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form an image of the sample. In such images, the cells or particles that bind to the

fluorescent probes can be identified and quantitated by image analysis algorithms. The

resulting information on the expression of biological markers in the sample can be used
for diagnostic and prognostic medical purposes.

20 Current laser scanning cytometers are based on the flying spot confocal laser
scanner. These systems scan a laser excitation light spot in one dimension across the
sample using a rotating or reciprocating mirror, such as a mirror mounted on a
galvanometer. The sample is translated in a direction orthogonal to the scan direction.
The collimated excitation laser light follows an epi-illumination path through the

25 microscope objective and is focused on the sample and the mirror scan center is imaged
upon the entrance pupil of the microscope objective. Emitted light from the sample is
then collected by the microscope objective, and re-traces the excitation light path back to
the scanning mirror where it is descanned. The emitted light passes through a dichroic
filter and a long-pass filter to separate out reflected excitation light, and is then focussed

30 onto an optical detector through an aperture. The aperture serves as a spatial filter, and
reduces the amount of out-of-focus light that is introduced into the detector. The wider
the aperture, the greater the depth of focus of the system. The detector generates a signal
that is proportional to the intensity of the incident light. Thus, as the laser scans the
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mrror is deflected by an excitation dichroic filter. Upon reflection, the light is incident on a

galvanometer-driven scan mirror 14. The scan mirror can be rapidly oscillated over a

fixed range of angles by the galvanometer e.g. +/- 2.5 degrees. The scanning mirror

reflects the incident light into two relay lenses (relay lens 1 (16) and relay lens 2 (18) that

20 image the scan mirror onto the entrance pupil of the microscope objective 20. This optical
configuration converts a specific scanned angle at the mirror to a specific field position at
the focus of the microscope objective 20. The angular sweep is typically chosen to result
in a mm scan width at the objective's focus. The relationship between the scan angle and
the field position is essentially linear in this configuration and over this range of angles.

75  Furthermore the microscope objective 20 focuses the incoming collimated beam to a spot
at the objective's focus plane. The spot diameter, which sets the optical resolution, is
determined by the diameter of the collimated beam and the focal length of the objective.
Fluorescence samples placed in a capillary array 8 in the path of the swept excitation beam
emit stokes-shifted light. This light is collected by the objective 20 and collimated. This

30 collimated light emerges from the two relay lenses (16 and 18) still collimated and
impinges upon the scan mirror 14 which reflects and descans it. The stokes-shifted light

then passes through an excitation dichroic filter 12 (most excitation light reflected within
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20 Other ways are known in the art for obtaining multi-channel information in the

microscopy context. For example, it is known in the art to use fluorophores that emit light
with overlapping emission spectra but with different time constants of emission. Time-
resolved microscopy systems typically use very fast laser pulses and high speed detection
circuitry to resolve, in the time-domain, the nanosecond-scale time signatures of the
25 fluorophores. Alternatively, the measurement can be accomplished in the frequency
domain with amplitude-modulated laser sources and detection circuitry that measures
phase shift and modulation amplitudes. Both of these techniques add significant
complexity to the fluorescent measurement system.
Typical MLSC instruments use photomultiplier tubes (PMTs) as light detectors.
30 PMTs are cost-effective and have high data read-out rates which allow the sample to be
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
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have high sensitivity and hi gh nmeasurement speed, it is desirable to use
hi gh power |aser sources. For each fluorophore, there is a proportional
relationship between the intensity of the excitation illum nation and the
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This proportionality only applies up to the point at which the fluorophore
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aperture. Since hght is dlsmbuted over a line of pixels speed limitations due to

fluorophore photo-physics are avoided. However, the depth of field, or change in lateral

20 resolution with focus depth, of the line scanner is inversely proportional to the numerical
aperture of the objective. MLSC applications require a large 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
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15 fluorophore emission. The methods and instruments of the invention are useful in any
application where spectroscopic data from a sample is required. In preferred
embodiments, the methods and instruments of the invention are used for MLSC.
The invention uses CCDs in which binning is used to subdivide a single CCD into
pixel groupings that collect data simultaneously from a number of different regions of a
20 sample. Preferred embodiments of the invention use multiple laser excitation spots in
combination with CCD light detectors. In some embodiments, the individual bins are
further 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
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Drawi ngs Note, that in all the drawi_ngs, t optj.c t ar

i |l ust ?at ed tecsample: This propitectyge getalns gﬁ?@ﬂ?ﬁ'@’?@ ‘%ﬁgl @fﬁpﬁﬁwﬂ?’?@%ﬂﬁe 20
FIGURE 1 il YShobAtsst seandbe) GhiSssonates il dritagelvf tHealery i SCqwanting efficienvibd ch

mechani cal conf ocall%ia ertures and photorru%eti pliers are used. The chief ray
of each r ay available with CCD detectors.

15
Brief Description of the Drawings
Note, that in all the drawings, the optical pathways are illustrated schematically.
Angles and dimensions are not to scale.
20 FIGURE 1 illustrates a single-spot multi-channel MLSC system in which

mechanical confocal apertures and photomultipliers are used. The chief ray of each ray
bundle is traced.

FIGURE 2 illustrates a 2-channe! spectroscopy system in which a sample is
scanned with 3 laser excitation spots, and the resulting emission light is imaged onto CCD

25  light detectors that have been partitioned into three confocal bins. The chief ray of each

ray bundle is traced.

FIGURE 3 illustrates a 512 x 64 pixel CCD detector that is partitioned into three
rectangular confocal bins.

FIGURE 4 illustrates the relative motion of three laser excitation spots as they are

30 scanned over a moving sample.



bundle is traced. FIGURE 2 illustrates a 2-channel spectroscopy systemin
which a sanple is scanned with 3 |aser excitation spots, an tﬁ%imlti ng
em ssion light is imged onto CCD 25 |ight detectors that have Dbeen
partitioned into three confocal bins. The chief ray of each ray bundle is
traced. FIGURE 3 illustrates a 512 x 64 pixel CCD detector that is

partitioned into three rectangular coffocal bins. FIGURE 4 illustrates the
rel ative notiGRFUSE 1 ﬁ?’é‘é"“@%ﬁ"@ﬁ"@?@?‘?&i bRACTEEHIng 'H‘élt‘iﬁ?éj“R‘E?‘é‘a“% scanned

over a nhynirid] ﬁ)@&ms_&)py]ﬁin@%@ir?gﬁp@CD%nE h Gb4it6caP slitlaberfiré 2T RS cHETRayesbodi ment

for performng nultispot, “mul tichannel confocal spectroscopy using a
si ngl e G@Bhsydbuadiesntrassdl slit aperture. The chief ray of each ray bundle

is traced. FIﬁdlﬁEE? ' | G | : pi xel s CCD
| i ght detector ' %2{"%@%@@?}3‘@%@?@%@8’5# ’\é# é‘gal@%ég?gﬁ—‘ g%‘st;&gr%n&\?\g th 4

spect sal thattes bednsconfiguskiRior 3 6 dpburystemtveith aspectrad chamelsved conf ocal

spect roscopy L ich.a binned collects the em ssion |ight at
predet er mi neo"s Ihﬁ?in/ flE’Fﬁvr\%W %WF'&?@&@&%‘?&QE?EWQW@&YS eVl 1c§.ai | lustrates
a tine-r gaddEdD coMdcRcft emRsioh liPRGO prdaMalifu tintes\iblil@hing ldderspbt i pl e opti cal
fibers act as confocal apertures that are inmaged over the sanple at

pr edet er eRcitetdont i nes after | aser spot excitation. FIGURE 9 illustrates

schemati cal |y IL}@O ol WAk SE in Rt | ed
Descri ption ol?l%‘l e %ﬁ%gétéée%nh%gﬂﬁggﬁo 15%%%65& sént i"r‘nvent I on provides
spectiposmapiplemtticaldibessrmit astonfogeteperairesthaterd imaged onenthersamplerddvel opti cal

configurations that allow nmultichapnel inmages to be acquired quickly,
and/ or V\p{eﬁet‘?m@ﬁ&?ﬂ%ﬁf%ﬁeﬁ?ﬂfﬁg '’%i vi dual fl uorophore enissions. In

preferred enpRAIREiIfustritBescheimativaily B nos gs-iiThinatad spot gdannetaysehor s, wherein
groups of pixels on the CCD formbins that are inmaged onto the sanple by
the scanning optics. In preferred

Detailed Description of the Preferred Embediments

15 The present invention provides spectroscopy methods and instrumentation with a
number of novel! optical configurations that allow multichannel images to be acquired
quickly, and/or with time-resolution of the individual fluorophore emissions. In preferred
embodiments, the invention uses CCDs as light detectors, wherein groups of pixels on the
CCD form bins that are imaged onto the sample by the scanning optics. In preferred

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



20 embodi nents, each bin functions as a confocal aperture. The size of the
bin determnes the wdth of the cone of emtted |ight that afgggﬁ:f
and hence the greater the bin size, the greater the depth o i ght
that falls on the CCD outside of the bin is not detected. Hence, each bin
functions i nwolvensase way as a nechani cal confocal aperturepCTiUSP¥Herred
enbodi nents, the invention uses an array of |aser spots to scan the sanple
25 smultaneously in multiple Iocatlons mtted Ilght fromeach spot is

i maged ont L8 conf usi ng
t he separ aqgw?rr%s%gg ‘? ToRPeach gitfjl'l"aﬁot p(ft 'f Wﬁoh%ogﬁ’ngfr‘\ @X'elf
series of has&s;ﬁmﬁ dcnageﬁmgnizes ﬂtmﬁlstam)tmraﬁon d\utfu[stergmgm;t?nmgmoisl ow ng
excitation sych that ea in op the sents a different em ssion
Ui me, t her GBYVEIREBPY SERYlRER Sl lsiorbne FE CaSleadrnavm iR POt YD be made.

30 The advant agevdid, thatlifal] (HeRniYolfindss tﬁ&%wlmﬁaahwm instrufbithtion of
re-configuration of the instrument is perforrred si nply by changi ng the

si ze and>pdbe insent igventioa ap %Cféhﬁdtlhéhemeﬂ f M. Thﬁéﬁ“l°ftﬂ$‘"dﬁ§her?é‘c‘¥l‘ ni caI
operation I

00/ 11024 Pd‘ﬁa %é%gy?%w& a} cg}ég& 4 g%ﬁv\grﬁaﬁgséfpﬂl ig&e/%?;ogt]a% elggiﬁ : %po? I n
conpari son spectmsmmgjreymptmyayplumpn 'ﬁtméudxw\mucroﬂcweappbmm daadditign,

mnimzes fl re sat ur.ation, t tot

i nt & ned BYFOUHR RSB kR appiegby s HeabEd A BT Sk ehbe
excitation giplitdto Miaiyelight batter detédtion rvdes: rixadiptes of suchpatsiflombdes indiude:

nmet hods and Instrunentation of 5 the instant_ inyention are gﬁscrl bed in
the contl@xtlug¥neggenee, phaspharcseence, Raman scaticring, Ralygigh scatfpring aad Mig * however
that the me{hedse.and instrunments of the invention are useful in any
spectroscopy or gyt onetry application, including mcroscopy applications.
In addition, although a fluorescence inmaging application is descri bed,

this scannl pﬂllt@él&?@sﬁ%&x@?&ttoﬁ .t,m@u&ﬁ%lmagdﬁ Qi dseddder detection nodes.
Exanpl es of nescence, phosphorescence,
Raman scat t er i ngln dRelepbodimentaof the inventicmal lastrexcittian beam lﬁgonwcd ime a0 | aser
spot eXCI tati n fst,%st er{;yvgL ShRi.nged QD ngégtmge%?%‘é&ﬁﬁ%Qg‘ﬁ%@émgfq‘“%ent of

the inventi anY A YA ESTOn beam 1S con _
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



15 array of beanms, by a device such as a Damann grating. Alternatively,

ot her spot generating devices nmay be used, such as a mcrol bGy3 Or @

ft ber bundle. The systemis not Ilimted to the use of a Iinigr arrtay of
spots and can function with a two di nensional array of spots. This could
allow a greater area of a CCD detector area to be used and thus enhance
réadout performance. O her enbodi ments2of the device night not use a si ngl e

20 | aserdesuedisien dimitted Hghtdbal impinges the CGPrautside of shechin ifinogidetegteds hencener eby

om t Ui NGk G fuhQbHS Bﬁéf@d?utfoé‘apz{pcﬁm%fﬂ?%%Qh@@&?ﬂcgﬁdbﬁ{lﬁéﬂéuﬂ%Xﬂ ge. The source
of the beamis 1 mged, | enses, onto the center of the scanning

m rror deoittolgd simply byshanging thabisndimensionsr Mbe greatebthdareaof thedin, thee pr esent
devi ce include th f ot her beam defl ecti on nethods. Such net hods

i ncl ude, & BE‘F”@FS"@&?F@F% ted to, a piezoelectric scanner, polygonal
mrross, 25 arieuatlt-sppdsysteriebh aenstedsbr mﬂdcmhagmgmg byldtvhbngmhesent
enbodi nent, the scan centgj of .the Lvanomett I S |g Lurn ﬂlmaged by a
second sByorgxcentemissiqndptedadiyidps) "YaP{Elc’é% §Asi0g. 1oTgramply dichraig eSSz ope

obj ecti V?nd tﬁ&?d&&ﬁﬁ% eéaﬁ@%a&reavwmn FHﬁoBQEﬂ&S&é’C@D defiRio?PIfdlsi ve 1 nto an
array spots in focal plane of the objective. Each spot in the array

scans anembodiinemsa @sze@epﬁfl@tléuseééormaclmhaan@abﬁﬁﬂ@ blw@!ﬂ“@aﬁ%f% each npved at
const ant | r scan axi s.
Fl uor escg}nljﬁ il °ﬁ§{°at? éﬁg?nl%t ¢ gg(ﬁg%}& hielﬂglg%yg&@gﬁ% +f]ﬁ§ y t he

obj eqi Vﬁ;gis&aﬁon crfalssmdlviduatnmgd*r imaghisC Biences this ¢ntexdirpend prosndesraged onto the
surface of a ctor that ha een on aII divided into a bin
of pi xel Bugchangel l%g% E@tmt n qﬂé&&’? 8ﬂ‘fe?a§§°pt%ﬂ#¢)f"ésd FBPY hat i npi nges
the CCD Qéﬂtl%'llg&(tﬂfchﬁﬁkﬁ’né%hs binsdimensicis}, eah@%anmengenechmﬁcmyrcoﬁmmﬁu ons as a
confocal aperturé in which the confocal depth of focus can be controlled

si nply b(bycrhangingide sise obs eordoqabapsrtyied. The greater the area of the bin, the
greater the depth of focus. 5 The nulti-spot systemcan be used for

mul ti channel  pigrRg 1I|R)étrﬁlt'c§’b|q:' dnhddlifent bf e irfvemnlwiRie $ Sserextitdtioni ndi vi dual
wavel engt hs--using, for exanple, dichroic filters-- and then directing each

c onpokse ntpaksare lenemated, then aefinsied o8 an excitation dichrqig ontp 4 BAIAROMELEHSEAR nent, a
differ e“h\ &&3 txfm}éfff%‘dref C%Bg?saa?@cm&%%usn@ﬂé%é iAGerion frQRATENS damp, for each
enti c

CCDis i are periodically read out in synchrony to
mai nt ai nApsrdegpeibed below, the present invention includes any system with more than one spof.)
Specifically, excitation light 11 provided by a laser 50, is passed through a laser line filter
52 and a multiple beam generating optic 54, generating three laser excitation spots. The
20 three laser excitation spots are then passed through a lens 56 and an excitation dichroic 58
and are reflected by a galvonometer scanning mirror 60. The scanning spots then pass
through relay lenses 62 to the entrance pupil of a microscope objective 64, and are
focussed onto the sample 66 (scanned into the page). Emission light from the sample
(three emission rays) is collected by the microscope objective 64, and retraces the path of
25 the excitation spots back to the dichroic filter 58. The emission light passes through the
excitation dichroic 58, a focus lens 68 and a long-pass filter 70, and is separated into two
wavelength portions by an emission dichroic filter 72. The two portions are then imaged
by a focus lens onto separate CCDs, (CCD 1 (74) and CCD 2 (76)) wherein each CCD is
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.



10 registration of the individual color inmages. Hence, this enbodi nent
provides a multichannel M.SC instrunment in which the confoc 9 Eﬁﬁtﬁ gf
foecus is conputer- controlled (by changi ng the bin dinmensions) t 8 t han
bei ng nmechanically-controlled (by changing the size of a confocal
aperture). FIGURE 2 illustrates one enbodl ment of the invention where 3

| &ser excitation 15 spots are generat®d, then reflected off an excitation
di chroic onto Iapﬁ¢wmﬂ@wn§cgﬂ linpdriarray of lasen spats 82 excgfay emissiepbem are
chosen t a escri bed

bel ow, Sénlqseigtgﬁt ﬁ"ﬁ%%fg&{‘}‘%%% (ﬁo‘&ég‘ 5%&8@&’&@{.&% ?%E,es OtsA? l%n one spot.)
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three | & eﬁac}é%’it et s&%b‘?’%t eael:riﬁ aP‘h‘?cé%gsla ‘gééh‘? g"é‘qu%hagﬁot sgare theng

passed tlnaddhaly tROSanRAemdik afific ais&mwsdtwébndh@wow cThe8amplRGs Mbeed ef | ect ed
by a gal vonorreter scanning mrror 60. The scanni ng,@spots then pass through

rel ay | erlergsthe 2rtheganhleaxisftdrta thedagsn ppdt seen axispilbisds dlypeateshychematicallsit  and are
f ocusse e nlight from

t he sa df ‘g@%gégﬁ%% %%ts Sﬁﬁ?sﬂ%ésiv%g al?a’h? gﬁgg«‘% lgﬁ@?‘}ogcope obj ective
64, and li@izonalp. Heeceptht kblﬂfve%ﬁottdmloaxmctsatsawmm}ppnt&nb% k As thetspet di chr oi c

filter 58. The em ssion light passes throu C t|on di chroic 58, a
focus | e#Eaya8 SeaRCdaqoss i am. g le]%yltﬁee?ca’?‘ﬁ“g 5&‘6‘“ ‘E@%Sﬁ"rg{: PHSHS t wo
mve'l@ngﬁého@%ny A8 oty TR tiThS 6f 1AI3 reddcdut ep&atidnl de&imﬁ)%s thEfpixel ¥ige POr ti ons are
t hen i maged a focus |ens ontolzﬁgar ate CCD 1 a;él&ﬁ and CCD 2

(76)) vvh%lpecam imensi@r ltesnatiyaly (FIGURE AB),: f'othfeﬁtsé%ts B AT FET thegord and 80.
A schemilyl e LIdE odlhat? 88! The Sb6 afe Bl acils &@Qoﬂgrgmwmt i's

partitione ree rectang cont Bins is FI GURE 3.
19 FEB 200i3n oft®spat rquches dhier start Eainpommmfshe mdxesnd,rtmanmlfrlayhldﬂed $@ser spots
82 excit rom the sa nl n deV| ce 60

r ot at es @@bﬁﬁi ‘ﬁ% SPﬂéIaftﬁg?Pmé’ES?‘gnFJrﬁf Rrnga ?tggﬁl Ont lagt%Bar allel to the

|'i ne 1@ef i nedsihe Jolepratéedy, eath laspkpot gIﬂi&atésta-lDmgéltlﬁefslaeqmtedrby tif each spot
i s chosen such that. each Sot scans_across .a | ength of e sampl.e that is 5

appr oxi nEQEFPOrIRE WaRETF fletector, rfbe fnages fom ‘5‘8 fi%oéﬁ'tlfeﬁg OB EBrhe sanpl e

i s movedor gverlap only slightly. When the scan is complete, the individual images can be joined

together by a computer to provide a single seamless image.
Any number of spots can be used in the instant invention. The advantage of using
20 multiple spots is that lower laser power density is applied to each spot, minimizing
fluorophore saturation. For example, each spot in a 10 spot array has 1/10"™ the power
density of the laser spot in a single spot system using laser sources of equal power.
However, each spot dwells 10 times longer in any region of the sample than the single
spot system, so that the total photon flux per image pixel is the same. Since all 10 spots
25 are excited and detected in parallel, the total scan time for a sample is the same in either
case. However, by using CCDs as light detectors, significant enhancements in sensitivity
result. A CCD can have at least 3 times greater quantum efficiency as a PMT; moreover
using a lower excitation power density can give a significant increase in sensitivity due to
the avoidance of saturation, photo-destruction and other nonlinear process excitation.
30 Thus, the multispot system with CCD detection can be 6 to 10 times more sensitive than a
single spot PMT system operating at the same scan speed. This increased sensitivity can

be exploited to shorten the scan time, so a multispot system can yield comparable images



al ong the orthogonal axis 84 to the |aser spot scan axis. This is
illustrated schematically in FIGJRE 4A, where three spots SCﬂ@FFB %m
veértical axis and the sanple is noved horizontally. Hence,

spot notion traces a sawtooth pattern 86. As the spot array is scanned
across the sanple by the scannlng mrr device, the CCD bins are 10

periodically read out. The. tinm. f tnlls r d oyt —operati.on erm nes the
pi xel si RAH %/Hg le SpRt sYterpy @%"RN"P%PW&[ ?\f@“@"‘("ﬂ &%E“ Igpot &ﬁ?e t hree
spots 82syidin dn Ghi¢hfte AlthoGaRaktan fa ds hﬂ: ﬁ.@gm!\;m)t SREBITBOE wididbe ablk@ospot s are

scanned 86 across the conplete sa en one spot reaches the start
scan posHPetEgsmssioniatepwties tgi}i@tcon‘f O%RM%SIP&‘C Wﬁxsﬁ%cw ntidgteckate fir st
spot sta i t r | ast spot.
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acquired by the corresponding bin of the CCD detector. The images from
each spot either do not overlap, or overlap only slightly. Wien the scan
is conplete, the individual inages can be joined together by a conputer to
provi de a single seanl ess i nage. Any nunber of spots can be used in the
instant invention. The advantage of using 20 nmultiple spots is that |ower
| aser power density is applied to each spot, mnimzing fluorophore
saturation. For exanple, each spot in a 10 spot array has 1/10th the power
density of the laser spot in a single spot systemusing | aser sources of
equal power. However, each spot dwells 10 tinmes |onger in any region of
the sanple than the single spot system so that the total photon flux per
i mge pixel is the same. Since all 10 spots 25 are excited and detected in
parallel, the total scan tine for a sanple is the sane in either case.
However, by using CCDs as |ight detectors, significant enhancenents in
sensitivity result. A CCD can have at least 3 tines greater quantum
efficiency as a PMI; noreover wusing a |lower excitation power density can
give a significant increase in sensitivity due to the avoi dance of
saturation, photo-destruction and other nonlinear process excitation. 30
Thus, the nmultispot systemw th CCD detection can be 6 to 10 tines nore
sensitive than a single spot PMI system operating at the sane scan speed.
This increased sensitivity can be exploited to shorten the scan tine, so a
mul ti spot system can yield conparable images 19 FEB 2003 10a



to a single spot system but in significantly less tinme. Alternatively, the
mul tispot CCD system can operate at the sane scan rate as th|‘§ |_ségql(’ﬁ:,spot
system but will be able to detect em ssion intensities that “a
conventional PMI single spot systemcould not detect at that scan rate. An
even further Wa9¥ht0dhe of using |low | aser power densities i sPERYS¥39 FEB
2003 WD 00/11024 PCT/ US99/ 19374 11 allows the use of fluorophores that
saturate at conparatively | ow power densitliles, such as inorganic
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requi re sophPreferably thereawidl herbetresw 2 and HOi spats ang sroemprefesably brtivgen § pad
aperture Si z By 15 contrast, a CCD bin can be changed sinply by
reconfigL} in‘gmt he CCD array using a conputer. The use of a CCDin M.SC is
a significant inpysiug OO biayss copfocal mpatures\it 8Substantitlradvance slue kmtheaelativeMr f or

| i ght detection, Th i ol.ogi.cgl fl.uid hat b :
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than 10%{n {AGted DS binhn B caRfedStiii} b9 TABRRKrg the CCD array using a

computer.
The use of a CCD in MLSC is a significant improvement over prior art MLSC
instruments that use PMT for light detection. The biological fluids that are assayed by

MLSC auto-fluoresce and can absorb or scatter excitation light. The use of fluorophores
20 that are excited by red light (such as the 633nm line from a HeNe laser) reduces these
problems and allows MLSC assays to be performed in whole blood. However, PMTs
have a quantum efficiency of less than 10% in the red portion of the electromagnetic
spectrum, leading to poor sensitivity when these fluorophores are used. By contrast, many
types of CCDs have quantum efficiencies of greater than 80% in the same region of the
25 spectrum.
As mentioned previously, current CCD detectors have a lower data read-out rate
than PMTs. If a single spot is scanned over a sample and the emitted light imaged onto a
CCD, the CCD would have to be read out sequentially for every single pixel in the image.
By contrast, the multispot system provided by the instant invention 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



spectrum | eading to poor sensitivity when these fluorophores are used. By
contrast, many types of CCDs have quantum efficiencies of gre EE Bﬁﬁ@ 80%
in the sane region of the 25 spectrum As nentioned previouéﬁ%, B nt

CCD detectors have a |lower data read-out rate than PMIs. If a single spot
I s scanned owadooa168nPl € and the emtted |ight inmaged onto apcfA#dsndire CCD
woul d have to be read out sequentially for every single pixel in the image.
By contrast, the multispot systen1provideq2by the instant invention can

si mul t aneously 30..acgujre. data far X pixel re i s..the nuabear.  of
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excitati o systemwith spectral analysis on a single CCD In certain

embodi ment S.’M{i"ltiPﬁie T&LF_srq%chéi ti .teﬁp&it{jgé&hﬁl%g%ﬁ% ohggg{gn-gs@é a sanple. In

these enbodi e r the sanple, and
emtted |ight islincagirdembsdinestsra diegle €6BVie psafoomaltichanaelimagingode al

apertures. The | ayoyt 15 of the array . of apert.ures I ayout of
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15 of the array of apertures parallels the layout of the array of laser 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.



t hrough the aperture, each beamof emtted |ight may be passed through
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laser 50 is passed through laser line filter 52 and reflected onto the spot generating optics

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



second "slit"confocal aperture oriented in the opposite dinension to the
mechani cal "slit" aperture. As a result, the final inmage i s_‘ggiﬁggﬁb in
bot h di nensi ons. The depth of focus 15 in this system can be gd by
coordinately varying the width of the nmechanical "slit" aperture and the
wi dt h of each CCD rectangle. FIGURE 5 jillustrates schematically one

ehbodi nent . usi .a.slit erture agg 333 ncav rab% f.0 mqvelength
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passed t QU shétsBAn dikdeBon isldeficted 2 atidledchichfeddatkhorlyOanldhie #fpedal gener at i ng
optics 20 54 -by mrror 88-. ree |l aser spots, are generateg§$y spot

gener at i anjs providessspaisldnformationi1df. The spey sqag direqtiongpdepigied by g %o a
dichroic_fil j LGRLQI G : ots on a scanning
gal vanonﬁqéev?ifné?'?%}w %ﬁﬁgﬁ%@%ﬂ&eﬁg"i“ﬁ@%ﬁ@@%ﬁﬁ@%% vo relay lens 1
(96) and 2 (98) to mrror 2 (100), so they re-converge at the entrance
pupil of the mcroscope objective 64. The objective focuses the spots onto
the sanple 102 and the 25 light emitted fromthe three spots is collected
by the objective 64 . The emission light rays re-trace the path of the

| aser spots to the dichroic filter 94 . The em ssion |ight passes through
the dichroic, followed by the aperture | ens 104 which focuses the |ight at
the slit aperture. The focused |ight 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. Em ssion |ight
rays that pass through the slit aperture then fall on a concave grating
110 that re-inages the spots and wavel engths onto the detector 112. In this
illustration, each emssion light ray is spread into nultiple wavel engt hs
al ong the 19 FEB 2003 13a horizontal axis. Thus, the horizontal axis of
the CCD provides spectral 114 information 116. The spot scan direction is
depi cted about each emtted light ray, and the vertical axis provides
spatial information 116. The spot scan direction is depicted by a double
arrow 118 and the sanple scan direction is depicted by a single arrow 120.
19 FEB 2003 WD 00/11024 PCT/US99/ 19374 14



FIGURE 6 illustrates schematically a 625 pixels x 488 pixels CCD |light
detector that has been configured for a 6 spot systemwth 4 iggﬁti |
channels. The CCD is divided into 6 rectangul ar regions, and @(}I on
i's subdivided into 4 spectral bins. As in FIGJRE 5, the hori zontal axis of
this CCD prowydasispectral information, and the vertical bSuspRYisges
spatial information when used in conbination with a vertlcal y-oriented
confocal slit aperture. The height of each rectangle in FIGURE 6 can be
adjusted to vary optal, axis.
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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



30 electronically. Rather than physically noving the apertures, the
position of the bins on the CCD can be adjusted in order to |3_5¢J%§ @Jﬁ']
each bin is in perfect registration with its 19 FEB 2003 1512 B di ng
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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 will move 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 reciprocating device such as a
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



can be used to spread wavel engths over the array detector orthogonal to the
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devi ce, @he butputs opthemenltiple fihers opfibeg bupgles,gould example, in
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-resolved spectroscopy systems
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 inteWals 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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filter 148n@fchtWthleR6itatidn bHeﬂcdﬂlgﬁtQ‘fonﬂﬁﬂre&B&sa6n&1e\mﬂmm1heelasm;bwmu ng mrror
152 to t e entranceog{pll of a mcrosco Qbj ective lSMg t he

| aser sppassesthiougka dichfoiafilter 148ang s israee %“t% eonfecgl bip hAft | uor ophor e
F1 (158) .gng .k gan(n?r%%lrt%? fadd ?@3 anE % sQdad re%'ianﬁ“tl%Sdaﬂﬁbletlls FReivasSt ant such

that the"frucrescence emtt romF1l is practicall é} coincident with
exci tHf | emcntahmnﬂbmlmatxghtl64 r AtsomLt=rleF2 whieh wes exaited iplhe firgreaitiedtithser beam

passes thr a dichraic fllter ) snkpcal bin B
1 162. amﬁgi”’pﬁ@“ canfirhg hﬁ1$?arno"r"§rﬁ g‘e??ec e , aqﬁhﬁesecond regl on of

t he sarrplu?c light {xﬁﬁ(ﬂdlww&@ bwzemﬁssmus o coinkidentrveithi the laserpathdl Ase result, =1, F2

whi ch was exci

ed inthe first re 0 sa e at Because
t he scan tha fiyoggscenss frgay F%follays g og Sﬂﬁ?ﬂ%ﬁ@?‘nbl’ &gpczgﬁt&wmédl_gm&%e li ght path
fol I owed Oyiifedo ¢l x%§de9€le fr&nﬂ‘qt LG#ht %hﬂ@fﬁan%bhldctw Hyaaaseparmtmmm a result,
the fluorescence fromF2 follows a path that |s%wglae ?ﬁf
pr edel £r him&a 1eBpamihe CC& dt ik be W@FWM@%E‘) an be qef é o4 h8m F2 can
be col | e%éﬁ? hnb%rdé} Jg%gfa[nagdgltﬁgglft%@inteléalsbhﬁw d%?an@@get“@éh ihb@m@@- It will be

under st 00 I'tironal bins can be defined on ﬁ
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 afier excitation of that region. As an alternative to pinhole

apertures, this embodiment can be performed using optical fibers. The core of each fiber



CCD in order to obtain additional tinme intervals. The di stance between the
bins (at constant scan speed) determnes the tine interval q§gﬂ§$aosgch

f1 uorescence neasurenent event. In other enbodinents, a nultisp

excitation array as described above is used for time 20 resolved
measurenents. In this enbodi nent, the gCD is divided into a matrix of bins.
I'n one dinension, the bins provide p& ftional information for the enitted
light. In the other dinmension, the bins provide tine-resolved fluorescence
measur engid #s-a piftiol& ¥ad e Gighetransnstied thrb@gh the Fibers s defvérbd @emuitiple- r esol ved

measurenents for each 10. .excitation, |aser spaqt woul onprise a |0x3
array of PME®D Hr Reforerthe spagiambstyeen the ilugunptad et‘?d@gﬂlet?@“?g fi%ﬁrcfiependent ly

vari ed | fughfifs ki R ABefief Eichfholealenbnbdshiiniin. [ THOEABERRGR. | n ot her

enbodi ne time-resolved spectroscopy is perforned using nultiple

pi nhol e isokistetet setpenaticallysn FIpUBESA thxditation hightokl;, peavided bz daseriY4 isoper at i vel y
coupled to Jight detecti icgs. 1 The spaci confoca
aper t dr eEasﬁeéittb&’H\glhg?‘cSFPéc 8@?&2“1’ rﬁﬁ%cmi%%ogaosrcaqrﬁ@ n'rnﬂﬁg ﬁzg’cv@%g %ﬁ %gdgs ur ement
events. RfsdsN74 Reartstietiverns 176wl fecused Sflo (HelDapledl, 781 Mhe emidsion Hpletl  pi nhol e
confocal apertures are scanned gver a parfti ulaﬁ ggglon of tge sanpl e at
di f f er ents reflepted byramajras180.passey r%aghtarﬁ%&\*swggq“é 82 and'then tyroughils i ve to

pi nhol e b bl SFEpRs TRA bnte PM P Eet8R6:s @8672d Using optical fibers.
The core“@ﬁﬁgéghﬁﬁfﬁéﬁbﬁ% FEBQEggBBn§7a ac?s as a pinhole, and the |ight
transni t t edirt stilldughertemboflinteatsstiing reselved Buergscersersneatioptopy ippgriormedingef or e,

t he spaci ng between the il ) . LEA .. T term nes
the. thime iR e B ok A Y SR of e il GRLEER cplt (b SO O T Y
is illust]@iaph cstodimdnts alid i done Wilg :REriSs offpintiolcsdpiectnres thghare imagedr ovi ded by

| aser 50, is 5 passed through a dichroic filter 170, reflec ff of a
scanni ngowsrthgiampleas qeﬁﬁ"ﬂ?ﬁg %bor"é |ah9‘?£{°8w§8%5 %b'ﬁi‘dtaé"%e lagsr gé‘flf"\?/ign ?pé) s 176 and
focused onto the sanple 178. The em ssion light is reflected by a mrror
180, passes through a focusing | ens 182 and then through the nultiple

pi nhol e confocal apertures 184 onto PMI detectors 186. In still further
enbodi nents, tinme resolved fluorescence spectroscopy is perforned in 10
tandem wi th em ssi on wavel ength spectroscopy of the light emtted at each
time interval



In certain enbodi nents, this is done using a series of pinhole apertures
that are imaged over the sanple as descri bed above at differ FEB'%%
behind a single | aser excitation spot. 19 FEB 2003 WD 00/1102%

PCT/ US99/ 19374 18 Emi ssion |light that passes through each aperture is then
passed t hrougo@bsfgssal optics-- such as a concave diffractpOfugdoabifg or
a prism-that speed the emtted light into its conponent wavel engths. The

conmponent wavel engt hs from each tine inter1 al are then inaged by the

di spersal opti.cs gnto a separate recfangul’dr region,of a ) erein the 5
ong ax s oFmiTon R SgPe s R Atk APDs B anSoa Ponih kel ORbCEr 1 1 o
l'ight was spihada coheiR dﬁﬁﬁ@&f&negrraﬁ@ro}urﬁsmtm@eaﬂmé emited GipAyiafotts
rectangul ar region on the CCD. The i ngl vi dual rectangl es are subdivi ded

al ong t hei r compepeakwavelenethss Jhe compongniwavelengths fram eaelt inginterya| @re then each

aperture f ayg;é%?g%gl’xé ?ﬁé&sﬁ’ Bgc?]cts:ogﬁ;aapér@g%l/rlﬁi ‘?%ﬁﬁﬁ?ﬁggﬂ%% CEB) Wferein the€VeN

further enb I nv es a net for performng 10
mut i spot & i hengraxisaifithelretlangle éssmealicbtoghentis dengwhich thetemittedrtight whs spread.

fl uorescenc m.ssi,on vel engt h, spectrosc .. This syste u ions in

the same m@a&p‘f‘ﬁ%leﬁﬂflﬁﬁgﬁd{’apgﬁ@fo °peﬁ‘aﬁeﬁ°°§£{g8]r?f§§%ﬂnoél§?ﬁag bﬁ?‘%’ectur e, as

descri bed abheN@dudio¥@iiles drdsuBlidfled klonp eHelrQbip dxelBrto speatadl big, Aidakair enent s,

the system has a series of slit apertures that are imag_gg over the sanple
ler}g ~deps

at tine intspigad Hehdrm gachippertre fallsoptothess bins in p wgig THFGIR each
aper tur e 15 i s 1fconpashe: diiddihdrts, RRTRRARDS pitoide] £REhbsfhpertbamaged ont o

spectral bins arranged in rectangles on a D, wherein the rectangles are
or t hogont0 | ynwispetrtinaetrasolved Bueroseerssapeatioseopy in tandem with fuerssrsace gmifuion

separate CCDs a ' ol iﬁﬁ[ﬁ' HH.IQ]QS dh e MnlhispoP&sRed!
aperture; hé‘ﬁaélgl,reg%tﬂtss rcé'té)-gg pg?qugn ?q%rhra |8’?\sqv\ou 8"‘?3@3. ret rés Cg:s)s In

ot her enbodiitemtanfoanl slitrandhitecdid, assiessibdd noveripeevdian|ordghto parfomndinte-of t he
apertures. The

20 in thi en%?rg'nent.mlgbe cong i | de a
matrix of rdEWNR I“é"sa;s“@%ﬁtsa%% PEIFPLR sef’??é’gé ! ac?ﬁ?%re%ﬁ‘ﬁar }%Sa 2 oVer tho (or
colum) of ragbRWhiak Akridfochind theldkdRation spotBILigh(Fassingtheotigh eschoapesturen t he
position, tinme-resolution, and spectrum of each fl uor esepce_en ssion
event . 195 FEgdispersed 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 rectangies on the CCD. Thus, a single CCD
provides data on the position, time-resolution, and spectrum of each fluoresence emission

event.



19 What is clainmed is: 5 1. A confocal scanning system conprising: (a)
nmeans for generating and scanning over a sanple along an aX|s a Elurallty
of spots of excitation light, wherein em ssion light is rel eat® d
sanple in response to excitation by said spots; (b) a spati al fllter
conprising a rectangul ar aperture, saig spatial filter 10 positioned such
that said emssion light is inaged thereupon; (c) neans for dispersing

em ssion |ight that passes through said spatial filter into its conponent
wavel engt hs; and (d) a CCD positioned such that said conponent wavel engt hs
are inaged ﬁﬂﬂ&hsl5 wherein said CCD is partitioned into rectangul ar
pi xel reglons ort ogonal to said spatial filter such that each rectangul ar
regi on receives a portlon of the em ssion light resulting fromthe
excitatiin Ef sai d sa one of said spots; wherein each rectangul ar

region i bdi‘gf%ﬂép °8H‘§‘ngf%s“i“6ﬁ(§“%3ﬁr§ into at least 20 two spectral

bi ns such that (gacheameor géhlcrdﬂhgaﬁ&écbﬁﬁh@o&rdlsirﬁﬁéarbhg afi @R @phntlitpavel engt h
of said portion; and wherein the dinmensions of ch, said rectangul ar region
are chosen such t hafsposafgxgtstion Béhtcwhﬁfﬂf’%%“@m@éf’éﬁe FIs§HPY $49m a
predeterm ned focal n(ii;ﬁmrhreggonsé chl%BRb§sa13§po¥s A systemfor tine-resolved
confocal scanning, conprising ?a nmeans” f or gerierating and scanni ng over a
sanpl e al ong ar(b)axaspamabﬁkbfn cornprlsngiafefcwagmlamcﬂum saedispapialtfdtenf excitation

l'i ght, erein em ssi.on li ght d in response to
excitatidn by sai dPRPUIned s%tbﬁt)smge 'Ss?% ‘@%o‘f‘%onﬁ%e Oﬂapertur es, each

sai d confocal gper ticass fbﬂslvspermgelm&aonhglatthaephssssi throulgh gaitl spe&mhﬁltarng from

excitation of said, sanmpl e by one oI %
into 1ts component wavelengths; and

(d) aCCD 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;



spots is inmaged thereupon by said scanning means at a predetermined tine
following excitation by said spot; 19 FEB 2003 20 (c) neans 5 L
detection operatively coupled to said confocal apertures. 31 %Feééggem of
claim2, wherein said nmeans for |light detection is a CCD, and wherein said
confocal apertures conprise pixel binggon said CCD. 5 4. A confocal
scanni ng system\co ST X i i i to direct
energy toward g& )f i gg%ds?gg?%lﬁa%{?&%g 0&%&%‘%@;@6& fcgig? ?ag(glf;&g%%éleiqéﬁgﬁmsyst em for
][n_sflsur:j_ng fl ugr esc_encleI of the sanple induced 10 by the energy; a spatial
iler dispose tic y.between the s e an ti tion
systemto Ifn‘i toﬁﬁéyﬁgﬂé’&%é@lm?’lw ef%%éme%cgge soéﬁﬁgqaggtgg%gﬁgggg?ghﬁ regi on of
the sanpl ewhaéd ssid eBebed iapenueawpmprigy fiket bamengyid@dDvery system and the
spatial filter to the 15 sanple so that the first and second regi ons scan
t he san‘pﬁ e sequentially. 5. The systemof claim4 wherein the nechanism
scans the fjirst RpchiSQE Magning SEktédMSordiristgspeed and with a di stance

t herebet ween so that the fluorescence is neasured a predetermned tine
after the energyn excitasion Thesey; Jelivery system|ta piagch cgrgy eurrd:H st jegion ?a
plurality Oz{saif??et'i al filters, the spatial filters conprising pinhole
apertures afigned so that the fluorescence is neasured at a plurality of
times aft elr t he amrptical de@&tioh. sySibm feryrseaswningf fluprescencs ofithe sample inacedher gy
conpris aser energy. 8. A confocal scanning system conprising: (a
means ft g@n‘gf’ﬁﬁr% and scanni ng over a sanple aypl ural i trry of sgotg Z)f
exci tation |i ghtaspaidfigérilispoiedwipticallyibgineen therseplasied theyopscal detsetimpl e i n

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.



30 response to excitation by each spot; and (b) at |east one detection

devi ce positioned so that said emssion light is imged ther pgg,zo\(s{gerei n
at |east two spots of emission light are imaged sinultaneous on ‘one of
sai d detection devices. 19 FEB 2003 21 9. The confocal scanning system of
claim8 wherein 3-100 spots are generagfijed. 10. The confocal scanning
systemof claim@8 wherein 5-25 spots are generated. 5 11. The confocal
scanni ng system of claim8 wherein said em ssion_ |ight conprises nultiple
conponent wavel érgtcrafocalzcaming sysiamed ahaxr%éavthr%3é9gﬁm e sencate 11,

further conprising neans for 10 dispersing said emssion light into its
conponent wavel engths. 13. The confocal scanning system of claim 12 wherein
sai d means for Thiespeiosdl scannigisgstanios slaion8 whgiein 3-25 spats are genepaserent

wavel en%hs is selected fromthe group consisting of a dichroic filter, a
prism d a grating. 15 14. The confocal scanning systemof claim 11

wher ei n eacfy CoHRQBsBEal\WeMBINRRYIEM of SlaitTBgAGreit ¥all @nisapalight eolptiget i on
device. 15. The confocal scanning system of claim 11l wherein each conponent
wavel engt h 20 muytiplaseaponsat wavclagthane det ection 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 claim38
wher ei n sai t. atTheeasfocaseandagsysterof cldiav i L duithker spmprisingmeansder or

titi d int | tiple bins,,. j i t ti f
21 d et on R e iR SRR neBRAET, 2001 EY one of

said spots. 30 18. The confocal scanning systemof claim 17 wherein the

di mensi ons of each bin are. selectedq such.that. saidd Qor | of) is.fromwthin
a predeter n-i%ed”l‘he(gegﬁoc%}éﬁqrwr{gfsystemo 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.



said sanple. 19 FEB 2003 22 19. The confocal scanning system of claim8§,
further conprising an aperture for limting em ssion |ight p@ﬁ%ﬁqzotolgrough
to said at | east one detection device to emssion light fromwTthin a
predeterm ned focal depth of said sanple. 5 20. The confocal scanning
system of claim 19 wherein said apertumpe conprises a pinhole aperture

cor respondi Pg e @8510cA ROMnnBlg s§&t SF OBink 8 Hkther 2dmpritifg 8P Rfeaead fosCanni ng
system of claim 19 wherein said aperture conprises a  slit aperture. 10 22.

The confocal sdimitingemission dehtppssingdhiongotagaick ailgastone detgpign dsvice &onpri ses
two spatially TNt ' for i Sarfo18li St nct
aperture di mﬁ?ﬁ%ﬂd’nq@gggﬁwwgg gg%?éé%ﬁﬁ%dcg?\%?ﬁgmgystlem@ claim8 wherein
said sanple conprises a blood sanple contained within a capillary. 24. The
conf ocal _ scanni system of . cl aim 23 wherein said. capillary I ransl at ed
ort hogoral b t cgﬁﬁﬁé?%isﬁ'ﬁ?’}’é? Cllai"bﬁufwﬂﬁrﬁmzﬁgl.dal’ urgga%gg% tascanni ng
system of cl ai migddieMjRftBletofdipdndR®toSeath spx 6f émiséiomlighitght 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
inadir eCtﬁf).n.ﬁ%rcgﬁﬂgélQUAr@fn tsgst&g%f 8ins 19heRisafPdpetthrd c¥mprdes aThe
confocal scanning systemo (,gl I'm38, further conprising a m croscope

obj ective. 30 28tapeereconf ocal scanning system of claim27 wherein said

exci tati/(gn light and said emssion |light pass through said m croscope
objective. 29. The confocal scanning systemof claim@8, further conprising
one or noref.i bpfe chAfobABcAMBP 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.

A}

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



23 optics to transfer emssion light to said at | east one detection device.
30. A confocal scanning systemconprising: (a) neans for gene‘:]ga'gégqoagd
scanni ng over a sanple at |east one spot of 5 excitation |ight, Wwherein
em ssion light is released by said sanple in response to excitation by
said spot; (b) a confocal aperture onl}\r/)!hi ch at | east sone of said em ssion
light is 1maged, said confaocal aperture conprising.t spatially separated
aperture devi c@BticsdqangeranHssie &g fosstaf%geaé%ﬁdﬁﬁcg“%%}%i on; and 10 (c)
at | east one detection device positioned so that at |east sone of said

em ssion light is inmaged thereupon. 31. The confocal scanning system of

cl ai m 30, wHer &\ eordoqal spaniting yystem eqIeRISingE  excitation |ight are generated
and scanned ov sai - ' LSS j | eased in
response to engrl)t a?ﬁ%‘ﬁ%@%ﬂ%%@ﬁf@%‘%@%@?@gF‘sl%?sr‘rgggﬂ&’éf’ﬁu| t aneously
on sai d set ecti on deviatien ligh?, whilnein emistioo dilghtsis eateasetbyssast sampdd inc| ai m 30,
wherein said aperture devices . cqnprise a nechanical aperture. 20 33. The
confocal scanni ng KFRAMSFIGPCEMioNRBY$Id ol oi n sai d mechani cal aperture is

a mechani cal slgy a6 perfife onlWRicE fTe4¢ Sdméefaid engssoslighnisof ¢l ai m 30,
wherein said aperture devices 25 conprise an array detector partitioned
into mul tipl e bi nsimasd, spiskconfosplaparturs camprising Bynspatiallyseparaledy 34, wherein
sai d array detectop | Q2 AQindbapekhe dRBLRERknECanni ng syst em
of claim 34, wher e%%é@éfdofvgg’)legg{s@ong addgt ector devi ces conprises said
array dpgector.(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.



