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CROSS- REFERENCE TO RELATED APPLI CATI ON [ 0001] This application clains the
benefit oWOUnitee28t at es Provi si onal Patent Applicati onPCT/USe0106471288, 534,
filed August 31, 2009, the contents of which are incorporated herein by
S5reference. BACKGROUND OF THE I NVENTION 1. Field of the Invention [ 0002]
This invention lies in the field of henocytometry and systems in general
for the counting of biological cells suspended in fluids. The focus of this
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research procedures, including the counting of |eukocytes and erythrocytes,
which is of value in the diagnosis of various di seases or abnornal
conditions and in the nonitoring of patients that are undergoing 15
treatnent for such GROISKREBERENCE TQORELAFEDARRAGATIONNt ed nanual |y by
pl aci ng a known dilution of a sanple between optically clear plates that
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of the Ixy %1/@8 ﬁﬂs ek @shs€ld 112069, QRG cdreras kMwhich argncdrpomatdddrreinby
counting the cells in the rragnlfl ed area through a mcroscope. Manual cell

countder srefdrermes. 20 i nclude a grid inscribed in the counting area to | essen
the burden on the user. A description of such a grid and the procedure for
its use is found in Qu, J., United States Patent No. US 7,329, 537 B2,

i ssued February 12, 2008, .ﬁ:ﬁ) Q’%ﬁli tic Optical Film
Device for Cell-Based Ass%?g@ﬁé%ggghél ess Ylﬁow |ﬁ I's done, nmanual cell
counting is tedious and highly vulnerable to user error. Counting is

commonl y1 . arged oPtheUnvétich hi gh dilution of 25 the sanple to | essen the
nunber of cells in the counting area, but the accuracy of the counting

e TN A A 8 ARty Sha Sy gt gt e
pr ocedur gsuniag obBﬁ)ﬁb dicedl eclpasmspanided hyfluitie Tﬂmfooﬁs off thistinyentinadd onawymaies. An
exanpl e of such a stemis |Imaged, a Java-based i nmage processi ng program
deve(bPe@ﬂhﬂmpﬁég ?%%al Institutes of Health and reported by Collins,
! ;YH %eegcription of the Prior Art
[0003] Cell counting is of interest in a variety of clinical and research procedures, including
the counting of leukocytes and erythrocytes, which is of value in the diagnosis of various
diseases or abnormal conditions and in the monitoring of patients that are undergoing
15  treatment for such diseases or conditions. Cells can be counted manually by placing a known
dilution of a sample between optically clear plates that are sufficiently close to each other
(typically with a spacing on the order of 100 microns) to form the cells into a single layer,
magnifying an area of the layer of designated dimensions to a known magnification, and
counting the cells in the magnified area through a microscope. Manual cell counters often
20 include a grid inscribed in the counting area to lessen the burden on the user. A description
of such a grid and the procedure for its use is found in Qiu, J., United States Patent No. US
7,329,537 B2, issued February 12, 2008, “Micro-Pattern Embedded Plastic Optical Film
Device for Cell-Based Assays.” Regardless of how it is done, manual cell counting is tedious
and highly vulnerable to user error. Counting is commonly aided by using a high dilution of

25  the sample to lessen the number of cells in the counting area, but the accuracy of the counting

declines with every decrease in the proportion of cells that are counted.
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25  counting with minimal user intervention as well as a relatively small footprint and limited

height. A cell suspension is placed in a consumable sample vessel whose size and
dimensions can vary widely, one convenient example of which is a vessel whose outer
dimensions are similar to those of a microscope slide. The vessel can thus be similar in
construction and dimensions to the vessel described in US 2006/0223165 Al referenced

30 above, with at least one flat, shallow internal chamber bounded on the top and bottom by flat,
optically clear windows, which can be plastic sheets, whose spacing is close enough that most
of the cells of the sample form a layer that is one cell deep. Appropriate inlet and vent ports

can be included in the vessel to allow the chamber to be easily and completely filled with the
2



10 [0007] FIG 1 is a perspective view of a cell counting instrunent
representing an exanple of an inplenentation of the concepts discl osed
herein. [WOQBj/BE@ 2 is a diagram of the optical conporemtis2aib/othes
instrument of FIG 1. . [0009] FJG_.3.is a perspective view of optiC
conponerf@EiPie, theevesspl é“r‘gﬁﬁp Pe‘{lﬁéh‘? ngﬁﬁmhegqﬁ,g}tgse%gaﬁ’gfaéeggfalpﬁé. 4is
an expl ofjede RadIREE BEEH Yeiote@h phitowidh A BEnEONSthéd dibh it iRdizedtidhafs i de
for use In '? ee%legtr%nent of FlI Goel. p[ 0011] FIG bBAis a.v%uéw of the_ upper
surface thé lightébeamp ethep limnéhast cosed darpises. sThadeesss] emters the insfrpgientshrqugh g vi ew

of the | ower sur.face of the upper plate of the. I ' 4.
DETAI L EDS P25 Arpertaieg Brashtdn i‘ffyp%ﬁél H?ﬁbé‘?gg%‘gfsﬁ%@%%r@%‘%{ ?‘%:gﬁ%%?&%}gl&’s%‘%et ween
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portion fhbesmplk vesskeVidto e imstfunthtl of view that is projected 25onto a
digital imaging sensor that contains at |east about 4,000,000 (four
mllion) pixels, or in certain enbodi nents from about 4,000,000 to about
10, 000, 000 pixels, with each pi xel being no greater_than about 2 x 2 pm
(4pn2) in size, or froRREFD (MPT&I%@QMaE INgSabout 2 x 2 pm
(4pnmR) in certain enbodinents, and in certain of the latter from about 1 Xx

1p 1p t o . el i J gl%qm
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nmet al oxi de sem conductor (CMOS) is one exanple of a digital imging sensor

useful f hi 2 : ! g . par aneters
[oaky) F16.4 %%gd%ggﬁgo Oreeéptfeal MPRneReSeIR AR/ of PR3 4. P

are the 0 I'mager s "aval | abl e from Comi Vi si on, Santa

Clara, California, USA Oher 5 I il abl e f | i ng,
> i vi <7 OROE" RAG; i srseeei o™ L bpocabeSairhfhin i el il "

col or di g¢fi 11 magi ng sensor can al so be used. |mage processing to count
the cells in the image generated by the CMOS sensor can be achi eved by

k nOW{]S di Rfoﬁﬁ’f %?é”i {SQ,% er{ﬁfo'&‘é&’ \S/iews, 4t Ir)]er?psec{il)& F tWE Bfa&e@ %8gstﬁlpt?1¥gea sample slide

for use in the instrument of FIG. 1.

[0011] FIG. 5A is a view of the upper surface of the upper plate of the sample slide of FIG.
4. fig. 5B is a view of the lower surface of the upper plate of the sample slide of FIG. 4.

DETAILED DESCRIPTION

20 [0012] The upper and lower optical windows between which the cell suspension is retained
inside the sample vessel are close enough that the retained suspension is a thin film whose
lateral dimensions, i.e., its exposed length and width, are at least an order of magnitude
greater that its thickness. The entire exposed area (i.e., lateral dimensions) of the sample
chamber or a laterally dimensioned portion thereof serves as a field of view that is projected

25  onto a digital imaging sensor that contains at least about 4,000,000 (four million) pixels, or in
certain embodiments from about 4,000,000 to about 10,000,000 pixels, with each pixel being
no greater than about 2 x 2 ym (4pm?) in size, or from about 0.5 x 0.5 pm (0.25 pm?) to about
2 x 2 pm (4pm?) in certain embodiments, and in certain of the latter from about 1 x 1 ym

(1pm?) to about 2 x 2 pm (4pm?). The field of view imaged by the sensor is at least about 3
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[ 00131 The image of the sanple chanber can be magnified along the optical
path by a 10 nmagnification that is often within a range of fromabout 1.5
t o about o 20r1/@602ange of from about 1.5 to about 3, w thrasscmgnufiuzati on
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that 1o DULE" RECRRE RS Bt Byfhpline PRbRE Wt opupdidaticby &
senslor imagfifichtioa tia gadfarewlteing rarge dfdrqno abduit drfetd dbeliichy o2 B rattge of éresor t o
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the curvature without substantially reducjin he field Vi 0151
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source and 'the sanple. Wth these conponents the sanple is illum nated by
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2011/ 02602R R TR RLY PATAASnaNAhétah bid fhe@perdtitelchipBe binm inediambteg i énses

Conpany, San Jose, California, USA. An exanple of a collimating lens is one
that is ©f otheridiardetensend focsl temeths tlns ayill peasdgenthefsamg opapprg¥ipately thgsame

di nepnsi ons _.and.,t.hose..of the i r I e
con uclieé‘&l?wg%betrﬁ%dl carPlpgrr?gf){oletgﬁ% S%g}e?q%g%r%g?ﬁnftigp?hggggﬁ agove ? thig
sanpl e, @¢tthel g tikeREOProfecdbyalt Mg oy tHednstranadnd und ith euppottrbasaon b plge pai r .
Wth an achromat | ens pair having a thjckness of approxj mate*ri{ 1% ntg] t he
total direraendicubaritoéarntival pathrpfenalsd 2pevs: &8 CHLDGEOnSirigtpd Wil 21 og
mm | n gen I j . [ ] i.e., defined herein as
t he arra%rg@@ﬁ{tp%r{?&ﬂﬁ%&d&%%%%g%&lgLeg% gﬁﬂiz'gg%f%%&%ﬁe | i ght source to the
CMOS or other digital ipmaging sensor, can pe 20 cm.or |ess in.heigh In
pr ef er r etPOlAkt Whstd @at\ﬁlgl%l HIR$BS JRSQATISHED ann‘i_‘tkveil?Rfe%Pi%S RO Sqlﬂ%e(g%‘{l?‘g al
co e“{h% BhSr PGS iR Jplital\PuSl BmbBLRIY £1d tb RoAedttRetdclgfisABAB S| NG
conpllant counts, to avol amage to, or m'salignnment of, the optical

syst em upbthejachirbmat kens pair.i Tikis typesftfieldouataes incommonde gpticah systerhand is

instrunment is. drppped or shandl ed ollides w [hstrument or
pi ece of QT ‘1%.35%681’8 CuRvAtIg; iﬁ%%\?éf‘tl‘feheéne%oélﬁ%%%’ %g&%ﬁfmﬂﬁg%éiﬂéw Il be
ref erredyfi@ NBRGEH D fRE BngRThRd. The lens thickness can vary but is optimally

selected to correct the curvature without substantially reducing the field of view.

30 [0015] Illumination of the sample can be achieved with a conventional light source at the
base of the instrument and a collimating lens between the light source and the sample. With
these components the sample is illuminated by trans-illumination without a diffuser. A
preferred light source is a single white light-emitting diode (LED) with a fluorescent coating.

An example of such a component is LUXEON® Rebel White, part no. LXML-PWN1-0050,
4



15slide in view of its simlarity in size and shape to a m croscope slide,
is received in the instrunent through a slot that is positioned at a
| ocat i on wbang/i2beoopti cal path that is at a di stance fromush@oneanest | ens

of the achr | ens,.pai r . to the foc | engt f th en ii.s
pref er r & aléﬁ?ﬁ%ﬁpwgﬁﬂlg&afﬂn’éﬁgﬁi%% o%mlg%\ﬂbfogg’i (ga@%m%am%c? A %gse&%%bﬂé
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i nst r unghesetdimbesiasraad thest e theipréceding paragraphs, aa iBSIFUMet 641 bhigdnsHICEd al | ow

the user to.confortably insert th I I e i the user's
hand fro‘ﬁ‘ltﬂ?ﬂ’gaf F??Eeﬁgﬁﬁir@wrpﬁlénﬁﬁig ?Ennjg)é?%gf g#m@ﬁ’emgltgf@g%{égr t hus be 60
MM o5 MofBrdxiRilely 6D MASHIE thdhidhdt lengpatr, Witdapsdienatibys pair B ingn f rom

the base. [0017] In preferred enbodi ments of the inventi on,q{hhe i nstrument

pr ovi deghiskness of apfiragimatelp 3 oe, tha taselclistancg dotieen thsranle a1d e $85505¢9™hg t he
hei ght qf t S | | 1L Qwi i ' r 1,10l : of UShdg
mvol vedaard g B it (YR 3 JREA TR (ERBIRENC, S o OHied HoRAPLE

i mage cqlné ﬁﬁ?ﬁgeﬂeﬁhbﬂhﬁBorﬁpdilwyl';]s()éxtélﬂn%sfr' crmrthsslsgm bmgbmmgbe mdﬁsNCQBZtSometztsensor.
An exanpl e of such a chip 1s_the Freescal.e m c uct or ,

avai | abl &gita| WAKBE STIPL, Cah bARRPBATHE PElind? Prelszed Inglepmes Wétﬁl%(agbsrrpl es
wi | 14 gbe s%B@é‘Sftﬂ{s 'B{?entti%g,stﬁe §éﬁéa|1 S&niy&eﬁ% O fofhfed td R RUSME intkhér ialsol ut e
di ff'erences o adj acent’ green pixefs in a particular zone of the sensor
array caflodnitig usetenssiig @nipiagecamts, tastoid ddroege tayad noisalignmmant of gee opsical

achi eved when the jm contrast value. s at a xi mum _The, f ocus t hen
be adj usscyéﬁnbﬂpoéllafé%’iogge Hstrmenly A &Y toocf’}llrewggfi B8 IRTHHEIS ARPRP eﬁﬁg

recei vi ngisiliQfled, lor & llid%s}\@itﬁr%&ﬁer"iﬂﬁﬂnﬁé?ﬁ ot @@cé"d‘)ﬂ dquipyéntt he slide nount up
or down to change t%e ocus of the image. The contrast value is WO
R

2011/ 026 CT/ US2010/ 047143 detected at. varijous i1l _
whi ch is[%ﬁién fA‘élnﬁFea Y% ﬂrﬁélfﬁ’i%‘("tsﬁ hwhﬂpiéavdiéi ﬁgﬁef?ﬁgd %ol g%e%@hgéagg rsgig.
val ug. | dhdaanyicRndraei sTRMrSty 9 sizb and §pe Wi hicroéddbs skdd, &f receisédia than occur
in 15 seconds or |ess. [00%8] An accessory that can be supplied with the

i nst r umeimstrirment throagliaslgt that Weosigionefiatia lodatop ginadhe orlif@hPa8 Halds 4% ng t he
accuracy,.of counting |ive an AN ' unment
to focustippRgFTY thepares geﬁagggx%ga&uggakgeggﬁg\r/% 1?@g%yaé%n§%th§%'nsi ons
as a sanplig pibfefted eBbdintatsp @ idftrumnanph ehokdsBe ciisr,ledshie heightp dad theaan
have an array of dark-colored spots _and rings printed on it,.the spots

si mul at i ofcp Getel imaping senrar avdeseribed above thah employp a lareg nEmper QFd’é’f‘ﬁbO’gtgﬁs or
and e ri Ikl at | Ny j Qg gi t al
"racithg oESrS isBhd Birilsdf BSR4 A Pe

her ei n, hdightfioanéw dnsuseetd eniferiatily itses thevslot bynieamtd, i.¢. ndearttigthe asars Hapdusi ng
and cell countin are initiated by the_si | e I}}&%Ergté on of the .sanple
i

slide. ThHr® thﬁratb?eéﬂn which she ipatrymentacsty Hie Yofean OB OT P9FE R W ac t
wthin o pEeefBe iR dhd pRBLE A0k hOR B Bhee?” 2" e that en (s an
the. sensOTIh ol Biegeriy SahndambgoLP e aRS PRl i Moy s

| meer e by e, et of oey g and col |

count i ngOne ateans sfiwitofomsingdanplves it use efansiorage pracessen chiprthad PrOYIdesAlr pose i s

the QRE1113 Ref.l ective Object Sensor, availabl g f. Fal il d
Ser GondUPErOICEBEL RIS i 7500 of el pstst the AR Al R Saltbt tan
be appar gifmd10 of REG chlf Is!tRIFieBsdalteS it onductor MC9328MX21, available from Keil™

- an ARM Company, Plano, Texas, USA; other examples will be apparent to those skilled in

J

30 the art. The sum of the absolute differences of adjacent green pixels in a particular zone of
the sensor array can be used as the image contrast value, and optimum focus is achieved
when the image contrast value is at a maximum. The focus can then be adjusted by a geared
motor connected to the slide mount within the receiving slot, i.e., the motor when rotated will

move the slide mount up or down to change the focus of the image. The contrast value is
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[0020] A further feature that can be included in instrunents enbodying the
features described herein is the automatic detection of cells in the sanple
t hat are woabnadeowth a vital stain. A vital stain is omreTiusad10/047143

preferentially stains dead cells, and.the differentiafion.bet . ells
st ai ned %ﬂefﬁdﬁxffp%‘s??salﬁﬂnsa?ﬁk? Friote Wieh 18 geél rﬁﬁ’tmef%stog%%#%\l}go Iﬁ?&%}ﬁ %lge of
di f f er enfdnesCAnBhfVaRieX 8h fhany eMBadindhtioofitee BEeuRNANBlsCautsfocusitig @h ostwai n;
eosin and propidium i odi de are ot her exanples. Trypan blue transmts bl ue
| i ght andlasewndaorlsss ed |i ght, and by conparing the intensities of blue
and red pixels in the i mage sensor, the instrunment can determ ne whet her

cel I's sti@orsgd Mmh bécedsory tak chil i suppli€l Witk sennstrhdngis dgtesiavd slidedfdf quality
simlar color 30 distinctions as appropriate to tg(g %étes thegfl vog% | mage
pr oc8ssicantrelnsush as arifying te gesuney afifounting lbyesand dead eellsang he ahifityal the, ¢ ude
those refer Y Id ofi ' HBIGT $RALioRPAL De
program%%sgru?ﬁ(;e%gpq %Qﬁsaﬁgsl%g'ya%%s%iﬁ@%d %lrﬁig\grgllé%%%tlﬁ%a ofevi abl e celllos and

t her eby sg@pRradlide) ablistaadlof a siraple chamber(s)) the standdrd lvanibayvessn asfayaddarkacy by
focusing on two or mpre pl anes.. The contrast. between i cells and.dead
ol I, ¢ aiaged Fses T PRI ih oG ORIl o8 a3 us subas P B BRE 5 o
optical i bLe0Sintag; ' s WiBnn At Ly NS whd Biétected addtcheh Bt i ng a
spect raltfl%/hlﬁgtéﬁg{\ﬁ/%}n%%%&g%ég%,dﬂsghch as aérzl LED of a pgﬁti aElzul ar col or

i nstl@ad digitaMnbging fosoexanpl e, a 585nmoptical filter with about 20nm
bandw dt h can be used to match the illumnation to the peak absorption

wavel en ' iherdiyRdbdihtifs BV Ge HRRPE REdHbeabsrinthofintsokdfmeimdhe dead
5cel l's anbﬁﬂap%ear dar ker vvhe?l thgcsa le is illum nated through this

filter. Hyabeirdstrumept; afcbrdingiaitoforusimgandscolli connting ges igitigind tyfthe BINYIE nvent i on,

all functions that contrj.bute .to.the obtain C €O ;N the
sanpl e dpgl’%%?gtﬁﬁgﬂn&ﬁfhﬁ?% ’ﬁﬂgu}lﬁ%{c’ﬂfﬁﬁﬁf anlgg&seid;gd’, tﬁgﬁgmshégl &lhtl?dnéper ation
of the iRatatoRithl £ARctidHEnER 16aRideviEsin thd dieutr ohfike slite mburmrvithid theskit.

machi ne or conputer. Included anong these functions are_ the automati.

f ocU$i ngAbyxanaple of g switpblehseneasiigpne Hat emids ypingpaed peame and,dgtegls opjRets pdtdjn

focal plane to djiscrimmn . a8 I of
whetner PREAEHES RS Gfhe RalopMERL G faime SNSRI’ |
a mul ti -Beasal THel renect@ndabys ivdll whe o amakinalm $dval whérsthd elideisefdlly mstitet, ardich

cell is scored on nultiple focal planes to prevent undercounting of. |i.ve
cel |'s, dhe highessignal will mitiate therputaforismg angd ca%p%mmnﬁénﬁqﬂenwu rﬁ]’é‘e S?alﬁpléé’lf |

suspensi O L . i t RBE8r. Glvalldhe &6l S ON
the dispt %?E‘S;‘ttﬂ’%s‘ﬁ%‘“%%t@?gﬁé gﬁgﬁéelgggegﬂggglf%@%g?ﬁé Prj??c}‘df)r e led visual

i nspect | Keirchfld Semicoattcor Gogotatien z8xn Jose Catifbroet/SAptQther examplesovill ehe
results to a USB flggﬂegr.ive of to a thermal printer or other external

pri nt er .2pRarenbio theseskilledip thett can be initiated by the sinple insertion of
the sanple slide by way of the non-contact optical reflection sensor

descri bef@02@jov A, fusther fieaturesthgt caadedncluded insustunicsts eptbodirmgdhe fpabeesons i s

conpleted in 30 2Qseconds or .l ess. .[0022]. The Fi qur . i Gt .
instru Cl{llli*FéﬁleE%ﬂfsa' f utopiRiic g?teftﬁ%' ?fgca?ilfuwe@e 8%@% r ﬁ%aetg? %ﬁél\gggg’%%svééges as
one ex agﬁéiﬁ. Of vid? staffPis OAE Mot bicsteiallyN@inOdRa RENs, dRS Gie differehtiatinbetwed023]
FIG 1 depicts an automated cell counter instrunment 11 in its upright

posi25 oncells stainedovitidsush astainl anchthese tisbaramet i apligeast byrihe uge of diffsreplyt s of

the instrynent.are housi ng 12, a 25s S ' n 14,
a contro otf?)rgaé’eriss,ﬁéfﬂﬂi ug %o(fnefém?gfe qlf%gg{al ftgﬁ’ g?sga%%?gggﬁ%ﬁg&%%e The
di spl ay & Wi i O@aRERtsMlud ght asd hitaaut reilignadnddiysconipdeing i f i es
the functions of the instrunent as they are being perforned, and offers
opti ons the inthesitieseaf blusrandged pixelsrin tha 1mage sensar tay SHYRFH SR ACETRIGE of the

cells i nwhgt%erscaeﬁg lsf%inseldiv&jlﬁi a vital stain are present. Other dyes will afford similar color

30  distinctions as appropriate to the dyes themselves. Image processing chips that incorporate

this automatic detection feature include those referenced above and are readily available. The
instrument can be programmed to eliminate any possible undercounting of viable cells and
thereby detect viable cells to a particularly high degree of accuracy by focusing on two or

more planes. The contrast between live cells and dead cells can be increased further by using
6



[0024] FIG 2 depicts conponents of the optical path in the interior of the
instrument of 30 FIG 1 with the sanple slide 17 having been positioned in
t he opti cwb 2pattrco29he sanple slide 17 is horizontal andpcedisdes/oateye an

Tont T apseR i heonks) e o E B el A T hec iy e RER 2 1N
achr omatg|,RRSsuRRIaS art L EDSoROSAriid1P41RA1d? elst@dbf tittes Fopbangile,des 8bAmaspdicklhe

sensor 25. WD 2011/ 026029 CT/ US2010/ 047143 The two | enses 26, 27 of the
achr onatfilteswgthpbont 2nm baryshividthesan by usad tageatehthe ibgnination @ the peal t eni ng | ens

29 is positianed i | at-el v bel pEts the
mai n optd égrpggg 3’%&3’? éﬁg%eﬁfdyf SDVYE‘% ?%é%S%éea%%bﬁlgﬁ&?ﬁeﬁskg%ﬁgq?ﬁ%e 17
par tisal | g1k %Eﬁ%;%d: dirker WS the sarfpld2s illuhendtéd throughtthisifiliecol | i mating) | ens
23, 5 the geared notor 32 that adjusts the slide height to focus the inmage,

and an i 1 NgJ rJp ' j lifdd 1 fufctigcthae the CMOS
sensor b@g?i c} %@rg?e\éﬁ?g\%gsu%%e# e@%&%@?%@?ﬁgfsg?éﬁﬁg?%t edcci rcuit board 35
t hat condon@itsutd toathé ub@innens oHf cdlheunnisit the sample areccontaitaddeithia thrinstrurgerity e

chip to control the notor 32. The board 35 resides .wthin the housi.ng and
t hepposi hqusingomnd; the fidbepegation afiie wsgypent,cap F@éh’g af:]pgv%g\gﬁlgqlg ﬁherlésleé’tf f"ge to

the opti ) 6 g @ik Rbns € tHehutdiBati oL s of
t he preceg(g?rﬁél I gur%éeosrjclglsn&)gl o'mni%lcﬁr?%%:ﬁélg.ﬁg%ésgA, anrtlj 5B. _Trlyle_vai1 ew in Blfét 4
i s al(perwpgapitweheigiewf thercdnpheslsieitel6nd the test foeahwlansfto diseriplinateeells from 3

bonded toget her but shown sep ted i,n the F gyre. .Th ] I t wo
sanpl e chaskewpad,t %d?tmle%ffcg’ooafrﬂ’a’eﬁffé t}fet'ﬁTm?lleaf‘a%i’ee%rs'nt m%%%{h(rjg?g%ﬁd?{égfy,

separ at egpf QM §amha Al foda® PUhE WhaIgsisREDa Vi sidin ialotieckd sattkatahtlycalfif s et
fromeach other. The areas 44, 45 of the 15 lower plate 43 that formthe

bot t om sseofedamsmultipterfocal phavies tacpravins nadereeunting of bve eglls; amintgerated AdMINent

material, as are the cgrrespondjn reas. of ol ar e
di rect | y*&H go &ﬂ%‘?@nﬁﬁ@é@? ° P%aegqlg en&ogtté ngeﬁgﬁ) efo%:lh ttﬁg%l?gl;g)%% Q%Earﬂf aces
of sgympl ﬁn%]é JTRRS Rlis Thend AYREY RItBS Eptibh dfihé ies avdrioaioneintfor & déthilakesud han

t he upper ate 42 to provide rigidity to the slide, and the r tive
t hi nnessinspectipe ofifhseellypland thesbilys end P%efpﬁﬁo%wowﬂhfijwli‘ﬁtoé‘ééﬁé %&?Rﬂ e 20
chanber to be .thinner.than i A i : I¥k :a8i.RQassi bl e
to achi e¥&VEHP 6ﬁ€?@5€€%§%6$0§%%%¥}?6n%%§q / ﬁsrbg %ég?‘i—‘.ﬁ%gg ) (Es%lrrgpé I lgﬁlgﬁgrrber
i's thus gy {heeimpledmBeithm ofend eimpht slive of wizhef tht hoie-camtdetaiptisareflectivhsenspper
plate 42 than to the | ower plate 43. [0Q27] tgl GS, 5A and 5B ar .&)@?nar

vi ews of desmbedmaboyerand i My SaseS1BE PETPUQR phihesegnctiqns ﬂﬁe“c‘}‘ﬁ‘R}Sﬁeg} t he
uppe 0pI &tcgné;szrl%s}ge bottom surface 52 being the surface that is bonded to
25 the | ower p(fa € 43. Each sanple chanber is defined by a recess 53 (FIG

5B) in the bottom surf f the uj | at e, h f d
Th) cknest0aR t Be Eraties Horsio dgpiohas Bman i colays vl A fep GEERRorBE
sanpl e ng&()&?%%lﬁ sl ORSRBIMbR FanifgletichBASH OR theQlontdifts @dstHlbsd lidiein.

t hi cknes e upper plate’in areas other than the recess 53 is 0.65mm

and t he i.ckn f. tthe lower plate is 1.00 Q- | L.ckness
of 1. GSHngﬁe%i@cgggpl% a%é‘%?age.dfﬁ TRt @g%n\gh?ﬁtaﬂilgﬁ&%hﬁéh tﬁjé)rs ﬁféngp?anpl e
chamber Rl HesusBd 62 QM Bordtodaitnbh. BhévisiiepatsoAmY i@stelraehare 4 houskipeE af or
manual henocytoneters. Each sanpl e chanber has two | oading or, vent ports

54, 3%, eupportbasmth achispldescresn 1dppeeitra) ProgldS: ad hlet Enles sertiondid| ongat ed

chanber. Overf). reas,.b5 57, 5 t . of the
slide ar &M SJ}%&?O%O‘E@@@WM‘BW%% 1*5@gr Sg%ﬁtﬁgﬁgb%eﬁnhgggﬁag?@’t he four
corners fenBAEIthS ARIiBnSHREAD aistriMeACaanRpaabeing pesoemaiand offerscdptibes by

insure that the sanple chanmber is properly filled with s | e. )
the user for Vanr'rcPus functions and for sﬁowi[r)lg an%mage of the ceﬁs in tﬁgyample slide.

[0024] FIG. 2 depicts components of the optical path in the interior of the instrument of
30  FIG. 1 with the sample slide 17 having been positioned in the optical path. The sample slide

17 is horizontal and resides above an LED board 22 serving as the light source. A

collimating lens 23 renders the light rays from the LED parallel as they approach the sample

slide. The achromat lens pair 24 is positioned between the sample slide 17 and the sensor 25.

7



[ 0028] Since each sanple chanber is closer to the upper plate 42 than to
the lower plate 43, the slide functions best when properly inserted into
t he cell wouniieneowt h t he upper plate 42, 5and hence thecrhiscoest7iepti ca

w ndow, gt the to sure th the.slide is Jj.nsert ' hi

ori ent at Woﬁ?f?eg?q’&g q? ef?:??‘ﬁ%'ﬂﬁ\t}ﬂsﬁaﬁ@f%ﬁe@gmg&fl,byﬁ allpr% f\'/?lglsfiliéu?:}glr(\lal ly
OPPOSi NG ABAIRE Nhs 2D it PésifdricdSmmbaRitd belowahe sensbieass of the slot in the
cell counter Tnto which the slide is inserted to initiate the functions of

the cel |  count ont ai cont our f . ary.to these
not ches.[oq""l?«li nﬁ%ﬁéﬁpﬁﬁgﬁ‘éw %pkﬁtagsr%]%ﬁc’gﬁ?%@g t?éna{c%e s| gtg? ?thglrﬂe{%y prevent
t he usersahdid d1iasn 7 pagially Mkeitb® thé LED bopsi 215 tidaitominatien (coMlimhting)dens23er
plate 42 at the bottomrather than the top, The symmetrjcal arrangepent of
t he Aot dhegeapdmotos A tearadiusts sl height fodgpusthe %@%‘ﬁ»ré‘?d alb\ma[%al@abg@snm e
chanber nd .permits ' . Mgﬁ ] { | whi | e
pr event is%"ge lg‘gtgfgi lhea étjﬁg%%%g?lﬁeﬁ&?ﬁggerdge I%ﬁ%ﬁﬂoh@éﬁ%ﬂﬁéoﬁ ?li tf(;%F upesi de
down) . ShegRid fiented tidait oapt 35 taadingrols the fimutiely & the mstrumentead indudeske used
for cell counting .15 neasurenents_on tV\€ |(gg§ eg’ldent sapples .at djfferent
tines, ARGOBATES GHP kO eankiobBicanelar 2. hElemDqsE Fosiles Mith WB Hopsng P b ed of

and not r#&%ﬁ%{l%??ﬁerboa[’cpﬂl%ﬁ& PR Q0 fts ?Bsiﬁ&?re@ﬁﬁ%% Hfet dpfios SsetbEy, sanpl e
at still

slide t ensure proper orientation will be readily apparent to

those skilled in th rt.. The. arrangenen unber .. and shapes of. 1t

not difes 10826l hﬁss“"6‘@ﬁ"‘\ﬁzirdf3 &¢r usgdn g‘ﬁﬁ“&?ﬂé“eﬁt%@fe pﬁefce@&ﬁ%?%n%ﬁwlg Oe"?%malﬁgisf hei r
| ocati ong 520 .E€5B! HE vidw ARG, Qtimbeﬂs;gecﬁb@ vRW, dd thEREAORY & forthedbf two
construct’ion can vary wdely and can be any material that can forman

opt i cal Iplates 42 r43tiondeditogetheat butshpwe separated inghe Biggree, Therdide gemptaing two

fficientl igi.d to be. i t ed. int o.th 1,

oot hacr sampls hafrarn B BlipBR BB A Il By rEBHANRLy, ORI RO e |
E _Sﬁd- _ Q&ﬁflﬁeﬂ%h\krisbﬁlohgfmé d1iicanP &Ll bifsdt Toeeskidthed Tha atdae 44,45 of the

| KeEwW se, e

ondi ng of the plates can_ be accon&(iﬁshed br%/ 5 conVﬁ{]tional
meants. Lawer platsi 43 thet farm the hattesosiriacoedidhe spraple cCB3abRss &<, T‘éﬁ@}’tli’ % he
cl ai ns ended heret.o, the ter -1 " an L RiSAR "one or
nore." %ﬁ%’s?%rf‘ﬁﬁm;%%r ?Ssaée ?haenc rﬂ\;gqqng%r}ggaﬁgastoﬁg}ee ip %fsh@f? as gtcétggr%ir}i&ésﬂeils" and
"conpri sifdge thesbgRaPseerdbwer pline ané Giriratht appafsudfastseyf samplachahberentThe ar e

i ntended to nean that the addition of further séﬁgs gr el enents 1S ot{ﬁtional
and not lewer platect3 inythis sabedimaent isfhicker thamthe uppeiglate 4240 PRy idR AN PP shed
referencg: o jted | | L fal | Q10B6F WMo UTRE B Ae
her ei n bsﬁldrgg#"?rdel%tezat?ﬁ t‘?ﬂlei%grg Og%elsu@tg lsﬁlh%nf/zaﬁcf;r@ g? g{oea Cy bet \Rleen any #

r ef e70enCcehambieto i thitineethah éedowenwindow, pud mdead as thin ageressible taachiews axpl i ci t

e I e RSBk iy B, 1
20117 0200A8 (T3 Mg G 1084k Pife depiaicondheld ie 1wt phite a3wor d or

phrase a inition explicit provided in this specification of the
same wor FOO%] p??é@.eSA anvg)5§ %%elélgr%a?%%e?wz%ytyes tzo%lsg{'fgéleg‘fl g’nd\%qo'%t-lo_d S%IQC@BXED IS
respectively, of the upper plate 42, the bottom surface 52 being the surface that is bonded to

25  the lower plate 43. Each sample chamber is defined by a recess 53 (FIG. 5B) in the bottom
surface of the upper plate, which further reduces the thickness of the area forming the
optically clear window at the top of each sample chamber. In one example of the dimensions
of the slide, the thickness of the upper plate in areas other than the recess 53 is 0.65mm and
the thickness of the lower plate is 1.00mm, for a total slide thickness of 1.65mm. The recess

30 53 is 0.100mm in depth, which thus forms a sample chamber that is 0.100mm in depth, a
standard sample chamber thickness for manual hemocytometers. Each sample chamber has
two loading or vent ports 54, 55, one at each of the two opposing longitudinal ends of the
elongated chamber. Overflow areas 56, 57, 58, 59 that are open at the top of the slide are



11. An automated cell counter conprising optical conponents, a sanple 2
mount for receiving a sanple slide, and a housing retaining said optical
conponentwganﬂ/(mmnpl e nmount, said optical conponents eommsiz(ﬂiommlml i ght
source, a di

L .
from salRPSm(’gﬁé ats"@ﬁhe thf’ o@%%%?e&é %ﬁetagﬁ ?"H@g ﬁﬂn‘geéﬁlg%‘lrm%%%g% ag %ces AL seg:]r:)l e
nount , Zﬁ'd%ﬁ%%ﬁl%&%%k%ﬂiﬁe Hahyep Rprbpery fillddesith pipleal path and 6

arranged suc at when a sanple slide contalnlng a cell suspension is

nmount ed

pr oj ect eﬂqﬂ%)ﬁ g’é‘ﬁ? Sﬁﬁ“ﬁ”a?*’i%ﬁﬁ%ﬁ SEhSor §eftu I%’ Eﬁ& e théﬂfgﬁlr@rgé‘?% @gﬁgor
conpri sithg side fufi@idns B tiheh, &Q&.r@(iﬁse@ﬂe& Qits t}&ﬂ!illlclﬂsagleﬂg'lth the @;ﬂr phtedt2yi ew at
said sanpl e nount of at |east m2, each pi xel being 2x m or Je s in

gr ea 12amhsneg the thinesst epiiqal Wmﬂ?b"’elat e ton. af ensutgibatdhe sladg iy H&?F’é?dt@i ensor
contain , t G0
from abo n&t@)ﬁ‘oﬁg?@&e i f?%%gbc{gq% h@x%ggﬁf ?%glar eade%qgﬁ ﬁ% i nﬁfﬁbj@?f@%d' ;Ss

from abOslﬂe3TﬁBBltérﬁaladnﬁﬂabestI tiedlot if Sheldvd] uhtenatt@ehinhl the slideris ersenéd tol al m 1
wherein said optical path is 2 vertically oriepted and said housin
h‘ﬁ to sai d

nmount ed in#iate @eé‘mlpnm%tbe ik eoynder gpnipg spntgur El‘éesé atArg ceTHp
housi ng tﬁgéésal *;r %%%ﬁ DYy E@xft&?]rglm Heafs ety revdt %hetd%&n 4

300cn2 an ng a tot I ght of not 'nore than 20cm
14. Tioe aﬁicbmnmeetdlg:thé lshdmlpsiderdoafn cé.awith thenppecplatest? af thii byittom rathrnghang 2

sensor corrprlses neans .f enerati t val es between agent
regi ons Bt o th %Y%@%ﬂcagaﬁgﬂ ‘%ﬁ {yh?%a ot CH ﬁglF’étﬁtﬂé  WeTRh qb a;l ong to
sai d optiealbeRghthe t%é%l&ﬁ{aknbers and permits the slide to be inserted with either end

first, while preventing the slide from being inserted in an inverted position (upside down).

Since the slide is preferably a consumable item, it can thus be used for cell counting
15 measurements on two independent samples at different times, and once both chambers have

been used the slide can be disposed of and not used again.

[0029] Variations on the construction of the sample slide that still ensure proper orientation
will be readily apparent to those skilled in the art. The arrangement, number, and shapes of
the notches can thus be varied, as can the number of sample chambers and their locations

20 relative to each other in the slide. The material of construction can vary widely and can be
any material that can form an optically clear window, that is inert to the sample, and that is
sufficiently rigid to be inserted into the cell counter. Poly(methyl methacrylate) and
polycarbonate are examples of materials that are can be used. Others will be readily apparent
to those skilled in the art. Likewise, the bonding of the plates can be accomplished by

25  conventional means. Laser welding and ultrasonic welding are examples.

[0030] In the claims appended hereto, the terms “a” and “an” are intended to mean “one or
more.” The term “comprise” and variations thereof such as “comprises” and “comprising,”
when preceding the recitation of a step or an element, are intended to mean that the addition
of further steps or elements is optional and not excluded. All patents, patent applications, and

30  other published reference materials cited in this specification are hereby incorporated herein
by reference in their entirety. Any discrepancy between any reference material cited herein
or any prior art in general and an explicit teaching of this specification is intended to be

resolved in favor of the teaching in this specification. This includes any discrepancy between



4 counter further conprises neans for automated adjustnment of said hei ght
in response to said 5contrast values until said inage is focused. 15.The
aut omat edvoeblii/menzat er of claim4 further conprising a dbghsmhomhnnger t hat

counts cells i aid field 6. The a nated cl aim
5 wher eid? agté'i“HP B0 Qgjd'] gr% Rﬁmﬁ aréda?' fimrh?ngg i ap%g\l’igécfrp tgfsrmu t,
and di gig P@élﬁbﬁﬁﬁQ{f,th@gaﬁleI%r@@tpﬁﬁS@ automatically upon insertion of a
sanpl e sfide in said sanple mount. 17.The automated cell counter of claim1l
wherein said digital imging 2sensor is flat, said | enses conprise an
achromat | ens pair having a focus field at said digital WO

2011/ 026029PCT/ US2010/ 047143 i magi ng sensor, and said autonated cel

counter further conprises nmeans for correcting 4curvature of said focus
field. 18. The automated cell counter of claim7 wherein said neans for
2correcting curvature of said focus field is a negative |lens adjacent to
said digital imaging 3sensor. 19. The automated cell counter of claim1l
wherein said |ight source is 2 spectrally limted to produce an inmage in
said i magi ng sensor that differentiates between |live 3cells and dead cells.

10



110. The automated cell counter of claim1 wherein said digital imaging
2sensor is a color digital sensor. 111.The automated cell counter of claim
3 wher ei nyowhem2s@bd support base 2 rests on a surface, PEaIU$2010037188 i S

30cm or ' é};%% aﬁd said sanple nount is at |east 3 6cm above said
surface.‘k]@#ﬁ ﬁ’x!ﬁ d cell counter of claim11 further conprising a
quality 2 control slide dinensioned to be nounted on said sanple nount and

havi ng i mages print.ed 3iheieaatel@el icouttat @nprisimgaplticsl contpodersts] acsairipte 113. A

sanpl e slide for counting cells in a cell suspensjon,. said sanple ilide 2
p g&éfﬁ‘

conpRi simeunt for eeeiving psemple side.candiatossing retanmgsaid aRSiGAlROIRop ally

cl ear, upper I ] i ' [ ' t
ol ard t SRppiRbut, Qb RoncAR oRBASRE W TIREIARCE, BN il ferks
or i edt atandnenwbepaityoredits divgm dightfrord cuidflmhe sowcestol| seict digitdl dinagiog s@1somi t hi n

said _instrunent. 114, The sa e slide of claim 13.wherei i.d i nd
i s 25subitongh said sgmpleimert, Sgp tigal GPmMnoREnts \?ﬁl'r o n i‘%rgg"l‘f nl?(?%gérﬂ?ﬂg r i \émeno? "

claim 13.51{3]9' L 9t v1h AGhipld dilde ROALRinY 4 Ll dukSdnsdnddehotife@Msdidt er nal
chanbers g?dél n, sai Jl%l nter Ral cﬁan%er sﬁ@posi ti olflééld laterally r ellat ive to
7  sample mount, an image of said cell suspension is projected onto said digital imaging sensor,
said digital imaging sensor comprising at least about 4,000,000 pixels and imaging a field of

8
9  view at said sample mount of at least 3 mm?, each pixel being 2x2 pm or less in area.

1 2. The automated cell counter of claim 1 wherein said digital sensor
2 contains from about 4,000,000 to about 10,000,000 pixels, each pixel is from about 0.5x0.5

3 um to about 2x2 pm in area, and said imaging field is from about 3 mm? to about 10 mm?,

3. The automated cell counter of claim 1 wherein said optical path is
vertically oriented and said housing is mounted to a support base that is at least as wide as

said housing, said housing and support base each occupying lateral areas of not more than

BAOW N

300cm? and said optical path having a total height of not more than 20cm.

4. The automated cell counter of claim 1 wherein said digital imaging
sensor comprises means for generating contrast values between adjacent regions of said
image, said sample mount is of adjustable height along to said optical path, and said cell

counter further comprises means for automated adjustment of said height in response to said

(V. N SRR VS R S

contrast values until said image is focused.

[am—y

5. The automated cell counter of claim 4 further comprising a digital

2 imager that counts cells in said field of view.

1 6. The automated cell counter of claim 5 wherein said automated
2 adjustment of said height of said sample mount, and digital imager, are initiated

automatically upon insertion of a sample slide in said sample mount.

1 7. The automated cell counter of claim 1 wherein said digital imaging

2 sensor is flat, said lenses comprise an achromat lens pair having a focus field at said digital

11



3 each other in said flat plate and each having optically clear upper and

| ower wi ndows, said 4single flat plate conprising first and second
ggﬁ%g%b\ggzg}mm to guide said flat plate into W) PCT/US2010/047143

PCT/ US201Q/ 047143 aid cel] |l .c WaloRy L0+

ori ent at'TERSERARPEH S8 &uﬁoﬁ?a?%cgﬁl Coélf’%é%?u rﬁ‘%géérrﬂg?gﬁggﬁm%aﬂﬁgtgoggctggl ect ed
di regt i QurvinkrBioR ssidifsbuk figld. ument . 116. A nethod for counting cells in a cell
suspensi on, said nethod i2 conprising: 3(a) placing an aliquot of said cell
suspension in an internal chanber of a 4sanple slide.to forma_.filmof said
suspénsi on in sai B chanbsrautemaied eglbequnteg of claymg 7 viersinggid Rpans gt o) g of
vi ew,of at | eas I[ﬂ}g .ty hel: 6f 1] | bt i r
corrp?i sicr?_ér ) I?%(_geuég% : 6%%1?1%@1%' x(glisg,delgggclz Sﬁsxéeiirjgdgxelﬂr?gsh%(g lﬁgrlﬁﬁggﬁgess in
areaj3 bysehggerting said sanple slide on a sanple nount and 8positioning
Sal d sanple ITD:J!’lthI n a linear optical path fornmed of optical conponents

comprising a light soyrce, said digital i i n ensar., . .an e
posi tli oned to di rfe%t 10 hwom?tSﬁF@g?qu@E?ﬂ%gr Sl%er?lg Sglgiéh&g&%ogl (fseal i magi ng
sensor t _E&HEQ' 15R#EH PP Re TR Whhge thkaRAAmhEing)settiog tHad liifferaiatisibegvesailidgecel | s

in said digit I mage. 117. The nethod of claim 16 wherein said digital
sensdr ouwiils andideddroehs.

1 10.  The automated cell counter of claim 1 wherein said digital imaging

2 sensor is a color digital sensor.

1 11.  The automated cell counter of claim 3 wherein, when said support base
2 rests on a surface, said housing is 30cm or less in height and said sample mount is at least

3  6¢cm above said surface.

1 12.  The automated cell counter of claim 1 further comprising a quality
2 control slide dimensioned to be mounted on said sample mount and having images printed

3 thereon to simulate live cells and dead cells.

1 13. A sample slide for counting cells in a cell suspension, said sample slide
2 comprising:

3 a flat plate with an internal chamber bounded by optically clear upper and

4 lower windows, and

5 an orientation notch in said flat plate to guide said flat plate into a cell

6 counting instrument in an orientation whereby said upper window faces a selected

7 direction within said instrument.

1 14.  The sample slide of claim 13 wherein said upper window is

2 substantially thinner than said lower window.

15.  The sample slide of claim 13 comprising a single flat plate with first
and second internal chambers therein, said internal chambers positioned laterally relative to

each other in said flat plate and each having optically clear upper and lower windows, said

W N

single flat plate comprising first and second orientation notches to guide said flat plate into

12



2 about 4,000,000 to about 10,000,000 pixels, each pixel is from about
0.5x0.5 p,mto about 3 2x2 pmin area, and said inmaging field is from about
3 M2 to wbaut/aeo2zon2. 118. The nmet hod of clai m 16 wher ePoTAtSe@o(b)143 S

per f Qr ned. a plurality of .2 functions conprisin ' ' of
sai q%d! gt Cﬂi‘ﬁﬁ@‘é‘* SF_E%U?‘HQ“ SHFRL Y i g n%l"\gﬂﬁw‘fé’ﬁ@g%'s edtal
stai § i S, fU@RRAircbRo il diMeumaiteat i ng digital imges of a plurality 4
of f?)cal pl anes within said internal chanber of said sanple slide when a
vital stain is 5 detected, and processing images formed on said. digital

i magilng sensor to et erdvinkmihed @ép¢u®n8(ﬁﬁlgitlniar\ce§aspﬁpeéﬁlpatﬁﬁf‘i, mgthad ?

per f .rmecd" ,Qlts%rgnal ly within said housing. 119. The nethod of claim 16

wher €i n Sarfdoptical path is vertically oriented 2 and said sanpl e nount
gnd S?Ihdt opti cal I @ity s diqot eftsaidetl suspeasibnirs aminternalrvheniberofa 3support
ase at is at |least as w de as said housing, said housing and support
base 4each 4 oi%fli)ﬂﬁﬁlh’@t?ﬁ‘%r&%ﬁhﬁpé%‘iWSPH%?OI}%rSéldt%&W%%Ocng and sa!og

optigal path havi %) g%ér?gp gidggiagghﬁgoﬁ £90 oPPIE JMREad0CHIn2 4ahid bad met hod

of cl"aim 16 furthe automatically 2 generating contrast
vg! ugs bet weefilnaol adiyital ineagiyensdr comipdsingatyEastaRD0:000qrisels,cath pixgl being
adj usting said sanple npunt to a height, alo said optical path in response
to sdid contr&&Hm oygssEbaree ydRsretingsad ?*H’iﬁgg.ﬂlg 2 Sample mdift ahd P

201 1/80 26029 PCJ((SH%%%gOsIanJa}nﬁe mount in a linear optical path formed of optical components

Jupend

9 comprising a light source, said digital imaging sensor, and lenses positioned to direct
10 light from said light source to said digital imaging sensor through said sample mount,
11 and
12 (c) digitally counting said cells in said digital image.

1 17.  The method of claim 16 wherein said digital sensor contains from

2 about 4,000,000 to about 10,000,000 pixels, each pixel is from about 0.5x0.5 pm to about

3 2x2 um in area, and said imaging field is from about 3 mm? to about 10 mm?.

18.  The method of claim 16 wherein step (b) is performed by a plurality of
functions comprising automatic focusing of said digital image by moving said sample mount,
detecting whether a vital stain is present in said aliquot, creating digital images of a plurality
of focal planes within said internal chamber of said sample slide when a vital stain is

detected, and processing images formed on said digital imaging sensor to determine a cell

[« WLV T -~ U'S B NS

count in said aliquot, are all performed internally within said housing.

19.  The method of claim 16 wherein said optical path is vertically oriented
and said sample mount and said optical components are retained in a housing mounted to a
support base that is at least as wide as said housing, said housing and support base each

occupying lateral areas of not more than 300cm?” and said optical path having a total height of

v ok W N -

not more than 20cm.

20.  The method of claim 16 further comprising (a’) automatically
generating contrast values between adjacent regions of said image, and automatically

adjusting said sample mount to a height along said optical path in response to said contrast

AW N e

values to focus said image.
13



121. The method of claim 16 wherein steps (a') and (b) are initiated 2
automatically upon insertion of said sanple slide in said sanple nount.

122. The meohod/mbo2el ai m 16 wherein said digital inagi ngpsernsestioios71is at, and
2 said | enses conprise an achromat | ens pair having a focus field at said

digital imaging sejsor 3and egat.ive | ens. it . [ curvature
of said focus field: 1 .efﬂ%tﬁ?fg?ﬁcg?imbﬁs gﬁ%@ﬁ%@%ﬁﬁ%ﬁ?ﬁﬁ)&fgﬁt@g t source

i s specthinhatichilyipditindertion Bf @EuIGLFS sliderig saidmamplednouragi ng sensor t hat
differentiates between |live cells and dead 3cells. 124. The nethod of claim
16 further conprising treating said cell 2 suspension wwth a vital stain
and tlher eby produd2ng akheimethed Pf\‘?l%l&iww#ﬁr@mﬁ“‘g‘é‘ﬁ%}rmlaﬂg’tg Sﬁ’a‘*i“fffseélaén?q tes

bet wgen | iw I Ll S .n : hagq 9f safd @bitaisk lsBhddr Sai d
di gi tal S@%g@%g%@ﬂ@%%ﬁ%ﬁgrﬁ%%@ pflgir?lgylt glea fgg&nssor. 182516. Tge msta#gg Sof {:I aim
16 wher eind asiegtivednsosuspicneé so fcrrusiurgate®i of s2iddpeusdadld.conponents on a
plurality of planes within said internal chanber.

1 23.  The method of claim 16 wherein said light source is spectrally limited

2 to produce an image in said imaging sensor that differentiates between live cells and dead

3  cells.

1 24.  The method of claim 16 further comprising treating said cell
2 suspension with a vital stain and thereby producing an image in said imaging sensor that

3 differentiates between live cells and dead cells.

1 25.  The method of claim 16 wherein said digital imaging sensor is a color

2  digital sensor.

1 26.  The method of claim 16 wherein step (c¢) comprises focusing said

2 optical components on a plurality of planes within said internal chamber.
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