgstpgpent nited to

t he use 16f Moi‘doweraC(HJsr take signifip&itly 18fkér tRreadl BﬂtcththPM’Fst thefeb ?‘Wac‘iﬂé@ns' onal
array of spats Th:l}s could allow a greater area of a CCD deféctor  area to

be used andS'eHficant fimitatian op Mecipeedwith srhishrdata cartigeacqeingsbdi ment s of t he
devi ce m ght not Us?hé‘?l% R ifefifior ﬁ%ﬁﬁctgg?&ua‘?&%{%&%@' #J)'gl}feg rggsgggrgg 2 nggqer a

| aser di ode array, y omtting erequire

gener at or dpeticascofihwhivhwan eciretdat viidagreatsr speed etin palok brt spdiénts.| ThSes, onto
the center of the SCE@I’II n\?e m nor eV| ce, %uch as a gal vanoneter. O her
embodi ment sIETUPHUS Her fana $°n‘2f’l ysge Qrﬁ@lt’u@éoléi?d werrementsrfief | ection

met hods ISSUﬁlﬁbrﬂﬁid?é’E’xﬁlsLsibﬁ| qHE metttds A& iR Rhmbhtd] f {n%nn&x Bld ﬁ{l §Ehiy C

scanner, polygonal mrrors, 25 acousto- OptIC or S 0gorrs.
the pr esenta thinwelere spdwosnoarc datnfremn achmpleds mhwadlohﬁtxefemeﬂ in turn

maged by a C l enses in t he entrance of a
Imc?osco%p/e or%? é?lg%%ﬁ' §§ dB‘é‘é‘r’I‘f‘%ﬂté a@t?lFén‘teﬁﬂ%n ?’Gd‘lﬁ%g’ug‘@Sﬁe obj ecti ve
into an array OfTEdOmt/éntidﬁ usBeCCDS 3h whllchHenrfe Ishx‘s’ed#?ﬂs%ﬁ&xivi’d%ac?@ﬁ Céiggrrprfe s

the array scans and excites a separate region of a sanmple, W
noved at coPi¥e aaﬁt)um@gsabattgwllmt@in@ simultaneoesiBfromra hogmaf differ¢tteediaseof & pot

scan axiyg s .em s col ]l ected by
t he obj ect iV @“HJ% %‘Z&@%{%%@EQ@; roug quhe ‘aYeé'#fP?sPEe %Pft’tpger ls""é‘?ﬁ(’fxf‘éaqc’r’?'efﬁgﬁ Bnto the
surface of eonmﬁhmhatvam GCDX higtit dbasmﬁem s&h€ embadinfeats! theGhdividad] biRs ared bi n
of pixels olzur&lhe .. . . .

er subdivided to provide spectral information for each region of the sample. The

pixel intensity values for each bin are assembled by computer to give seamless images of
the sample in each channel.

25

Summary of the Invention
Two issues typically limit the speed and sensitivity performance of prior art

systems. Firstly, commonly used PMT detectors have low quantum efficiencies,
especially in the red to near infrared region of the optical spectrum. Secondly, these

30 systems typically scan a focused laser spot to excite fluorescent emission in the sample.
For high sensitivity and measurement speed, it is desirable to use a high power density

excitation source. However, beyond certain saturating power densities (power per unit



19 FEB 2003 9 desired size. Emtted light that inpinges the CCD outside of
the bin is not detected; hence the bin functions as a confocal TRFEB20@3 i n
whi ch the confocal depth of focus can be controlled sinply by changing the
bi n di mensi ojg) oo l{igs 97 €ater the area of the bin, the greater FE‘F/UQ%%EMO‘C
focus. The nmufti-spot system can be used for nultichannel inmagrng by
dividing the fluorescent em ssion into individual wavel engt hs--using, for
exanpl e, dichroic filters-and then directifig each conponent wavel ength to a
separ at e Caivaséthedaser spdt)) thdexsitetidroshurensaturates itfef fhroeescerfCibelss preventirfoor each

channel , buyt .the bin configuration for each CCDis identical. The CCDs are
peri odi cal EURPIYImeTH “%g‘?ﬂ,SHPV(SWf“panFWESPSF per 10 registration of

the individual g¢aé pleférf@iGRbodilRBatf thd'pes&iTHRRhIBMiseR COD d83cBrsillstdag Bannel
MLSC i nstrunment in which the confocal depth of focus is conputercontrolled
(by changi RYlTs)es nominagies lightrdetectingtdewices aancanédcabscanuing aichite¢tyrecwhereol | ed

(by changing_the size of a confocal aperture).. Fl 2 i1l ustrat one
erbodi ment S rrarel e shvs B AR Rs AR L ipdtada = el el TPk ToarhlS
gener at ed, of heinv&ftioaGbRe thé limitatienddsatibedubadve NFigdtly, Biethigipp@iadriaepnet er
scan mrror. (In this figure 3 spots are chosen to iflustrate the invention

for convenk¥gitagon idividad infe sauliiple gpess) this radueing thesparveer densitytin sachi spet ades
any syste i anr. 3 - I i j light 11

o v e byt a2 B eV, 00a8R Qb ARACs e 1d pGEhGrE kg T 12
mul tipl e b&acordy)eeaCCDds apdd in axbn-igeipdiginbdy by kefiging andtiplex€fettate on spot s.
The 20 three aﬁer excitation spots are.then passed through a lens 56 and
an exci tht copfogal @RsryiTes a5 bippeds regionsrofRixelsionihe dmepsprptsidpceatdbti ng
mrror 60. dI%@e.ng?c'BrHiﬁlﬂzdergibﬁ il Hx%ﬂ:h@@&?aﬁ %[c%ﬁl&h fa?ér%}S?t' whick ¥ d(%&:steﬁ iﬁtﬁe
entrance pupi|l of a mcrosCope objective 64, and are focussed onto the
sanpl e 66 (lscampbd Thistaychiteetipe gedins thei conirolable déyith bf Hehdtoie PMTifblased( t hr ee
eni ssi on rax;l)@ ils col | ecteéj b}/ t&e m'croscg&e ob%ygc ive 64, @nd retraces
the path ofoBEcql§Rotscanner, bus alsg jakes afyaniagePrithev vantum ¢RicleB@les g
em ssi on | ixgfilabRassE e aQEab st he excitation dichroic 58, a focus |ens 68

and a long-pass filter 70, and is separated into two wavel ength portions by
an emi sBion dichroic filter 72. The two portions are then i naged by a focus

| ens onto separate CCDs, (CCD 14?#@%% %ﬂ gﬂfe@i wWherein each CCD i s
partitioned into three confocal =01 » tic illustration
of a 512 x 64 piNc¢, thdl ialPtstedracings, the dbptits (Efjmwa' § hrenpaktiafddschéth&teally.
rectangul ar confocal bins is provided in FI GURE 3. 19 FEB 2003 10 In
preferred d¥igdrsianddimensions arg petde sedle.ay of | aser spots 82 excites emission
fromthe sanple 66. The scanning mrror device 60 rotates scanning the

| aser spots in the direction that is parallel to the Iine defined by the
array o20spots. FIGERBI illustrass adifglesidt mmitichaaehML8E sysene howkichsuch t hat
each spot scaps .acros | ength of the sample that js.5 roxi jately the
same | engt ARgEay °8P§’Pglrﬂf\§“g@ts\ﬁ€@ﬁh?tﬁ€‘@@’ce§ M?Héeig%ﬁl':g%%a)frﬁ%ﬂﬁé%’ong
the orthogqpalledsirsed4 to the laser spot scan axis. This is illustrated

schematically in FIGURE 4A, where three spots scan in the vertical axis and
the sanpl e i s nmFIGURIDLE illustriates lay2-chdanelspettinscop sysiemeinsguch asample is r aces a

sawm oot h pattern 86. t he. spot array, .S scanned .across, t.he sanpl t he
scanni ng mSF?‘BPQaVé@’i 3c@§erteﬁ‘51 e Sa%c} efﬁs"gté‘}% DYt l§htr‘%§8a$§ to.n%rﬁéD
timng of t1%h$ détectors kit haPe bédn pittifeHedrinioBiee hEfoBAbs. SThehidf ra6f e n

di mensi on. ternatively (FIGURE 4B), the three spots 82 are arrayed

ot hogonal tféYbWéﬂ%mﬁﬂcéX-rmverrent 84. The spots are scanned 86 across the
conpl ete sanpl e ] r it he
noxt. apot . the SAGHREF NERGSRRI2CBFRER OLD PRkl BEN AR ok C
agai n at t hectpigidreoaforhiofinposi ti on of the |ast spot. 15 As the scan
proceeds, each |aser spot generates a 2-D imgge that is acquired gl\{?the

correspondi ng biHGHRE Adllestiatesdherelative motion okdlyss lasergrciiaion spob asdher@f do
not ove@ba@ca&{ed%\égéﬂlgv%ls&n@#_ghtIy. When the scan is conplete, the
e joln

i ndi vi dual 1 rmages can toget her by a conputer to provide a single
seanl ess i nmage.




Any nunber of spots can be used in the instant invention. The advant age of
using 20 multiple spots is that |ower |aser power density is &

each spot, mnimzing fluorophore saturation. For exanple, each spot in a
10 spot array has 1 / 10 h the power density of the laser spot in a single
spot systemusing | aser sources of equal power. However, each spot dwells
10 tinmes | onBEFURR Satlyistraegs ane eatbotlingens foripeefothiaR nilgspolt,ighléickdatl system so
that the total photon flux per inmage pixel is the sane. Since all 10 spots
25 are e90dP¢adaPCEHAsSORY 8eingd SingloGl) and|a confacal Yit apertiran The phiefigy of sanpl e

Is the b Dukdid ReLacE@se- However, by using CCDs as |ight detectors,
signifi ?:ag:%a}éﬁ%an%:engﬁts' in sensitivity result. A CCD can have at |east 3

ti mes great eFIGURRBtUusifatescsichematicaly a 625/pixetsor 488visikels €¥01Y 1ightl deveetor

exci tation wer depsity_ ca ive a significant increase in sensitivity due
to tHe %bh%%?&%cmﬁ%‘é‘?qﬁffoéf‘%o%Pt %ﬁ@f’b‘i"g@étsp%‘tai ehnaels ot her nonl i near
process exci URA-7 iffstHidtSa tithbe i 't? : I on can be
6 to 10 ti neigﬁnore slenSS| t ven%1 g%s%uegicﬁg@%aéé%ﬁwyss gt'%ng‘g{eﬁfqg%i ng at the
sanme schinnep€EEM. collects thenemissior tighteat pradeterined dimeb éoltvwihgidsedspoo shorten the
scan tinme, so a multispot systemcan yield conparabl e i nages 19 FEB 2003
10a to %"%‘PH@‘F-e spot system but in significantly less tine. Alternatively,
the mul ti spofciTRERYBLER iRPSLRl &R ﬁ%’?’ Lihe single
spot system Ibut Wi IlI %e ab é tosge‘?g?%nfg%ﬁgél OI’ISI 3%5‘?@”‘%‘?@}‘%‘& a

convént muoitille piicakfibers ectsi cbnfoyaltapenturesithdt arotimelgtdanver tte shimpte can rate. An
even further a%v(igta e,of using | aw | aser power densities is that it 19

FEB 200Bre¢@sermingd Hoyes e/ 10565 sR0I 63412108 4| | ows the use of fl uorophores t hat
saturate at PRYPRE®illMGtaed RUeRRARRILY 908 bhiLBRmitHEspRE sdaRREAFRER.

fl uorophores or quantum dot nanocrystals with long ém ssion fine constants.
The limt on the nunber of spots is determ ned by the required axial
response of the syste n spots that can
be tol erated. The noré =Y Tre ar ray. <ti or e sel y spaced are

t he 1gonf ocal Thé peseand idvieatiéihrovies spectrbsddp aretiods Rh®RRirhmen@tiod Rithian si ze
and so w Il be effectively reduced. Furthernore, the closer bins means

| i ght reyebered npye) pptead cpnfigwiptionsithgsiaHew ngtehaandtimegesfotbermaquired r educi ng

system Lt LW Tk Loty €04 | t ] nor e
t han onél?lg%l t%ndléér)é’?lglr Q@F?Ei%ﬁg%‘ va\ﬁ/ﬁ lggfé’?(ﬁlgl ﬁ%}gﬁ&%%g%&’(ﬁs%% %r?gegaéﬁd nor e
pr ef er abhpodigiensethe nventor Gsed QDI lipht J&tEtbisn®hésinGRohmscsflpiapesd thees is a

subst anti al advance due.,to the rel ative . )
CCD form bins that are imaged onto the sample by the scanning optics. In preferred

{0 10oaimen

20 embodiments, each bin functions as a confocal aperture. The size of the bin determines
the width of the cone of emitted light that is detected, and hence the greater the bin size,
the greater the depth of field. Light that falls on the CCD outside of the bin is not
detected. Hence, each bin functions in the same way as a mechanical confocal aperture.
In preferred embodiments, the invention uses an array of laser spots to scan the sample

25 simultaneously in multiple locations. Emitted light from each spot is imaged onto a
separate confocal CCD bin, and the image is built by fusing the separate images from each
spot together. In other embodiments, a series of bins are imaged onto the sample at
different times following excitation such that each bin on the CCD represents a different
emission time, thereby enabling time-resolved fluorescence measurements to be made.

30 The advantage of using CCD bins as confocal apertures is that re-configuration of the
instrument is performed simply by changing the size and position of the bins on the CCD,

rather than by any mechanical operation. The advantage of using multiple spots is that



sinplicity of changing the dinmensions of the confocal depth of fleld
Mechani cal confocal apertures in focused |light systens are tyﬂlgc ﬂm y
several ~min dianmeter, and so require sophisticated and preci se nechani cal
systens to q@pbd/Plo2d he aperture size. By 15 contrast, a CCD bgﬁ,g%g,lgq‘,
changed sinply by reconfiguring the CCD array using a conputer. e use of
‘a CCDin MLSCis a significant inprovenent over prior art MSC instrunents
that use PMT for |light detection. The biol®gical fluids that are assayed by
MLSC aut o- fowgolaserpowerds preser s eadh spot incatrtparisentoiatsatglospat syptdm. THedowsre of
f I uor ophor 20 that are excited b ed || s the,633nml.ine from
. Hene’ | asErg: PP Aot BlRiskS Apiheha e tions ST el Seled LRI e f or rac
i n whol e binaRehinddoWeafultafdiSiyhdiecting %@aﬁmﬁbﬁfﬁfohpmmﬁﬂe &Icnht?o'ilsspbﬁan 10%in
the red portion of the el ectromagnetlc spectrum | eading to poor

sensitivity whelNotchghmsin alhthe@;mmdgseras that dlow, Bie raethodseand instmumentajipe of of
CCDs h i f f
e 0 BTl 5o MR PSRl B0 RV,

| ower dat aufideediandl howet &, thatthe Pﬁ@iﬁodsl dndanSungng ¢TIU6Y inventfhediO 8SERGE Anyd

sanple and the emtted |ight inaged onto a CCD, the CCD woul d have to be
read out sHYGHEAKCPRY PYCYtomely application) wclyding microseony appligationpy Incadditionst | t he

mul ti spot y 30
o s oA SNRI AR ok BILARY SO Ty Bnfe DA BRSARLY 30
system pr Oa'pplred t@lataayflxght Sdattpd dettctionnédes. Exmgplesds mh possibsld nvdes @ukedé:,

wher eas a sy tem provi des data for ust a single er at each
r ead- od® els}@h‘ escy e hosphercaeAnce.diygnan scaderpegRatygighvienitnsing pog

PCT/ US99/ 1%%“&% system of the instant invention allows the benef its of
enhanced sensitivity provided by the CCD to be achieved while m nimzing
the problens associated with the |ow data read out rate of CCDs. CCDs with
hi gher reag W | lxt' |keI ef ut ure. Using such

i mproved Ce8 19heed of the 5

i nstruments andlm&aﬁsoafnehh@f th@%@ﬂﬁoﬁ &\4@;& bpditau&}l%@ans MedondriedQhtotale

enbodi ments of the present invention can use conventional PMIs as the |ight
det ect oiSs, amay piEbeamsahy a@dexice such asosBamatroghating tAdtereativelyn pthenspot gensfatingl

devices may be used, such as a microlens array or a fiber bundle. The system is not

limited to the use of a linear array of spots and can function with a two dimensional array
of spots. This could allow a greater area of a CCD detector area to be used and thus
enhance readout performance. Other embodiments of the device might not use a single

20 laser beam excitation source, but rather a laser diode array, thereby omitting the
requirement for a separate beam generator device. The source of the beam is imaged, with
relay lenses, onto the center of the scanning mirror device, such as a galvanometer. Other
embodiments of the present device include the use of other beam deflection methods.
Such methods include, but are not limited to, a piezoelectric scanner, polygonal mirrors,

25 acousto-optic deflectors, and hologons. In the present embodiment, the scan center of the
galvanometer is in turn imaged by a second set of relay lenses into the entrance pupil of a
microscope objective. The laser beam array is thus focused by the objective into an array
of spots in the focal plane of the objective. Each spot in the array scans and excites a
separate region of a sample, which sample is moved at constant velocity along the axis

30 orthogonal to the laser spot scan axis. Fluorescent light that is emitted by the sample is
collected by the objective lens, passes through a dichroic filter and is imaged onto the

surface of a CCD detector that has been electronically divided into a bin of pixels of the



apertures are required to give the required rejection of out of focus
fluoroescence. The apertures would be arranged in a pattern i dSKEBA003,
the | aser spot array. 10 Multiple | aser spot excitation systemwth
spectral analysis on a single CCD In certain enbodinments, a single CCD is
used for multichannel imaging of a sange. In these enbodi nents, a |ine of

| aser spadiredisies Batinablight eliat ihpingeiht ©CRBGts@BOF tRDih isd dbecled®@ac as
descri bed above, onto a lLine of confocal apertures. The |ayout 15 of the

array ofhedpfungiens asarconfosplanerfure inydiieh the confocalidenth offfogussan bepot s, such
that th j | : : i t
apor t ur Sy el Sl B Ladd R GREMh 0 BRERE IR L A A e O T
may be prawethetdepthugfifocissper sal optics that spread out the conponent

wavel engt hs. Suitabl e wavel ength di stper Si ncg optics .include, but are not
limfed to, SBRBMMESRRtSYSiERSan hepesgriapmulichanieheagingby Ayidingthet r ansni ssi on
grating | ; hcu vel t directed
mechant DupRioeBl erifipn o FEUN bl BRERHS e MBS, BRRFARINESS |

di sper samhthpn dieatingwath eampdrenPehvdlenghi tocasepiatenTCDrdetdotopLhthidhie use of a

resonant géae\ti nfq fi‘tlgt er. Electrqg-optic nmethods to, sel ect wavel engt hs
i ncl udecmhedi ditferent (f1d 45 wsed oy ¢ach Ghansel bt the bin epntigneation fersarck

resonan g i fera i j (G i . rture onto
L sopar SCB Bubdiical, MRICCDS e BeABEEAT rad@ bR sPchory TR BRE L 2

t hr dOghregisttatiapef thaimlividusdpetirimhes: Hehegdhialembgdinteat powigleaxi s of a single

rectangl e, . Each ct angul ar r.egi.qQ n the single i.s subdivided into
bi ns al BRY Ef”%nq_l mgé(g%}%gu%mtlﬂg@‘ah@’ﬁ cgp cﬁldiép@&fgg‘g‘sdf FIBPYAT wavel engt h
of the shfiradd kbp&hnéﬁg&h@%iamh&si&ﬁy, réme;qlhaﬂ béihg'g{e@ﬁeﬁﬁ&tllg-l hitGiiden. each

rectangl e can b€ subdivided into 4 spectral bins ong It ong axis.
Hence, €unothagging dietsizecpflaznonfasgl aperture)t he CCD can essential ly perform

spectral analysis of the light emtted in response to excitation by a

particular s . FEB 2003 13 .1 n ef.erred syst for this

Erbodt ment, - RAURE 2 Rutirges s spibtiort o ifienGn BT laiiea® ™R ot ¢ e
em tisedspdtgire gehératel NhersRMeted oS anBReRalicAichraic Dnfd Lalv&fonddeisbar "slit”
confocal aperture that is parallel to the line of |aser spots. The enmtted
|i ght t memonp{Ensthis fignre 3 gpets aresthosyyiojiblustiatrethe ipsptiorafor porysnienge sakeh eni tt ed
l'ight b ' ' c . IS ' ISl i's

or { nogon et B op byt BRBPRER v IAREK ARy et Mt lle SASRRGPLL ) 7

al so i nepe&ifidudlycexviatientightd ¥ previdgddisy 4 lasen 30aisipassed thrioagh & pastr I flted
separate_rectangul ar CCD regjon, wherein the |ong axis, of each ngD

rect angPeap aﬂ‘&‘?téﬂl? &?anﬂ generating,qptic M ogrgerhing Hree, Rser cxpitation spafst ilde spr ead

the 29 3} ORscHRRbitgtCRIFAGHRMLY pashdPit QIR At SeUnd AR FOBRYe | S

orthogonal to t ong axis o aperture. Each rectangul ar
regi on amsd aelveflecieddyy aagabvaponteter|scampirganararéo Thpscannalg dpotsshenupdss t hat each

of the ectra i NS lects a different .wavel ength.of Jlight resultin
£t om ¢ nirarEelaydrisgs 6losft bRohehpuf BE niciBcons BNt anSie: ogt ons. of
the CCDrdcubselioffd the sa%n,?e@e Rétansdd hicCBO bREH! EARGNdNght HohPibeQ8mbR t he
opposite dinmension to the nechanical "slit" aperture. As a result, the

final ithrpe emissiamirppads collecisdibly the mimrascons objTetivedidpand rstraesdhepatBof n t hi s

b rtant xR GyfofbboR i tode SRR ARGRY, MR o e Battblfrudt B o e

i |1 ust r gtation RARi¢ 58l fscurens68adi Aeng-pass filter 70 Sdrdtis sdprrdted @tagwd a

concave grating for wavelength dispersal. In this illustration, |aser |ight

11 genewa’e’@eﬂgig pprioas by an prussivaglichreis filigy 2. Thedwo portionsarq en gpagedq

refl ect [ i - ] - i ee | aser

o oL R4 SRRl €T P ARAR.TS 2 i Gref ] o coBy
partitioned into three confocal bins 78 and 80 . A schematic illustration of a 512 x 64 pixel

30 CCD detector that is partitioned into three rectangular confocal bins is provided in
FIGURE 3.



relay lens 1 (90) and 2 (92) to a dichroic filter 94, which dichroic
reflects the | aser spots on a scanning gal vanoneter mrror 60.19|'ﬁng%Q)Q%
are then passed by galvo relay lens 1 (96) and 2 (98) to mrror 2 (100), so
they re-converge at the entrance pupil of the m croscope objective 64. The
obj ective focuses the spots onto the sagple 102 and the 25 light emtted

from the threm mpRied embodinieat) 8@ Iigar ditry@Tjlaet ipots excitdh@nBiios Soan | i ght
rays re-trace, the path of the |aser SEOtS to the dichroic filter 94 . The

em ssi othesagRle §a sescapying mpTerdevise SHrelates seapningtbellaser sppts ingrt ure | ens
104 whi g; L I T. d,lq ght passes
t hr ough&ge t@ﬁ%i@é@ﬁ" !ttcg{rﬁe i@% d Egﬁﬂ};h%ﬁgﬁﬁi éﬁ%ﬁ)tsa ?ger];ogaggﬁﬁls eﬂagtc'li&pnert ure
108 t hadf éash apoteis tiostemiudh thiteatlosit soans acosd MRngthidf thadaalpleihatie t he 30
vertical axis. Em ssion |ight rays that pass through the slit aperture then
fal | SonanprexAwiale thesame hepeih e the distange pergen therspotspdhe samplevameyehgt hs ont o

{nto. miongiheckthogbihl dk 4o Wi b e RIS By BTGl B hohicalig yf o o2
Thus, tREGUREI4Z2gntele thrdesspofs starein@RbDvatioal iadizand pecdandle ik Idovedf or mati on 116.

The spot scan directi o}r; izqt,depi cted, about each emtted |light ray, and the
ver t i cahotigontallyy {ange dhestelativg spotnofiandracgha savgoothipatiers$6. sAathedippect i on i s

depicte : . jor i i.s depicted by
51 gl s esilyl abroR e Mk SRR SiBmRR AR RAR MBI 48 FeRe 6

i |1 uét r peraslicatifeest outalhy timig2d thisxeddsout op&@tipn detbsnifgdht piyet sideinect or t hat
has been configured f a Q {th 4 spectral channels. The CCD
is divi &??rh@‘g“eﬁs‘f)@c?\i\tﬁﬁmléég %Ee@il% ?_Eér\r%c ﬂ%’rﬁpfb*gﬁ@ﬁe pgagqu]pcqgoaglq into 4
spect r aly ik Ymplesndveneh@ETIR spbli&ird Maha QIS Pdcréesithe ﬁimﬁl@ﬂe%a&g‘g g ovi des
spectral 1nformation, and the vertical S axis provides spati I nformation
when us®thenone spdfireacheothe wiartrscan pexnitioncefl thy next ispots thd saropleds stiuttddd g0 apert ure.
The hei ght ,of. each rectangl.e i n.Fl QJRE 6. can _be adjusted.to vary the

cont ocaltet (RSARE {HRERAISE i RrTRS Birviars SiopoSHbt B Ftd seln  or thi s
appliscat i oRsitle $dag pRicdeds]each@ager EoR ediraed ¥ DI ﬁﬂzge‘l‘ﬁatQ§§&{uiix’@§ﬂy apove,
previous attenpts to use line illumnation in M.SC have not 10 yiel ded the
desi r edcasprspending biged sha CCDrdetactqsr de images s each spét aither donetravetlapn of

vent 1 BEVsPHBALCMenR b Byt RRRETAETRG fenla Fufues B PREMEE:  at s on

l'i ght Owgéthéﬂby'iﬁeambatégﬁrprbﬁd@aaingimhlﬁleﬁpﬁﬁag\éd”li | e mai ntaining the depth of
field and axial response of a single flying spot confocal |aser scanner.

This i s accofwpynyRber ehspotsican bausadig thevasianiipyentigny Fhe advapiaggHf using spot s
of Ci ! ' r ' ' ight- . and b sing a
G2t ARSI Rid RDG ladcf B0 @ SR RBlEed bdutipol FImZHE, ) 251 on
spot . THisrophdredatueationi Fondxamphe ehenspoain a/1Gspop heay hasali10*hihe @oiveri ment

above in which . a.,ine of pinhole apertures js used. angi ng the size and
oD e ety 6F u tegef Sl in £ HRER. sBo P Elom st e SP ol CHANBWG he o1 20 of
a seri efoRkv&OBRAPbI ALY 19TRhdsTbnddr mmﬁegfan%@ﬁ{etsuﬁﬁe thd Hsirfdld S

enbodi ment retains the true two-di mensi onal’ confocal ity of the pinhole
aper t ur spoasystemesst thatdhe totel ipboteh Sixpes nagsipixgel idtbe santiaBincahll $0 spits ci ty of

t he confocal. slit chit.ecture. A diti.on advant age of perf.orm ng

spodor ateRgighang BRERIR BB oiloBieah apedos TSR BBe SmER HEM ne oo
bi nni ngcdse, HovevBE &Y usihg mqmllgém 6&Bctos, sipificalt kthnédments & easikivay | y. Each
detection color can be optimzed for the specific assay that is to be

per f or neegult. ?hICET payphave iahdeas{ Sdimesgreatetsqrantn eféicieaexas 3 BMIs yrareenef or  many

di chroi ¢ .f] , i f A MNIE - - und d with.t. rature and
i 97068 G0 ex R R ety v R el Rt Do AN BIRRIG. " 20V
i s t hat thalavoidared ofahtutdiRnplotiedestalction aidether rmintinédi pescend éxtithtiegh. CCD can be
easily acconplished 30 electronically. Rather than physically mving the
apeQur EBus, theamplispetisysiemwith,GChy W%ﬂn ewebaety Khtimpemer seasiiye thangdr der to
I nsure Elnglte sggﬁkMk?‘ sgstkﬁl dP@raPlﬁ bemk sﬁrﬁgké‘a%rsggécf? Frnid fn@rcﬁage?i sené'ia}(i(lg)Eghxmz003 15
correspondi ng apertdre. This process can be automated usi ng, r exanple, a
t est sl béexploitddatiorshoigenathe s¢andinfid, sonemdaispot byskbemh sart yield congpatabldimagsed i n t he
assay.




I'n further enbodinents of this invention, it is possible to use non
epi-illumnation of the sanple. In this enbodinment, illustrated9iREBROIRE
9, the excitation light 11 5 generated by laser 50 is brought to the sanple
wi t hout passing through the collection objective. This nmethod is referred
to as off axis illumnation. See, e.g.]0d. S. Patent No. 5,578,832. As in

epi - i | | tora siaglecapotsyistem, bt inassgnifikmdgess singe nelteh RV elyPaRShiltiSoTddD pl € beam
generatin ptics 1é&thﬁF|Ude but are not |limted to Damann and ot her

grating$y g‘?‘f‘ﬁ%’? OByt iramg Scangate a5 the sipgle Sa?trsé(§/‘§m htovidltbs-ablsitoc and

el ect r OyeREl smida¥h ﬁﬁ&sﬁ@@%aﬁﬁ@oﬁ\tenﬁgna{l@’*gT nBle Cs? ﬁlﬁfeﬁ{jcol?ﬁ'd hdtSelelt St f an

| ens 124 and re-converged on a scanni ng devi as a reciprocati

mrror 4w sednithtea Aveevsndurtizon atheansage 28 usifindow daeer pdvest deasitiestibtiaugh a
scanning mrror 130 and a final |lens 132 such that each spot 82 is focused
on the sanple 102 (As depicted in this Figure, the sanple is scanned out of
the page.) The final lens is configured such that the excitation beans are
at approximately 45 degrees to the sanple. 15 Enmitted light is then

coll ected by the collection objective 134 and re-imaged on the CCD detector
with a tube lens. Unwanted excitation light is elimnated wwth a | ong pass
bl ocking filter 136. The emtted light is separated into two wavel ength
portions by a dichromc filter. The two portions are then passed through a
|l ens (tube lens 1 (140) and tube lens 2 (124)) onto separate array
detectors (array detector 1 (144) and array detector 2 20 (146)). If the
spots 148 are not de-scanned then the scanned spots wll nove on the
detector, however the correct CCD bins can be chosen so that the readout
follows the spots. Alternatively, the collected rays can pass via a second
reci procating device such as a mrror, in sync with the excitation mrror,
to de-scan the spots. A nunber of different array detectors can be used to
col |l ect discrete wavel engt hs where the wavel engths are 25 sel ected by
optical filters, e.g. a dichroic filter. As in epi-illumnnation a

di spersive el enent can be used to spread wavel engt hs over the array
detector orthogonal to the spots. Despite the extra conplications involved
in de-scanning the spots, off axis has sonme advantages over

epi-illumnation. No excitation dichroic filter is needed and so many
different excitation wavel engths can be used w t hout having to change
filters. 30 Furthernore, extrenme excitation wavelengths, i.e. ultraviolet

or infrared, that are inconpatible with collection optics can be used.
Exanpl es of reporters that use these wavel engths are: 2 photon up
converting phosphors that use 980nmexcitation and emt in 19 FEB 2003 16
the visible region; and nano-crystals that are optimally excited in the W
< 400nm but emt in the visible regions. See, e.g., Bruchez et al.,

Sci ence 281:2013 ( 1998); Wight, WH. et al., Proceedings of SPIE - The

I nternational Society for Optical Engineering Utrasensitive Biochem cal

Di agnostics Il Feb 10-Feb 12 97 v 2985 | 997 San Jose, CA, S USA. Al

enbodi ments of the invention described above include system desi gns where
the regions of the sanple illum nated by the spot array are i naged by an
optical systemonto the surface of a CCD detector. Alternative system
enbodi nents use nechani cal apertures to provide the necessary confocal
apertures, with non-inmaging optical systens, 10 such as fiber optics or

fi ber bundles, to transfer |ight passed through the apertures to the
surface of the detector. Thus the system desi gner can choose the opti nal
spatial mappi ngs between the excitation spot array and the detector
surface. This allows the designer to choose froma w der variety of
detector devices, or to nore efficiently utilize the surface area of the
device. For exanple, if the excitation spot array consists of a linear 15
array of spots, a linear array of apertures could be used to collect the
emtted light fromthe sanple passing the light into optical fibers, with
one fiber or fiber bundle per aperture. The outputs of the nultiple fibers
or fiber bundles could be arranged, for exanple, into a square-shaped

2-di nensional array, and imged, directly or through dispersing optics,
onto the surface of the detector. In this manner the desi gner can provide a
better match to 20 the formfactor of a given CCD device, or fill up the
surface of a CCD with nore spots than could be utilized with imaging optics
only. Tine-resolved s~e _ctrosco~Y_s3rstens The net hods of the present

i nvention can also be used to performtine-resolved ML.SC. As descri bed
above, in tine-resolved fluorescence mcroscopy, imges of the 25 sanple
are taken at predeternlned tinme |ntervals after ex0|tat|on |Ilun1nat|on

——y I B . - Y D T 2 s I T 11" £ £ e



30 scans the |l aser spot. The physical separation between CCD bins nmaps into
a difference in enission tine for the sanple. The tine separat’lQ)ﬁEBsf@:*
function of the scan velocity across the sanple. 19 FEB 2003 17 Such a
system can fwacdoriaoedas foll ows in one enbodi ment illustrated scharsmiisad |y
rn FIGURE 7. Specifically, excitation light 11 provided by a laser 50, is
passed through a dichroic filter 148 and r {Iected by a mrror 150 and a
gal vanonet er,, scapni n irror 152 to the entrance pupil of a m ¢roscopic
obj ect i v 13IpWSARe Skt Yqophotes that Sefirall, ot COBPAIAEVblYAPWPOMEE AESIFS: PYHD 5
sanpl & 156 jnBroabicCludrbptr@Ri Qusntlim Hof AafdbrAtil with lonkGiMis@b S tifetdaMantsF 1
has an em ssion tinme constant such that tHe fluorescence emtted fromF 1
i s practical | yTholimii etethe nwinbér af)spots it determindshivyethe Ir¢quiived axiahrdspdnseaftizces

161 the path of the.laser es thro di.chroi iALter 148, and
o maged oNeR W ARt Starrs B SRsen mpot halodn ¥ Vol o E oo AR
defl ected, wadrray, 86 &ithe EIOSHIPEpaeEd Are SheSeHBOAI bins bR R @CDI Ad¥al 9&dpohdd isON
illumnation 164, Also at t=1, F2 which was excited in the first region of

t he sanpl e propertionalfotbin sipeansd soevillthe effeetivaly redveeds Furthermose tthelclosenturn

coi net dent TR HgfE ity e BTl Mg ilbolbhuS R CBRIAR e sy

follows a pﬁlbitit/hﬁ.tTlheSprd@;e‘hpin&élﬁﬁ)nbuclﬁddsraﬁg@9§élﬁivﬁﬁﬂm@fmhﬁﬁ ofi€spti ve to
fluorescence fromF 1. Lj ght fromF2 can be collected by a separate

confocal 15Ptsfarablpshere avill be betweerczand 1900 pots a5d mergdrefeiably hetweemaand i onal
bi ns canpbe fined on the CCD in order to obtain additional tinme
i ntervals. e di stance between the bins (at constant scan speed)
det erm nes the t Using CGCBbualasketifoes aparagks fslasabstantiah advaneadue tnhsirelatient .

I n other emhodinents, a nuljispot excitation array, as d ri bed, above, i
used for tiNEPISEY ebohapetns e dimcanions of the portnsa deatb@giﬁﬁﬁﬁﬁ\/le&r@%&ﬂfeca

di vi ded int Lhisebd i j ' ' [

posi ti onal [9% or mallE.ll o%&gogélgﬁgmée%s fﬁjtagyoﬁ{:l ght .lpﬁve%ﬁgngﬁ}g?ﬁgﬁlr’e%?isgn, t he
bi ns provi dequireseplestateddind preoise arehandécalspstemetossontrol the apertaepize, By system
for performng thre i,e-resol ved nepasurenents fqQr eac 0 excitation

| aser sp](%t sc‘?/ﬁ{?ﬁﬁaéﬁqbrbi‘%@“ ef&jygeg,spgayby r 1gpHRe S‘?ﬁ&éiaﬁéﬁé‘ﬁﬁﬁgsa of each
bin can be Zgnhidependently varied in order to optimze detection for
particul ar fluorophores. In other enbodi nents, tine-resolved spectroscopy

i s performed uJhagserof a CODeingVhBClisa signifioantlimppeementever ppibear MBICwi t h
optical fibers 184 rat | pl ed.to lJjght. detegti0 evi ces 6. The
abaci ng bet WEENPER e YT thp BRBEEEuYS, ThePhideseh Bl ot i &5l o,
the fl uor essANEE aGRBTENIR Bhd SMEIBESHD of\Scdtter EXtStaBER AghtTEINe UsE b O iubRphds CCD
bi ns, the individual ({)I nhol e confocal apertures are_scanned over

particulZ} Haypsexsited byregddight ueh asthe pirap line frepsa HFNérlase;ac,rF@%ﬁeﬁghﬁsef t hat
A . . e .
bort or med uBiobErERREl|of MESCaRg & ARRHMES in WIGIE HFOBC HOERer SAONNT

acts as a phavend quantund effivdericly @fitess tham 3094t ihahe tedrpontidn dflthe Elebromagsetic
delivered to rrulti;ijle PMIs. As hefore, the spacing between the illum nated

end of the SPRCITE) leading te paes sepsHikiBswhepsthese duqrpphigresare s cenfrgst, many

fl uorescenc CHEMy i i LSitel b, -' in
FI GURE 8. I tgt? i@on I gﬁﬁﬁ%ln?m %?%H\??igﬁ%ngﬁ%%géﬁ?g@}@?%ggg%b?%?%gh a

di chroi 2% i speetrufi¥0, reflected off of a scanning mirror 172, through rel ay

| 174 t bj ective | 176 to t le 178, Th
e sson 11 gt 1 Ay BEReE regipusty gt CeBEeEted Bae b RS HAR Bat Bt HE | ens
182 and t hemdnFMINIft angle kpdt i RamicdtVera S5O aAd tRRAItHEd ﬁ?htjiﬁfhg@ﬂbﬂtowr

detectors 186. In still further enbodinents, tinme resolved Tl uorescence
spect r oscopGI3, the OGI mesuld have ® beneadoutsequentipily Soreveryesingle piyehin the image.

spectros COp)ﬁychongrgset, {}{qultlltiseprgt ts;tls?gn %}ov?d%ﬁ %ytthgﬁxseam 1 rvgr%idn can simultaneously
30 acquire data for X pixels, where X is the number of spots. Thus, a 10 spot system
provides data for 10 pixels in the image at each read-out event, whereas a single-spot

system provides data for just a single pixel at each read-out event. Hence, the multispot



In certain enbodi nents, this is done using a series of pinhole apertures
that are i maged over the sanple as described above at di fferen19%ﬁﬂa3003
behind a single | aser excitation spot. 19 FEB 2003 wo oon i o0z4

PCT/ US99/ 19 I ssion |light that passes through each ape ' hen
passed throﬁ‘géoé?lsogﬁenrsal optics-such as a concave di ffraction%?’g ?Jﬁ%‘?"}c‘)'r a
prism-that speed the emtted light into its conponent wavel engths. The
conponent wavel engths fromeach tine inter¥&l are then imaged by the

di spersal opsteroof thetiostantsiepentwineallows tlambrriefits ofeghanced sensit®UP providaddiyrthe he 5

| ong axi s he rectangle.js parallel to.the axis alon ich,the em{ted
it e SR SRR il B he rradifhi ASind SABhA ok el B B
region on the ofCODsTECDH Wittt réa%@mé@ﬁnaﬁ@elf ¥OaValiaBRAdn &leFthrd. hel 1

| ong axes into spectral bins, and the spread light from each aperture falls

ont 0 t hose Usingssuch improaed GG wilbibwdarinsreapatha sensitivityeand speadrafites

enbodi nent s he | nvention.prqyide . nethod for performng 10 nuti spot
time-r es%l \}%%&HCB %@gcne‘%tg%dsg @}é? fr}?gai'_gwe?tﬁm}'andem with fluorescence

em ssi on wavelNggtiat 8 of teasalimerts of tHR)ieRA inveRidnas ubdicdnventfhaEPMEAY as
the multispot systemw th a confocal slit architecture, as described above.

However, i resdiedight deteglors, sathentharEEds) e these embedimentssconvartionabeaniaaahs a
series of | t.hat ' : r ' [ rval s
beni nd ¢ he e PORE S0 Gied Ty 4 REE iR driy SERRL N Bhotsc e, THE

di spersed iaptmured souldriecdrtanigedvityepattegh idendedl to trdedtr optarrapect ral  bi ns
arranged in rectangles on a CCD, wherein the rectangles are orthogonally
orientel‘l(_)to the confocal slit. In certain embodiments, separate CCDs are
used to i mageibRGader 9Pt XRThLh dyRleRHalth SRCIN PRI AGAIn ARREE W@ hence, a
three-slit Tonrrguration would requirre tnree CCDS. ITn other enbodi nents, a
singl e CCD i s udedertainienswdimérss,lai sipigle CCORhisalskd fdr miltchapeeltimagiag oThe CCD 20

in this enbodi t woul d be, confiqured . to provide a matrix of rectangles;
each aper { GREPIes 1 B STDREETSI 211 chiaeT oM b rardet Hnfhe s @ifg  es. on
the CCD. Thufittedligit19lRadddDadd QVBIASLI9E, Britda 1iRE oPESHfSdaP eﬂhké@‘ﬁh@%@louﬁ i on,
and spectrum of each fluoresence em ssion event. 19 FEB 2003 19 at is

cl ai med1$ s:ofshelarrax afapeduees peratinalsitigylaygutiaf thecamayr ¢fdigey spots, such that the
emitted light from each laser spot passes through a different aperture. After passing

through the aperture, each beam of emitted light may be passed through dispersal optics
that spread out the component wavelengths. Suitable wavelength dispersing optics
include, but are not limited to, echelle gratings, holographic concave gratings,

20 transmission gratings, or prisms. In addition, particular wavelengths can be directed
mechanically onto the detector with the use of a constant deviation dispersion prism, such
as the Pellin-Broca prism, or through the use of a resonant grating filter. Electro-optic
methods to select wavelengths include the use of an acoustic-optic tunable filter or electro-
optic resonant grating filter. The dispersal optics also image each aperture onto a separate

25 rectangular region of a CCD so that the light that passes through each aperture is
spectrally-spread along the long axis of a single rectangle. Each rectangular region on the
single CCD is subdivided into bins along its long axis so that each bin collects a different
wavelength of the spread light. For example, for 4-color fluorescent detection, each
rectangle can be subdivided into 4 spectral bins along its long axis. Hence, each

30 rectangular region on the CCD can essentially perform spectral analysis of the light

emitted in response to excitation by a particular spot.



(a) means for generating and scanning over a sanple along an aX|s

plurality of spots of excitation light, wherein em ssion |ight QEEM%ed
by said sanple in response to excitation by said spots; (b) a spatial
filter conprising a rectangul ar aperture said spatial filter 10 positioned
such that said emission light is i maged3t her eupon; (c) neans for dispersing
eni ssi on | Inghpreféread gystemefor thwm@dlmamtdtl@psamlpbd is 6¢dnhed withtadinetod lasenponent

mavelen ths i oned, such that said onent el engt hs
are i ma ?WZQ@H% %ﬁ“‘ﬁi&%ﬁo Fog h‘essémledéﬂfnﬁ%edgoé}“? Pﬂ“ﬁf‘fergaf’?ﬁ%ar V\@Iangul ar
pi xel r&mf@m apdriRO@ 8RN R patDlcBb R tHe FRALT lﬁkerfsf)i)t%eTh@ H&htefdh?g%t &R Bagsfé‘&t angul ar
region receives a portion of the enission ? resulting fromthe

t

exci t at ingndispersadiogtiesiipl S@emalbrr&pmaﬂ cgeli cmm@d ight bdaer imtaiteemhpanest angul ar

regign is ed al its ax s o at 0 ctral bins
uoh St nevaahet oERdh et SBRuSEA e e R sheT i SRERGt h o
sai d poThéd @ikp erm@ﬁmmm dgB eheb ook \Pavlen@ B TrotR 4bheffibtdibifoRbntoeTi ON
are chosen such that said portion cg’rr}grl ses em ssion light froma

pr edet eammeaﬂe festrapulde PR wsgiosawhersrtpe bongagisnf eacks G€Dawrtangletis ne- r esol ved
conf ocal n ans for nerati.ng and scanni ng over a
sanpl e %"}8 eg H‘ s ﬁgﬁwﬁwﬂﬁb“’% %ﬁgfpgt&s SBFFaﬁ%?ﬁ Graissig 6‘?0.4: of excitation
l'ight, @Gﬂeqwhtl@'mlﬁ:%@a)hﬁ Glhéach s:ome@ea%gw 1E)Brt§@gdi'1a§t%fmé ﬁsngraxfseﬁmse to
excitation sald Eot S; a plurality of confocal apertures, each

sai d0c o'rSﬂlé"cQﬂcﬂH{fe rHag éeq&mutarr m@m is subdisided plongiits horlg agh infcespattral MRSt r om

f h b d
Seann rif Hdiitead) 6L BE R atbnP Rloels BireisRP By el TRER rs MR 1REF o 2ot
19 FEB aﬁQﬁspersRDoﬂa:s)mgtemsfo@rspbu ditie rdethmailargegionesahe OOy fugetig] & t 0 sai d

confocal apertures, 3. The system of claim2 wherein said means for |ight
det ect i #i§ond "shit @gg"ocgr@emmeﬁteggp H‘eéWﬁP%E%dlmﬁb%?li torthe meghanicad esligl xel Dbi ns

on said, re. 2Aéa ré%uﬁotﬁg @h llnﬁ%?ﬁmoﬂﬁ)cﬁyﬁtb%m glm,ﬁloﬁé MBhe tlFmtoE@st ion

ener gy Ie ivery systemto dirett ener T owar rst regron of a sanple;
an apgti mathlsd;gmemtdan Ibe$yﬁttcdl’adfhyrconnhmﬂdsly wvgryfing ihe aad«hnﬁ‘ehahectﬂamcamnt"

I nduced 10 by tial fller di sposed optically between the
sanpl e %ﬂ?ﬂmf"n%“ddg? Wd&k%&?@ﬁeﬁﬁegﬁ%m to limt the measured fluorescence
to at |east PItﬁJRE%ﬂgstfa%&'seﬁexﬂincEﬁ? ﬁ@%ﬂk@dm@ﬂpu ﬁh%ggnﬁﬁ}e%ﬁ&@' ing the

energy delivery systemand Sspatla ter to e so that the
first acehcsecgmating ﬁylwavslesgtzhrdmphmals dnphie ilhwstraton, |la=det lightd1 gEhera&t;lsbtyem of

R L R TR R R I U

20 54 -by mirror 88-. Three laser spots are generated by spot generating optics, passed by fan
relay lens 1 (90) and 2 (92) to a dichroic filter 94, which dichroic reflects the laser spots
on a scanning galvanometer mirror 60. The spots are then passed by galvo relay lens 1
(96) and 2 (98) to mirror 2 (100), so they re-converge at the entrance pupil of the
microscope objective 64. The objective focuses the spots onto the sample 102 and the

25 light emitted from the three spots is collected by the objective 64 . The emission light rays
re-trace the path of the laser spots to the dichroic filter 94 . The emission light passes
through the dichroic, followed by the aperture lens 104 which focuses the light at the slit
aperture. The focused light passes through a long pass filter 106, and then through a
confocal slit aperture 108 that is oriented with the long axis of the slit parallel to the

30 vertical axis. Emission light rays that pass through the slit aperture then fall on a concave
grating 110 that re-images the spots and wavelengths onto the detector 112. In this

illustration, each emission light ray is spread into multiple wavelengths along the



measured a predetermned tine after the energy. 20 6. The systemof claim4
further conprising a plurality of spatial filters, the spatial1% FEBe2003
conpri sing pinhole apertures aligned so that the fluorescence is neasured
at a plurality of times after the ener? . 25 7. The systemof claim4
wherein the energy conprises |aser ene ﬁw. 8. A confocal scanning system
conpr i shpyzongal pxsedhes, fherhogienetebaxinef the @ 3 provides spoetyal HAgafophatien pl ural ity

of spot fexcitation |j.ght,. wherei m ssi on, | is re]leased . by said
sanpl e ﬁ#’D'BBEer%O nged}fe(‘i{' {:Siqegltcfe n aBS’ﬁ&&@he@Btﬁfl ;II%EL"&Y’(W%Q? V‘f‘ﬁ& t one

det ect i gRis PERIidR spasd] ihfBRRALich01 16D Athe SPbtGcATH TSI IOR i dPitited Sy 4 AHAES

t hereupon, whereih at | east two spots of em ssion |ight are inmaged

si mul t aneowdlil and thewample sran dirgetioncis depictdd by asingle art@v EEB 2003 21 9. The
confocal scanning systemof claim8 wherein 3-100 spots are generated. 10.
The confocal scanning systemof claim8 wherein 5-25 spots are generated. 5
11. The confocal scanning systemof claim8 wherein said em ssion |ight
conprises nultiple conponent wavel engths. 12. The confocal scanni ng system
of claim 11, further conprising neans for 10 dispersing said em ssion |ight
into its conponent wavel engths. 13. The confocal scanning system of claim
12 wherein said neans for dispersing said emssion light into its conponent
wavel engths is selected fromthe group consisting of a dichroic filter, a
prism and a grating. 15 14. The confocal scanning systemof claim1l
wherein each conponent wavel ength is inmaged onto a separate detection

devi ce. 15. The confocal scanning system of claim 11l wherein each conponent
wavel ength 20 is imged onto the sane detection device. 16. The confocal
scanni ng systemof claim@8 wherein said at | east one detection device is a
charge coupl ed device (CCD). 25 17. The confocal scanning systemof claim$8
wherein said at | east one detection



device is an array detector partitioned into nultiple bins, wherein each
bin collects a portion of said enmission light resulting fromthe RERROBSI on
of said sanple by one of said spots. 30 18. The confocal scanning system of
claim17 mhe&&hﬁ H&% di mensi ons of each bin are selected such that said
portion is f Wit n a predeternined focal depth of said saRpl/HS99193Y FEB
2003 22 19. The confocal scanning systemof claim8, further conprising an
aperture for limting em ssion |ight passiig through to said at |east one

det ecti on devi ceFIGURE Gilustfates @héméatically wicRhiptkek x04880sikels OO Hehtaletdcigtept h
5 20. The confocal scannin ystem of claim 19 wherein sal d

of said sanpl e,

aperture cgﬁw h@S&ee&cgﬁlﬁ%% 053 Pat %yssmwgéﬂéﬁ%ﬁtrﬁbdtaan@lacﬁh%@@ isrdivided
em ssion |igh | lg n said
aperture conrprl ses zgmb? g%sggﬁj?aé%ﬁq%&g%ﬁ%gﬁ%n %gaﬁéégggﬁlﬁgﬂg‘%%stem of
cl ai m 19 WhEIGURESqtle hmﬁmmat axis ofithis GED providespatdtial inforaeian parddhaperticalr e
devi ces, each deflcp a dl ti nct erture dlrrgjenm on., 15 23. The.co focal
scanni ng2sy&¥i8 Rrayides sEptal $“ onwRenuged 9 ’@H%W@’@s"%“?ﬂ”@dﬁ‘eg

contai ned Wpbithéh §lx€a§iéhhfear’19he h%fght SP&ach 8t mﬁ@ﬂm@@ caY6d é‘dg?xé?éd @ i
wherein said capillary is translated orthogonal to the scan o ex0|tat|on
light. 20 2the chhfocelatyfaddhd insapanmihediosigsitaimxit A butableX3Ctfor thisapplicationpst s

of excitatign [.i esc d.in a direction parallel to the axis of said
capillary. g&rll‘l"g?m gﬁﬁg §€1¥‘rﬂﬂ“ng system of claim 23 wherein said spots

of excitation [i Q@Heﬁﬂﬁﬁ%é@é‘? g us Bttémpls tSGde 108 1@%?@8?& H’Ildg;rsdtpakah%t axis

of said capillary . The con scanhing systemo further
conpri silfg gicdedrthsdered spgedant sensitditydSiprovemenichetausalof deanteravtios pEt em of

cl ai m 27 wher |nsa|de |ta|on i ght and, saj ssion .light pass,through
cai d i cr os Eoetan fumeio speir fn stk ik SEhcn hrgRup vt B idgeor
further conpid fersine BQnéihodTiM leiﬂithﬁi'hg excitation light over an area larger than a single

spot while maintaining the depth of field and axial response of a single flying spot

confocal laser scanner. This is accomplished by: a) scanning the sample with individual
15 spots of excitation light rather than a continuous line of light; and b) using a CCD bin
confocal apertures, with each bin corresponding to an excitation spot.

This embodiment is also mechanically simpler than the embodiment above in
which a line of pinhole apertures is used. Changing the size and orientation of a single slit
aperture is simpler than changing the size of a series of comparatively smaller pinhole

20 apertures. Thus, this embodiment retains the true two-dimensional confocality of the
pinhole aperture architecture, while also possessing the mechanical simplicity of the
confocal slit architecture.

An additional advantage of performing spectral analysis on the CCD in the manner
outlined above is that the CCD binning in the spectral dimension can be controlled

25 electronically. Each detection color can be optimized for the specific assay that is to be
performed. This also eliminates the need in the detection system for many dichroic filters,
which can vary from unit-to-unit and with temperature and humidity.

An even further advantage of using the CCD systems outlined above is that alignment
of the mechanical confocal apertures with the CCD can be easily accomplished

30 electronically. Rather than physically moving the apertures, the position of the bins on the

CCD can be adjusted in order to insure that each bin is in perfect registration with its
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>AEJ mirror, in sync with the excitation mirror, to de-scan the spots. A number of different

array detectors can be used to collect discrete wavelengths where the wavelengths are
25 selected by optical filters, e.g. a dichroic filter. As in epi-illumination a dispersive element
can be used to spread wavelengths over the array detector orthogonal to the spots.

Despite the extra complications involved in de-scanning the spots, off-axis has
some advantages over epi-illumination. No excitation dichroic filter is needed and so
many different excitation wavelengths can be used without having to change filters.

30 Furthermore, extreme excitation wavelengths, i.e. ultraviolet or infrared, that are
incompatible with collection optics can be used. Examples of reporters that use these

wavelengths are: 2 photon up converting phosphors that use 980nm excitation and emit in
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onto the surface of a CCD detector. Alternative system embodiments use mechanical
apertures to provide the necessary confocal apertures, with non-imaging optical systems,
10 such as fiber optics or fiber bundles, to transfer light passed through the apertures to the
surface of the detector. Thus the system designer can choose the optimal spatial
mappings between the excitation spot array and the detector surface. This allows the
designer to choose from a wider variety of detector devices, or to more efficiently utilize
the surface area of the device. For example, if the excitation spot array consists of a linear
15 array of spots, a linear array of apertures could be used to collect the emitted light from
the sample passing the light into optical fibers, with one fiber or fiber bundle per aperture.
The outputs of the multiple fibers or fiber bundles could be arranged, for example, into a
square-shaped 2-dimensional array, and imaged, directly or through dispersing optics,
onto the surface of the detector. In this manner the designer can provide a better match to
20 the form factor of a given CCD device, or fill up the surface of a CCD with more spots
than could be utilized with imaging optics only.
Time-resolve ctrosco S
The methods of the present invention can also be used to perform time-resolved
MLSC. As described above, in time-resolved fluorescence microscopy, images of the
25 sample are taken at predetermined time intervals after excitation illumination. This allows
observation of multiple fluorophores with different emission time constants. In the
present invention, time-resolved images can be obtained by imaging a series of confocal
CCD bin apertures over the sample at predetermined times behind the laser excitation
spot(s). The confocal bins are scanned over the sample by the same optical system that
30 scans the laser spot. The physical separation between CCD bins maps into a difference in
emission time for the sample. The time separation is a function of the scan velocity across

the sample.
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an emission time constant such that the fluorescence emitted from F1 is practically
coincident with excitation. Hence, light from F1 retraces 161 the path of the laser beam,
passes through a dichroic filter 148, and is imaged onto CCD confocal bin B1 162. At
t=1, the scanning mirror has deflected, and a second region of the sample is receiving

10 excitation illumination 164. Also at t=1, F2 which was excited in the first region of the
sample at t=0 emits. Because the scan mirror has deflected between between t=0 and t=1,
the light path followed by F2 emission is not coincident with the laser path. As a result,
the fluorescence from F2 follows a path that is displaced by a predetermined amount
relative to fluorescence from F1. Light from F2 can be collected by a separate confocal

15 bin, B2 168, on the CCD. It will be understood that additional bins can be defined on the
CCD in order to obtain additional time intervals. The distance between the bins (at
constant scan speed) determines the time interval between each fluorescence measurement
event.

In other embodiments, a multispot excitation array as described above is used for time

20 resolved measurements. In this embodiment, the CCD is divided into a matrix of bins. In
one dimension, the bins provide positional information for the emitted light. In the other
dimension, the bins provide time-resolved fluorescence measurements. For example, a
system for performing three time-resolved measurements for each 10 excitation laser spots
would comprise a 10x3 array of CCD bins. The dimensions of each bin can be

25 independently varied in order to optimize detection for particular fluorophores.

In other embodiments, time-resolved spectroscopy is performed using multiple
pinhole confocal apertures implemented with optical fibers 184 operatively coupled to
light detection devices 186. The spacing between the confocal apertures determines the
time intervals for the fluorescence measurement events. As in the embodiment involving

30 CCD bins, the individual pinhole confocal apertures are scanned over a particular region
of the sample at different times after excitation of that region. As an alternative to pinhole

apertures, this embodiment can be performed using optical fibers. The core of each fiber
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lenses 174 to an objective lens 176 and focused onto the sample 178. The emission light

is reflected by a mirror 180, passes through a focusing lens 182 and then through the
multiple pinhole confocal apertures 184 onto PMT detectors 186.
In still further embodiments, time resolved fluorescence spectroscopy is performed in
10 tandem with emission wavelength spectroscopy of the light emitted at each time interval.
In certain embodiments, this is done using a series of pinhole apertures that are imaged

over the sample as described above at different times behind a single laser excitation spot.
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individual rectangles are subdivided along their long axes into spectral bins, and the
spread light from each aperture falls onto those bins in a wavelength-dependent manner.
In even further embodiments, the invention provides a method for performing

10 mutispot time-resolved fluorescence spectroscopy in tandem with fluorescence emission
wavelength spectroscopy. This system functions in the same way as the multispot system
with a confocal slit architecture, as described above. However, in order to perform time-
resolved measurements, the system has a series of slit apertures that are imaged over the
sample at time intervals behind the excitation spots. Light passing through each aperture

15 is dispersed into its component wavelengths and imaged onto spectral bins arranged in
rectangles on a CCD, wherein the rectangles are orthogonally oriented to the confocal slit.
In certain embodiments, separate CCDs are used to image the light coming through each
confocal aperture; hence, a three-slit configuration would require three CCDs. In other
embodiments, a single CCD is used to image the light from all of the apertures. The CCD

20 in this embodiment would be configured to provide a matrix of rectangles; each aperture is
imaged onto a particular row (or column) of rectangles on the CCD. Thus, a single CCD
provides data on the position, time-resolution, and spectrum of each fluoresence emission

event.
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(b) aspatial filter comprising a rectangular aperture, said spatial filter

10 positioned such that said emission light is imaged thereupon;

(c¢) means for dispersing emission light that passes through said spatial filter
into its component wavelengths; and

(d) a CCD positioned such that said component wavelengths are imaged
thereupon;

15 wherein said CCD is partitioned into rectangular pixel regions orthogonal to
said spatial filter such that each rectangular region receives a portion of
the emission light resulting from the excitation of said sample by one of
said spots;

wherein each rectangular region is subdivided along its long axis into at least

20 two spectral bins such that each spectral bin collects a different
component wavelength of said portion; and

wherein the dimensions of each said rectangular region are chosen such that
said portion comprises emission light from a predetermined focal depth of
said sample.

25

2. A system for time-resolved confocal scanning, comprising:

(a) means for generating and scanning over a sample along an axis one or
more diffraction-limited spots of excitation light, wherein emission light
is released by said sample in response to excitation by said spots;

30 (b) aplurality of confocal apertures, each said confocal aperture positioned so
that emission light resulting from excitation of said sample by one of said
spots is imaged thereupon by said scanning means at a predetermined

time following excitation by said spot;
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a spatial filer disposed optically between the sample and the optical detection
system to limit the measured fluorescence to at least one second region of the
sample; and

a mechanism coupling the energy delivery system and the spatial filter to the

15  sample so that the first and second regions scan the sample sequentially.

5. The system of claim 4 wherein the mechanism scans the first and second
regions at a speed and with a distance therebetween so that the fluorescence is

measured a predetermined time after the energy.

20
6. The system of claim 4 further comprising a plurality of spatial filters, the
spatial filters comprising pinhole apertures aligned so that the fluorescence is
measured at a plurality of times after the energy.
25 7. The system of claim 4 wherein the energy comprises laser energy.
8. A confocal scanning system comprising;
(a) means for generating and scanning over a sample a plurality of spots of
excitation light, wherein emission light is released by said sample in
30 response to excitation by each spot; and

(b) at least one detection device positioned so that said emission light is
imaged thereupon, wherein at least two spots of emission light are imaged

simultaneously on one of said detection devices.
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multiple component wavelengths.

12. The confocal scanning system of claim 11, further comprising means for

10 dispersing said emission light into its component wavelengths.

13. The confocal scanning system of claim 12 wherein said means for dispersing
said emission light into its component wavelengths is selected from the group

consisting of a dichroic filter, a prism, and a grating.

15
14. The confocal scanning system of claim 11 wherein each component wavelength
is imaged onto a separate detection device.
15. The confocal scanning system of claim 11 wherein each component wavelength
20 is imaged onto the same detection device.

16. The confocal scanning system of claim 8 wherein said at least one detection

device is a charge coupled device (CCD).

25 17. The confocal scanning system of claim 8 wherein said at least one detection
device is an array detector partitioned into multiple bins, wherein each bin
collects a portion of said emission light resulting from the excitation of said

sample by one of said spots.

30 18. The confocal scanning system of claim 17 wherein the dimensions of each bin
are selected such that said portion is from within a predetermined focal depth of

said sample.
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5 20. The confocal scanning system of claim 19 wherein said aperture comprises a

pinhole aperture corresponding to each spot of emission light.

21. The confocal scanning system of claim 19 wherein said aperture comprises a
slit aperture.
10
22. The confocal scanning system of claim 19 wherein said aperture comprises two
spatially separated aperture devices, each defining a distinct aperture

dimension.

15 23. The confocal scanning system of claim 8 wherein said sample comprises a

blood sample contained within a capillary.

24. The confocal scanning system of claim 23 wherein said capillary is translated

orthogonal to the scan of excitation light.

20
25. The confocal scanning system of claim 23 wherein said spots of excitation light
are scanned in a direction parallel to the axis of said capillary.
26. The confocal scanning system of claim 23 wherein said spots of excitation light
25 are scanned in a direction perpendicular to the axis of said capillary.

27. The confocal scanning system of claim 8, further comprising a microscope

objective.

30 28. The confocal scanning system of claim 27 wherein said excitation light and said

emission light pass through said microscope objective.

\

29. The confocal scanning system of claim 8, further comprising one or more fiber



10hFO&10% U& ()-!f3+10% U U& ()-s(10% U& () - Ff &10% U& () - $10%

U8 ()-1Y! 109%&UUS ()-~? > 10hF0&10% U& ()-!f3+10% U U& ()-s(10b} FEB 2003

U& () - Ff &10% U&' ()-1{4M 10%JU& ()-"1f10% U& ()- Normal " "Headi ng 13]c"
"Headi ng 23] c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c"
"Headi ng 73] c¢" "Headi ng 83]c" "Headi ng293]c"A "Default Paragraph Fontc H

| +, 5=FQ [ f { gg{ epticg By trmABereni¥sictlight W s4idHa 0024 3EB8dstection device.

=>@B: G LOSV?\ *b*ePh{j ki nprtv(xL| ~$=",\(L;\J9 C(6Ti mes New RonmanAri al Couri er
New'h Root EntryWrdDocunent " #$UR' ()*+,-./0123456789: ;

<=>7?7 @\BCDEEGHI AKbMICR@REIEMN N tompadigglef ghi j kI mopgr st uvwxyz{| } ~

(a) means for generating and scanning over a sample at least one spot of
5 excitation light, wherein emission light is released by said sample in
response to excitation by said spot;

(b) aconfocal aperture on which at least some of said emission light is
imaged, said confocal aperture comprising two spatially separated
aperture devices, each defining a distinct aperture dimension; and

10 (c) atleast one detection device positioned so that at least some of said

emission light is imaged thereupon.

31. The confocal scanning system of claim 30, wherein a plurality of spots of
excitation light are generated and scanned over said sample, and wherein emission
15 light released in response to excitation by said plurality of spots is imaged

simultaneously on said detection device.

32. The confocal scanning system of claim 30, wherein said aperture devices

comprise a mechanical aperture.

20
33. The confocal scanning system of claim 32, wherein said mechanical aperture is
a mechanical slit aperture.
34. The confocal scanning system of claim 30, wherein said aperture devices
25 comprise an array detector partitioned into multiple bins.

35. The confocal scanning system of claim 34, wherein said array detector is a

CCD detector.

30 36. The confocal scanning system of claim 34, wherein said at least one detector

device comprises said array detector.



