10

15

20

25

30

MULTI LENS OPTI CAL ASSEMBLY FOR A DI AGNCSTI C DEVI CE
Field of the Invention The present invention rel ates
W@ 2008/08M9B3 i | ens optical assenbly for use in a PCT/US2004/034991
fl uorescence-detection diagnostic device, such as a
m crof | ui di cs di agnostic device, imunosorbent assay
or gene chip, and preferably, to such an assenbly
formed as a unitary, i.e., single-piece polymer
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_devices that use optical sensing, such as fluorescence
Fiedd ohbwplnyention to detect the presence or anmount of

20 e SO0 te LA B S uso na

ﬂubr%%@eae@@teeétnbﬂ diddghodlicfdedic)sutly pes wicrefiaigios, diagnostic
antigen, antibody, netabolite, nucleic

devige mmp@owbapbawwsgem chineang gref g@tﬁyﬂp\ﬁqcp afhassembly

forﬁﬁ%fg?éﬂrl @\%l et % f IE&% gﬁ&éﬁr s‘?mrLu:%gﬁ'éh r.?l%)’ ffection

moiginlg: adapted to quorescent probes. As exanpl es, gene
chips or protein chips for detecting anal yte binding
to one or nor e array regions on a chip typically
rkers to detect anal yte blndlng

e e R A, U0 e

suthals fﬁl@ﬁémdeldﬂ@b%aqﬁmn s dbeest tHe pmsescermcemount of analyte
detection based on proximty effects that re
in aﬁ%mrégc@goéolmmen@r SPINA sRTEb{en o HEreReaNGe Befeatiopy in
t .
ISR MLy e i, Sicen
antibody esetahotte] ﬁUekHG acid&smhsell ﬂypweaseays basammnf ’(hleehigh
need for sp CI al |[S)gﬁlcence r SUC

sengiiyity andy %@tvaubeeb' UpiRsCent v@“% 1 it pes of
asﬁbgeér%ﬁéwa@ate %l%fdapké@tfoemfcﬁeg@erm@h@s in

testl ng an In small-clinic nedical or veteri nardy
set tAgsamples, gen@t:h@s ormno’@m chipsffordieteating apstyite binding to

onel G4geit STeR ek PR BehBtyca ey TloreSertihsticetoto

de@@éttaa@me MrHing teltfPasipblmtigenan éltjﬂﬂfﬁﬁg etvemmJér@ easily
therefore be useful to provide a gnostlcs

méasured it arroidahase ahapeaenaqus aﬁsaM Qing! thakemplioys

flu%?g’s', ?%rgboers 06redtentE Ide’[ecltloﬂ basddon &%lelty effects that rely

of fluorescence quenching provides another major area of diagnostics and

detection that take advantage of fluorescence properties

One limitation of fluorescence-detection assay, however, has been the
need for special fluorescence readers. Although such readers may not be
expensive, they have prevented widespread adoption of fluorescence assays in
home-testing and in small-clinic medical or veterinary settings, and in other
medical or field diagnostic applications, e.g., in the testing of air or water for
bioagents that would benefit from small, easily portable and/or disposable assay
equipment.



whi ch can be easily adapted to a disposable test unit

or di sposable assay cartridge. t would be further
wale@snsioBe to provi de such a devi ce capabl e of P¢TEOSI0041034991

mul ti pl e sanpl es and/ or sanple arrays, such as nucleic

acids arrays. Sunmary of the Invention The application

i ncl udes, in one aspect, a diagnostics apparatus for

det dovoulg theigioresirusaiubipaproyidesa glagmosticy AHOTESEER% e
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as single-prece or unitary articl
e.g., nol ded polymer article, and is conposed of an

S usstrea}m pqrti ﬁn having a first focusing optical
ing excitation light fromthe |ight
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SOUMGR é;?%@aﬁaﬁ mcusdw Woﬁ@fabﬁéﬂg adllagiestich epparaGs fon

Zone 1 n e appara us, omnstrean1port|on
deteatiogflucaescence es@@tmtelateddeutln@ pograncel of Qiy analgtedn@ sample

anpfiga te SR abEall s ofth, 3PhorRiss hbdsifibud g, source of

exEﬁé‘ﬁHneﬁ?g?ﬁm £PROfcHcdiB molifteddattre Hobesingyaed dmopgtical
propagation direction substantially normal to the path

masfule fircasroiatiagirow tipiegrnticehewdgcas, caried iRehadossing .adjacent

R T T

sirfpeprscd O udiedry wetidege.yhensidee ,poanél’r‘@’tlpleoiand% eomposed of
for rece|V|ng el ectronic si gnhal s therefro

ancupsieaam RgriEA fdﬁ\én@ Adirst fpéuaﬁgamﬁ% %Ur@é?teg?@f 35ﬁctm9 excitation

Ilgg{ \Qéﬁ'l thquﬂt %&'%e 03 |°gél iél?_; Mqﬁeﬁﬁﬂg%@téérgar%\étr%g@tectlon zone in

th?a\‘ppdratestand ;) felowmstrga?*r ph;}aﬁenﬂmwpzmiﬂgi s seoaid fozusimg optical

or receiving focused. light ener f.omthe .

suriRGe AEsateastans Telering Puate W giresting fuBtassepResRRsion

Ilgﬂﬂ{)éé%%rbaﬁﬂéc‘j Pg'ﬂ%b ceRE: ‘é%n&%ftlﬂﬁ?he '&leﬁéﬁt@n zone, in a
oreferred to herein as

propagatin dicestion"substardia)ly noemél tg:hthemnln oéthmgxcbtatlan light

t b f
engr Rttty deter i Zond i i SaRbERlsetom 11 ght s
Si ng&r?el‘é&%hlcr mﬁt ;ﬂrtheﬁqohamgi@to@@raww@é?le@no ERBitation light

nor e Separate f ocal regl ons within th tection
sozioceefoRlativating thiessame,dei themhotedaieelpr fardecaiing eleaignic

e aeg L Be LR AE ol S aheR P it tagion sonel
and to a display in the apparatus for displaying the detection signal.

In one general embodiment, the analyte-detection zone is positioned for
receiving focused light energy from the fluorescence-excitation light source
directly through an upstream focusing optical surface. In this embodiment, also
referred to herein as a "direct-source" format, the light source may be a single
LED, or two or more side-by side LEDS, for directing different wavelength
excitation light a single focal region of the detection zone, or two or more

separated focal regions within the detection zone.
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respectively, for directing light fromthe detection

zone to the second focusing optical surface in the
wore@aloa7o8sThe apparatus may i nclude two or nor ePCT/US2004/034991

si de-bysi de photodetectors for detecting separate,

di fferent wavel ength fluorescence em ssion events

within the detector. The focusing optical surface in
t he PMwnshseammgdimmeﬂﬂel qptmi/rrw@ludﬂ mgyl have rrck and top faces

anfiHETY St SRty plfec Finsl R EIERR A B BCEE,

reéﬁ&‘hﬂ?@l%ﬁ RS diresting NGRLUBGMIRE At iohi 2drey 1 the Secoat gdcusing
each photodetector. Alternatively, the top face

Optlﬂahﬁ’rwfa@@si@rﬂbe ynaskie béhe BPPRERSHS mﬁwc&deﬁw Bemen sidg-by-
s CppBBlec 3 0 4BEERTE0EFaE Tt ARG Hesconce

enissibadsieats within the eieltecgm “Bloe: famms antplo i edﬂaeetmthemay
be carried on a support

dowgsiream seRaRseTINY HiprRR At ataie Oﬁ%fﬂ%ﬁ&&ﬁ%ﬁ?&gﬁ*ﬁé to direct
ﬂuggés‘?ﬁ“ehbg rénﬁ?é‘i%n ngh{ ﬁSrrﬂﬁ@"He?éé’tgxf‘?d’néJﬁ) &&uH Gimed in a
npl e- han

evi ce designed for receiving a sanple
pham:derlectecs |th|gpughe5eparMelfnitecs ammedofvltfbaadopbotovﬁtactor

A R A e 105 g THAhe ASPamBNSmRY BeorarSahisrth b Hay be
cu@éeacf?’@)’ect%é ﬁ[x&%‘sbéﬁ&é/ ermidtfors AGI PHAREE idegediRmi Ahe into two

e a strip that is inserted into the device
or asarerditig-byssidé pastaseteatons. coat ed with solid-state

h ls . that t

The 1 T sChirrA e PbisBelke bl % irbigy B SRR In the
hoRfhaWwifchebptirEPmed IR sBiIhg sancsimte@ @nngxid bappord. The detectlon

dlsposabl e cartridge that 1s renovably nmounted in th

zoneuis ity aprakatu® may mgnta@addnraeaaraalepﬁamdlw device designed

I l. f f
fobisteline ] Pl el 65 nd Sorentit Herephion e, 0
of arheasamnpleshamdlimgrdevicd n'fay lnéIUGGMn&xoﬂmdmssmtaltbat is
array. Alternatively, a singl ppgrtat us may,.incl udes
S

laralrrataqd 0 ﬁt%P"@Pequ §he Optieal a@é@mb el velyr the sarepleng
nadifl el i @it Bb b thd s insdiled '"%“*hes@%*{'ﬁiéﬁ*’%?‘?%@““

asod sthigd esdted withoswiisl- statajcﬁemlnameaﬂtagemﬂam anahgdes mnthn
arihBO eI AE, CRIE TOGHE, LER %%38ﬁ8?%ﬁg?‘g§€$@il‘?8?eﬁtﬁea”d
=(chEE S R g Bkl i atiaguonss
retﬂwably @buntmbpatgahoualngat h fromthe |ight source nust

The module may be formed as part of a plurality of such modules,
arranged side-by-side, for detecting fluorescence events related to the presence
of an analyte in a plurality of samples in a sample array. Alternatively, a single
apparatus may includes a plurality of light-path sections, each for directing light
from one of a plurality of light sources through an individual detection zone, e.g.,
in a linear array of detection zones, and from the detection zone to an associated
photodetector.

in a second general embodiment, the light source and photodetector are

oriented in substantially the same direction, and are disposed on opposite sides
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be reflected as well as focused onto the detection

zone, thus defining a "refl ected-source” format. The
wa@ledsnsiosh zone nmay be part of a sanpl e- handl i PgI/Us2000@34991

for receiving a sanple and directing the sane into the

detection zone. The sanpl e-handling device and opti cal

nmodul e may be seal ed together to forma cartridge t hat

of the delestian zene) wuakdhet ighi-napagating rathjtarntee Habt sRprge must

oo BBCBH R B s e B RahE DR Rl
"refledtatesaurde piwhratie The tdetedtin Juneomagiegoart bf a sample-handling

substantially the same direction, and di sposed on
deyigedsr feceiying 8 Mpla@ngedierqtingiihe sare inky & gatection zone.

THORER R he BRI PELHCR ribd 1€ Hay B8 ¥EER I geiher to form
a mtr]'[dg@aﬁhdt Hé‘?gmfs anenclesed flsiskbandlngsierajureghaning essample-
surface ose function,is.to focus excitation |ight
re?@'&'ﬁﬁt%“’é@@&@f‘ %ﬁ@%‘ﬁ%’“ﬁ‘é'%ﬁqrﬁl sur f ace :NI t hi Ingt he
anal AL S et d R aldHbadifddrt! theaighesbifeg i f ace

whi ch cooper at es th the second opticCal surface to
photadsateetor haydbe edented infsubstgintialathe samesinect or, andydisposed

o GTtE S0t BeCTHSRIE! 7 e St et Rt By dpoluce
a fRat Bémi’érgﬁ@sdﬂtic@[‘ﬁﬂ"_féée Whos& sl P@irﬁ% pésitioned aner neadsaid
whose opfical axis is substantially orthogonal to the

ligbpsourak, asesond convergingbopticehaueaegs Wiosefinetionsigite deeus

et TR e R Pk o SErfhe St e g
dededtidpessirgd andrpfigh rdfleetihhisutface miicy cogpamtescwlth the second
surface onto the photodetector, and second and t

ird
optieal swfagtogaremedbe WiiesHor 66 hghteys Retweem g h'ﬂfﬂlc'ﬁroume and

o EPAEF TR BSHEE a0 8100 conyorang otcal

su@ﬁr?gégmowfrotabﬁoiari_é positiomeelt taravear .themdeibdlctiom zbhesand whose
enbodi nents, the t [ .

T T N TN T -

i oA oL LT B sl ATt e g s

fluenesoantcerlight yst fredeced trathiecdetectign zéoneand passebtimaugh the
a curvat ur s, to

have t hat ac offset |ight rays from,, .
thiRoaveaing Sulieel stace BRICIneGh R HESispldroand FREor SR third
reﬁ@ét siH¥additvhich ToopBFdtE HithSHERFE ogﬁ@al@dﬁ@'&éem_tré&erse the

brightness of the center region of the optical field.
direieti oo of ipcepagationl of tae eonssied lighbheiweendhe dhird ophieal surface

vdar i %ua {e odi nent s
and photodetector.

In all of these embodiments, the light source is preferably a light-emitting
diode (LED), and preferably one that emits a desired fluorescence excitation
wavelength, e.g., in the blue or green. The first optical surface encountered by
the excitation light from the LED may have a curvature that acts to offset light
rays from the diode toward the center of the optical field formed by the first
optical surface, to enhance the brightness of the center region of the optical field.

The optical module described above, including the various embodiments

noted, also forms another aspect of the invention.
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noted, also formnms another aspect of the
i nvention. These and ot her objects and features of the
WO pwsensiosh will becone nore fully apparent whePCT/ki82004/034991
follow ng detail ed description of the invention is
read in conjunction with the acconpanyi ng draw ngs
Brief Description of the Drawings Fig. 1 shows,
per Ipeseiand athempbjacisi apsbicabires £5 45 Inyeptea il become more

fulf%ﬁc}?{rgrgﬁv%ﬁgn ggogﬁoglﬂéé gg%ﬂggﬁgg&%twgf tﬂf |E\|7 ttéorn is read in

coﬁ hiceh witbaHE & cearipaglyimg @rblvaedsedsour ce fornrat and
own here w th other conponents in the appar atus of

F| g. , including a mcrofluidics device providing an
] J,on, and an LED |ight source and

, of ors carried on a support in the

appd#i @t’ushm& ga pe%be’b‘ﬁvehm ca fispossblevassty apparatusf
the bottom Iatelnth cro{1 fwhdlcs evi ce shown in

coRsuCtpR GRCPHITG i ope e hodirephat e IBYENtay. 3B)

thr wlb ld 8edRm3Pvidl §f 8 upﬁékryscg}?%f‘ﬁwo@uféﬁéﬁﬁ a reflected-

det ecti'on reservoir an connecting the input
sopuret format, témel shiawroheenwith otrerpdaanpanents (Hhe ag@rafs of Fig. 1,

lncagéglgg l a e L c&v?cggér%& ﬁ'@g:ag\aygﬁ-g%ﬁctéh region, and an

f Cehﬁél ROWJIERRESTS RAr&S BA KOS U drinntte
Lli:l?]ﬁ?ﬁ’teéc%dlggé gﬁgte ggtlgt ai Idgd Vi ew (rFl g. 3E) @ bl

appacatos) ui di ¢ channel and reservoir outline forrred in

Fur RS RFnaR AR AR bR BarLdef u P8,

BRI GG cE IshewiT tside oiedl ini FIGS2,0f seetftriat visw ¢RNEB)
and distribution during operation of the apparatus ,in

thraugh linez3B-Bkriad-iai $A shewing a gensel detection @S%V@Iﬁ@ﬂg veells for

co A3 EEPULSGRE Bl B L S PEARVENAERE 20 e o

platg ia thé ancrdfla@icsasydenaigr @Uetmlsdwew(‘é@ e1ni] dﬁxentil’reglons of a
control unit in the device of Fig

migreflyidies ghannel @nd IROSHIY Eﬁ’f"eé\fﬁ'i’scfﬁrmﬁédg e ZQP Slﬁge a detailed
ylég{}(é gg‘:gnggnjéggﬂ&Hﬁggp O@ﬂetffﬁgel LAJFESENBR M fo*ﬂm@d%ﬁqre@ top

I'rnvention havi ng
platier entl esdetaited Viewrig. 3F)dofthe filhgssangbiy vptmﬂmgfananﬂ bottom
gath for, excitation and emtted (signal) light;Fig. 8
pl ectlve view of an optical nodule in the

pressgt. A AVeNiiL&iate conditions of sample movement and distribution

during operation of the apparatus in Fig. 1, at three different time points;

Fig. 5 shows a typical sperm-concentration function generated by the
apparatus of Fig. 1 during an assay operation;

Fig. 6 is a flow diagram of operations carried out by the control unit in the
device of Fig. 1;

Figs. 7A and 7B are perspective views of an optical module in the present
invention, formed in accordance with a second general embodiment of the
invention having a direct-source format, and showing light propagation paths for

excitation and emitted (signal) light;
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having a direct-source format, but different
reflecting surface structures than in the enbodi nent

Wo bdosss0s3 ed in Figs. 7A and 7B and in Figs. 9PARPSI0Y034991
9 is a perspective view of an optical nodule |ike that
shown in Fig. 7, but where the apparatus includes two
cl osely spaced LED |ight sources; Fig. is a

perlig £81d ¥ Peydutioé view opan @@hcﬂn‘dumelel in Kiee phegtend imoxemtion,
I n |

PaIEDR [ gRl-Saiap 68T Bt o RC UE NG DA tf#&u?e@éan n
f dul
the g Bl i /S B TR PR E b B per s, -
and:IQI 9waipemépéotwednéw ef antoptigal matulerikertbatahewi imFig. 7,

| engt h Fi
butmrﬁnvé ﬁreﬂq@ 3@%@[%513 'W%gqﬂsg@logq ers pec%%a’ ;Eﬁ/ﬁg%tr?%r@esq
arra§ yt x é:‘iIQS‘%/iéWBf Iaﬁf gﬂ@él%bd% IKe that i@ in Fig. 7,

tection zon Det ai | ed Descri ption
butwhetrbethe lappatatua inthedess meespadedidrilight sewicea @adLwo spaced

phqr{u@%ﬂegﬁcgf ace optical nodule in a

&nce- det ection di agnostics device or

apgﬁqpaq 4$s a‘b%rébédtnv@@néiﬁ@ﬁ Bh hedghrbewptithlemeptliecddsigned to

e is preferably forned as a unita
detest argalgtepnaa@h aféowechasnters| and at gach ﬁék/vuéélffﬂfa%ft gxcitation
rticle, and ailored to a variety of assay
a”(ﬁsm'%sé%” g/@(ye{:e&%ﬂﬁgntdsuch as a mcrofluidics format, a
ul Fuppheusa r@pécﬁwevanew@nmmwardpwarfmoaates ctf tnamypzeeshown
manutactured to small di nensjons, Tl zT
in Emc7,owhl@hcar@sga@gedtt%ﬁthghmr|de&%ﬁii<>@e0f %Wbe% ATayRof analyte-
wi th sanpl e-handling el enents, e.g., by
detpg{ﬁrﬂgﬁ{\%. a mcrofluidics plate to one of t he
assenbly surfaces. The nodul e, including attached
f|UId handllng structure, may be a di sposable
easIDtRROf g Inventian oy ab| y inserted into a reader
o p?ﬁé‘bﬁ‘éserﬁﬁn@%oh‘?n&u&é%%%@I'tl@ﬂﬁé‘ée 8btichl hGRAE Abe
evi ce eneral aspect, the optical nodule
flua;resbemlﬁrdéie)ctnan dtagms&esrdpmceuom mppavdtag. Asfwitlde described
ocusin tic surf o dlrectln XC
belpi epgmﬁq Gynis Bistsaploriie Fap UugesrRls Plhos) molded
arti@ﬂe B%\%le RGO hd b€ itailorad Q@‘df\férre@ﬁt’ﬁ assay
aV|n a second f ocu3|n? optical surface and
dem:ed; aadtfoMsr siidheas argicsefluidice fararat da nadtiplggample format,

and laHoér?an fonmat. eﬂ]csé%' boenmangpact@rre(a%%%lp%mensmns e.g., for usein

a microfluidics or other small device, and can be integrated with sample-handling

elements, e.g., by laminating a microfluidics plate to one of the assembly
surfaces. The module, including attached fluid-handling structure, may be a
disposable cartridge that can be removably inserted into a reader apparatus, or
may be a‘fixed element of a disposable device.

In its most general aspect, the optical module includes (i) an upstream
portion having a first focusing optical surface for directing excitation light from a
light source to a focal region defining an analyte-detection zone, and (ii) a
downstream portion having a second focusing optical surface and at least one

reflecting surface for directing fluorescence-emission light produced by
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6f  uorescence events within the detection zone, in a
direction substantially normal to the path of the

we@x@sn3tosdn |ight rays within the detection zoPEl/UsSIo040034991
the photodetector. For purposes of illustration, the
optical nodule will be described with respect to two
general enbodi nents. One enbodi nent has a

fluorestionee texensowithie'the aetedtionrzonis, oha (dirgstion substengally normal

quoresc nce- det ecti on sour. be,.refl ecte
to the pptheaf g(g;g:gatl@,rht%httrﬁgs tfwgb{ﬁ% @etggpl%n ZQne, orﬂoqﬁe
hdkt ét@ ?d source enbodi nent of an optical nodule is
P ﬁ [tstfoat ed belowin Fig. 2, and is described as part

of RordisposedbbEillapteationythe dpigal anedyie il beaqqggngeq, gvith

b5 1S TR AT COUH B g ohes
forrha4ANASER 'ﬁbh{ 8- 18 RIPPESDNCE- cmtmtmmééumémsst be reﬂected as

reservoir anber. More generall thi s enbodi i, S
welbas mmlsedf(m’[o 4ng detastipe zopAc & rliestad- %Urﬁé\ﬁrﬁtéon‘ﬁ BN @f an

an of t. Lj,ght.- y '
optfab el el SR S 2.2 FE B8y 42bat e, )"
dlsﬁbﬁble épérn nﬁé‘tﬂltyﬂﬁiéigmbghcﬁspp@'etwde@gned $0 pmsUreeJaperm
for receiving focused lig

court @pdapeditycbaseasd %th%ﬁcwr@H?t'% 9% ﬁ%OF&SP%Eft $ign@l{fieyn
ﬂuoiﬁg%eﬁﬂjé@@gh %%H%? ﬂ'?a %Elﬁﬁ)ﬁtﬁ@%‘e@s@%lr Bhaib&r. More generally,

erré rein as a
thls dmb@dtmérﬁtus @eltablerfnﬂany flherestehte-deotaction aeyidschayving an

two or nmore. side-by side LEDS, f
Oﬁﬁﬁtﬂlgbf 5@@’%("*3“%@@%2%%@@%{ '%@(Zl tation |ight olr nto a

Si nﬂ'fnc%ef’@@n?r"al BRib®df rﬁ&ﬁ' éwimwttmé@ébt td Fegs. 7-12, the

di rect-sour rmat sinpli |es the optical de3|%n of
andlie-detdotien zase v pbsmmerbfm reqivisgdapaspchiigfit fram th
suitable faq

fluqmsg@pc@(@x@gtlogr{lqht ga{lr%%f %%ﬁ}qgwrtgﬁ% ' ur?ﬁée}%?ﬁ;’%%qsg: e%op’ucal
surfscd, ‘i’rﬁ%ﬁ@ Erbdffichy, did tdfened 16 hbRshiaen "ditecteeue” format,

more focal regions wthin a sanple hol der. For

thedigintsbarce magrbea stnglé bERaor twder mrﬁééﬂie' SRRy for
dlr?&coréx %r at é{vas‘veﬁ%%ggﬁ %6(@%@3@@1’(%{%2%&5& p‘?ﬁlﬁ af‘ﬁwto;;e g?cal

@ﬁ@me@l@iﬁecu on zones. A Assay apparatus with
refl ect ed-source fornat Flg. 1 illustrates
€%

sel Theslirest-sedrcesoryatsipmiies theppiiE) desiPP afthe module, as will
befcsggﬁt 'Ii’@%?ﬁ}%}%é@éﬁﬁ%%%ﬂﬁﬁle%F An} A oRY<RRABE-deR¥&Ih RVice in

which excitation light from one or more light sources is focused directly (without
reflection) at one or more focal regions within a sample holder. For example, in
an array format, the optical module may incorporate an optical surface array for
focusing light from a single source onto each of a plurality of array detection
zones.

A. Assay apparatus with reflected-source format

Fig. 1 illustrates a self-contained assay apparatus or device 20
constructed in accordance with the present invention, for measuring sperm

motility in a forward direction and density of active sperm in semen. Shown in
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nmotility in a forward direction and density of active
spermin senen. Shown inthe figure is an outer case or
whowsiosms22 whi ch houses (i) internal sanpl ehapdl/Usm04/034991
structure within which spermnotility characteristics
will be determned, (ii) a detection systemincluding
a light source and a photodetector for detecting
the figireds earmiéererse o housing 28 Whigk houses i thieinehsaewl et

nagyiti a0 AR GhicEREETL o g chiBR s at Be digrmined.
(i@ detceli@e bystehtimch@Md allighhsdurepenata pRblodetsutectos deteacting

the detection system for determ ning _sperm
flugrescanee pveRtscl hiseaps theiacewndation o Jusrespeat-labeled sperm

i A AR ARRIEL W Al e BRSNS b
eI@trt@aml cfblntm enitiopgrathely conrizttedid theoteteoiicratgstem, for
internally

AelTEVIB PRI a4 BARIAY RARERS PECISL SRl e Eofiruction
anfiGREbfg lor 88 BdhEr #I08 Biskasga samyl. ecol | ect i on

for col ng the total ejaculated senen
vol weeseamnid gt themasp@2adéfines arbamplereaasivingppening 24 that

oA T TR S il S
syStBheThRRRES 8RS b ieddiBelHAISS SRERR 48 af Aivetd e sahfle-

male fertility. The cuvette may be directly inserted

collentondpaidenegp for esflectirg thevtotal ejaaatedaemen volvgnd, landssample

RN 3P8 atben heCels M P s e ot
shBRNP Y irftf fhun® seAtinaldlumes 8R). .| tAE VB InlRoleime Heteneiradd
ej acul ate senen volunme, a dilution of the to

t al
nesasgAny bydhe IVHiICk siangards foradeguate raaledieatilify Fﬂﬁ@tqwﬁﬁe may

beidifH] i Rerkibinto SEETNG4Cor P ST ored Ryt g A B e
hotemb ehdrariceruis strycth@via the ldeliceoager Edditional sample-

consisting of the entire bottomface of the cuvette,
prepargting Veree!Ineay Beaneyifgd de coniaima smalier yeLRrof stota

. | Ol n .

e SR RIE R ¥ R oA ot
sampda iwith. othieeliduit oo sofidckemigaldie made of rubber or wax

The 108 VBT Ry snaPe s TALee BABPI (R vingatalday=gyd the
agEPétdib 3aIdHE hoRfer aRATMEARBYE NS apRIUREcaRdstiRAbEthe

W th soll i quid chem cal conpounds,
entire hotiemdatabéthengueitey ousdmeramalterdiapesetiy eckwitindse bottom

g I 7 R B A RS Ty 44 LSRG et
pobfifaké @foRf of the opening. The bottom face may be made of rubber or
wax to allow perforation without leakage of the sample. The sample may be
drawn into the fluidic pathway by capillary action. The sample holder may be pre-
loaded or coated with solid and/or liquid chemical compounds, such as a labeling
compound and/or digestive enzymes. Digestive enzymes such as collagenase
or trypsin may be used to facilitate the natural proteolytic breakdown of the
semen sample. Chemicals such as sodium chloride and fructose may be added

to increase the in vitro survivability of the semen sample. The cuvette also
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senmen sanple. Chem cals such as sodi um chl ori de and
fructose may be added to increase the in vitro

waoshyaks | ity of the semen sanple. The cuvet t BCHISIH04/034991
8typically includes a sperm | abeling reagent for
| abel ing spermw th a detectable reporter, such as a
fluorescent reporter, as discussed bel ow. The sanple
typibalydaciudey sbsperitt labeling edaddnt fordabéling spert withgedetectable

or these may_be supplied ,to the user .in t
ot i kT FoP A T

0 . Y s s opt

B e A e el e it
mayvbe supplien o B ugerpn iansepiargtediuid dispeoser foriadgifianoto the

fructgse, di hl ori d | ci i [
sartstb n FrchoSRt Bb SabRlftBen(s ek WELGHL i iegpeifpstiest om
R e e R Oe e o r oty cont ain a
prirhatiig|df byt pohiiroitedito rctose, sediem HordasARBMHRIJORE.
maghes i 2y poidsruplof g dr AR ARG et phisBlagicy pH by
HEPESKBFdrinéor escent in solution, either because of
concentration or quantumyield, and highly fl uoresg@a%e”ng

on Bhe pre-filled sqlution eepplid Egagest inkehRldelay Font(a
entr i i . . )
corBOET Ik el e g 4P B 7 soRaTa e loacing
resBHAM oHThthe gl deted sglinder| iThiedabelirey compoond atithhgeveakly

fluarRecarsn S6luiiano g RCaUaB CEEaBITIatcD YIShipr ToBoand

highfﬁ&%%é&ﬁt h cfr*lﬁ‘ 139 gggﬂﬁbén,%mér Debalise bf Mefed il
adgregai e sanpl e thereby gains access to the fluid

corainivatipn WiueHbradtiie aesseylalion, partitiant e asterass gctivityeor

oesipa sl RPN B B
en\yi%n‘?ér‘?tr of luidics structure, e.g., by dissolving an

enzyme- di ssol vable plug or follow ng renoval of a seal
by Oheeidisesample bokdesisminsartedintpithe I%@VliC@ a 5@?5@#"&%}’ Eess

ool B SR Bod il nBY e
oLk tesspinetesesel e tarativ i
devioe médtermatively thexgamets, langatmixed Mt th@H@ageRtS in the cuvette
ma?l%ael Egﬁfe%qﬁ%cﬁieoéb&?ﬁﬁ’arﬁ:nﬁom there enter the microfluidics structure,
e.g., by dissolving an enzyme-dissolvable plug or following removal of a seal by
the user. Also shown in the figure is a display 28 for displaying assay results to
the user. Device 20 is manufactured, in a preferred embodiment, as a small,
hand-held, disposable device.

As described below with respect to Figs. 1-6, the device has an in-plane
format in which an LED light source, the analyte-detection zone, and
photodetector are all carried on a support, substantially in the same plane. Fig. 2
shows internal components of device 20, including microfluidics sample handling
structure 30 having a collection chamber which contains a detection zone defined

by a focal region 60 in the device, a light-emitting diode (LED) light source 66,
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phot odetector are all carried on a support,

substantially in the sane plane. Fig. 2 shows internal
w@ovposmss s of device 20, including mcrofl ui dPCEUS2004/034991

sanpl e handling structure 30 having a collection

chanmber which contains a detection zone defined by a

focal region 60 in the device, a light-emtting di ode
pair{ dffghotodefettosn8BLEO & dainultiisuplace epticalomesleds? constructed

in 3sRaReu PSR R ER L el
Supgg,glu(f}gﬂgﬂe%h on a support or plate 64. The opti caI

general ly includes an upstream portion 63 f
di rE opiicatxedduie genetallyfinclydesias apstrean raa'ﬁlfamﬁ%f@g)dlrectmg

xS LER iAo sh e 1nEEL A e b 8 B0 A

the fdoWeE RS e aIesd, apdeNdbivaskedinpdried 66 fbwdlkecgimge‘iuorescence-
l'i nes) produced by fl uorescence g%ints wi thin

emigstondighd indisated by lighter fiees) RRdy pmypmcynﬁsree@nts{ w'thm

ine e, 1 AT B35 A 5 i st

Ilgrgb\mhﬁﬁﬁfé@théctl@nﬂom tdhtombtodmebtoef’@r ence to Fig. 2,
ivergent |i

1 Gosenaung rtls ol e aneemblyand Wit e HinuEaTEferRHEE o Fia.
2, qwgrggbe(;gm fmrﬁggq %6 e ASHECRLH ﬁamt&w@e@leém.ag dLﬁfa'ééeﬂi and

ate |ght Intensity, relative to |i
focuséd natd getertns B8e dTtw lighdtietensity measoeed af ihig de or is used to

cal%%rf@ﬁﬁgﬁwgeéﬁ@i Ve U inibhslly meagu £ 4fideidfton 7o
reshh QUEman ofe%deﬁ@e cPhisSidAPréducdd AANRI the detéstion Lne. .
nIlmalteélJ as indicated. This light i

) S
Dlveegerﬁdngedfrbrrbﬂ‘ned_liﬁ) @alsar@m@tecbﬂ‘lr@@@h A oaypala%é‘fa;@ 72,

d. th fI
oreb e GRS ALRBRE b M Rchecion froma
rightehgl8 Yefiutingi durRice 74, laﬁddﬁé'r@ﬂ&ded beBﬁTﬁB\theh passed through
frequenc conmponent s produced b

a band- tec gAnontained Imadiltgr ise ¥K§|l®th%dﬁ\ﬂ9% E()Eﬁfe%d

G B T i, oA e O £ . o
and g?%@ggﬁ@gsgeﬂ;tgﬁgﬁﬂe |ty lc?haiw%verraf W&hn‘ledrekspenearen;nlssmn
warelengiiOne preiered fhu”eg % 2 eDrcomndbRis) bandagss olier. cBhe
reﬂg%&§¢z ’tI et ﬁﬂt‘r‘% QP héb’l‘éﬁﬁfme%@ of Bl@PehbY ré’ﬁectlng surface

e Sanpl’e reservoir nmay
SOfWhtchEHer%Ehwmds luye Befreeieébgidrln’mcqblestmm memltv@é Bevin the

mlénggur b ‘éﬁ{ Lr@ﬁ 'B% @%@rq@cﬁan ngiﬂplﬁﬁlgé:'sgﬁw% e ltefsoe elly
may be further enhanced by a reflector 82 positioned below the reservoir on plate
64.

As can be appreciated from the propagation path diagrams shown in Fig.
2, the above-described paths of the excitation light confines the propagation
paths along the directions that are substantially in the vertical direction in the
figure. In order to minimize overlap between excitation and emitted light,
fluorescence emission is detected by collecting emission light of light directed is
substantially orthogonal to the path of the excitation light, that is, in a
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2, the above-described paths of the excitation Iight
confines the propagation paths along the directions
W bat/030085 substantial Iy in the vertical directPONUBI904/034991
the figure. n order to mnimze overlap between
excitation and emtted light, fluorescence enission is
detected by collecting em ssion |ight of |ight
subslham@aﬂ;ebommrﬁab@mﬁmnam the Gguneo gbrialenitied m@ﬁbiéterith@r passed

direi M35 epbtse swdter o I Pe.oiost et SERTIAR o e
surfbée i pasHFS mcw@mdcutedmtrmopmslmldemm eolmnon

the optical nodule or reflected into this Sl,tl %
resejyom ;Easlﬁedélghéﬂlr@@ﬁdﬂn@@le@@at 88 Ipintenmally pfirgied bYidye

f |
curyett 5ttt sETgke Be' B Hghe; e Felfecty ) did fehiipssed
thrdughl £Altéap sontbael i8S filteranserbbit g Tdedfiitgr és aéfanelepaﬂs filter
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et e P e QLo o e S50 o e s,

rep%%%hﬂﬁg %xkﬂaﬁcﬁmgguéﬁc%’é frB{nelﬁ thED eDRPterred filter is a 505-

orescence em ssi on wave repr esentin
540emei (gréargrbdndpes fittee sThe ﬁnemhleemﬁmoncb@rpn%f@‘%cw from

rightanaia eafiecing ST dam L faikeltbasang Irbien ghiferoing
optfcsf L&Fhdd 902 ¢h oﬂ&@e%r 7N @ctheptmessiresshileasiopugh

converging optical surface 104 onto detector 70, which
fludrésceneasmission frmremannmemmater|abméb@énﬂect@ﬂ KOSEBYPIR. r om

| e
P s s O L
asp%%tcf[ Hf‘é*sirfyf@hwcﬂ@ét%la%h@baﬁ ﬁrhpilgh%rit@di ffepolpbiysdne; part,
enmented in golystyrene poI%carbonate

polmmmt@/m@m@t yipethacrytate oot ebep mers haxingR relatively

highyi %ﬁ@rgﬁ 8rﬁ abﬂgg%%gréqtfcg {ar?ﬁéé dlngtﬂgﬁaa?ﬁ’édlélm

emﬁgﬁj@ﬁw tt]h’e Eﬁtl ﬁe@é?ﬁ\tﬂy wr;fboaré\edrfgira apsihglegpolymer
a ou in other e I
matsirtal calthguahriniclesr me@@m@dﬁ%l RAVTED B s UG aIRaT
I L, I
reftZBlipG iy s BRIBERT  PhlardfedtingShrfaeBich (herpRE G are formed

by prl@/}hg:@h) la)dhég‘lve tapd wahta neélen’eVaboatmag |on¢>yvapp1|ymg|@d|eﬂect|ve
pl asma deposition ods. . .Refl Bt on

et GoBNGMYILY PRy ARSTER gREP o e Bt o T er o s pilfin the
Opﬁ(?c'{l U1 Mgk Tﬂ)@ch&théH?fb)t/ Eﬁaﬁﬁférﬁéf‘ ﬂe‘ﬂécﬂlé}ﬂ(fﬂl'\!)f pridvRied

Mmeric icientl herw se,
ther |@‘fﬁaeti¢/e irelexaztthe gelyooerd cmateria emsufhn@nﬂm rhmh uetheswiss,
reﬂecge(la %ogt?r?gsl onﬂd%terlhjscetdjre 30 is detailed in Figs. 3A

The construction of sample-handling structure 30 is detailed in Figs. 3A-
3F. As seen in Fig. 3F, a structure 30 is a microfluidics device formed of a
bottom plate 32 (Fig. 3A) bonded to an aligned top plate 34 (Fig. 3C). As seen
best in Figs. 3A and 3B, bottom plate 32 includes a tear-drop shaped recess 36
formed in its upper surface, at the upstream end region of the plate, a central
cylindrical reservoir recess 38, which will form part of a collection reservoir in the
structure, and a downstream recess 40. Also formed in the lower plate is a

circular alignment recess 42 used in aligning the lower and upper plates when
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3F. As seen in Fig. 3F, a structure 30 is a

m crofluidics device forned of a bottomplate 32 (Fig.
w@2goshogrosed to an aligned top plate 34 (Fig. 3B)T/USH04/034991

seen best in Figs. 3A and 3B, bottom plate 32 includes

a tear-drop shaped recess 36 forned in its upper

surface, at the upstreamend region of the plate, a

the bwtarabong}ed tayethat, andsetabot4 used insaliggang QOICﬁJ glement on
ar i o{l a collection reservoir in the structure,

Strusmeé a8l PESRSecess 40. Also formed in the | ower

pl @cﬁléléerﬁ@hé\ﬁl{héboﬁéﬂrmmrﬁf top piste 342 angdaxith reference to
aligning the | ower and upper plates when 11t two are
FighSGHEE, tamyénmierrecawmgaom%ng& s &rmed al ﬁh@mrﬁ&e@m end of the

optj cal o)
platgh, A P hETRC R et AGHESEIrrEe 18e) Side (R 3fte has fwo
sepétatB chehferssgmentskao &psﬁé‘a&i'seg{nsramﬂaeexteodmg ﬁnqn an
opening 46 is fornmed at the upstream of tla f’i
Upskﬁﬁntfﬁﬂdl gicape S$0dAAGRINraA reSHr ﬁ%’ﬁ regess QY‘E'@ rgam
{he t
B PR AT o
Redeees 505841 and ackuitingl portieres efothannet eegments 48 48D,

d
resBoMNELY, GamSIPTYIN B8O MW b SEE BESe52 [egrin®
eni egi'\ﬁ |velﬁt$ét3% he@%ﬁ@@ﬂrc@ﬁﬂﬁi@ﬁér&d@asﬂ&érvonr recess

ar'e shown in enlarged viewin Fig.
38 Rethessoti?n pkrenamnd farmsahgeawith, é ewaﬁegnblgg)stmurﬁha

CYIBaRERAOUREH S rERAG PR enaF sl FPICT obRE SR Sohi88: for

det%égé’r?tdérv\ﬂsc%ﬁd baIEWi 9 lanc@ldnisiaiyosmbedienertj thebeollgetign
Ich labeled spermw |l _collect for det ct

resesvaii ma@ytﬂn@mab\radms ghbetveaan B.1yandhbhsannand a o'

oethendon 501 EiH { WnpLERa aee oL tﬁe&@gﬁﬁo‘f@oanadf
mmfm to produce a knovvn vol ume of between 0.001 and 1

mB8. Just downstream of recess 52, i h t
48bJustsioavrﬁh@aﬁ@pf EROES6 0258 ¢yl §E§”\Cﬁﬁfgﬁbf '&r?cgrr‘r%eﬂr}%e'

detgg{ éé'{]: ga?ﬁi {:her c’bloﬁ? ?&ﬁﬁﬁpf@\)"’ﬁf;ﬁ(ﬁgségé rm BSwpns)ttreleam of

theSdstoan, @Mﬁgdhéﬁe@yﬁeﬂiﬁﬁmermowﬂem @fcmatnle\&permimeyond the
m crochannel in this enbodi nent, neaning the two
reser@ochannel segments 48a, 48b, have width and depth

di "RR$IR8F aBBGE the microchannel in this embodiment, meaning the two
microchannel segments 48a, 48b, have width and depth dimensions each
between about 10-100 microns, preferably in the range 15-60 microns. The
microchannel may be of any convenient cross-sectional geometry, such as semi-
circular or rectangular, and might be up to several centimeters in length.
Functionally, the microchannel, and in particularly, microchannel segment 48a, is
dimensioned to allow motile sperm to advance through the channel in an
upstream to downstream direction, but within a sufficiently confined space that
the sperm have a very low probability of reversing their direction of movement
within the channel. As will be seen below, the channel width and/or depth may

accommodate sperm moving through the channel side by side or may confine
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bet ween about 10-100 microns, preferably in the range
15-60 m crons. The m crochannel may be of any

W@ owsesiognt cross-sectional geonetry, such as BEMNS2004/034991
circular or rectangular, and nmght be up to several
centineters in length. Functionally, the m cr ochannel ,
and in particularly, mcrochannel se nt 48a, is

the €peEn 0 simgte-file mbtiow imthd formpecase, 03 ghwidth mngudgpth

dmbe s She rerey peP e SRR AR Tl e e,
bet@@@ﬁ l{b@-}gﬁg@,—mg,rcﬁsl ow probability of reversi ng thel r

recti on of nmovenent within the channel. As be
seeks tan beappheciatesinen the fengoneiesCrigipns oﬁﬁgates 32, 34, and

ror§ 958 TR S-EBSHRBHA R B e el iy Prpening

46, BridnBis griBsmeRFfcateb aniheleceksi BB imthe mmrfplalheﬂerfsrmlas
are preferably between 50 m crons and 100 ron

sannpie—tegeiving staélpné’cin AbitsAewneirearn Shds reges OB%f?éPS with
upsFBE Rt Rient B8R e LEPECHRR, SECCAmIlY Hehsfer TIRURErom

rec@s$ 86Mmhte rebéss 50@ind ff@m tiwie rogeszpiato ngcréﬁhammi 48, w\ehere the
port conmmuni cates W th recrgss 36

centigl region @ﬁﬁ]@mg@gh@nm@ i} @rrweg;br;/ %lnpflggﬁmﬁgﬁ‘?% %siervow
60. eppqrpl 'il‘ﬁg‘?ééer%gr ﬁ@ﬁ'l?@%\% tB dmlé%héﬁﬁéﬁ%@fb recess

or capillary transfer of |iquid
54, fwisioh roaeﬂaps %cesstéhi) raetmgm astrdatdemquudm inta draie Ee8EVoIr

oty Teen SO ontin B85S ol i 1 i 1l PR st on
des{cﬁi%%g‘fﬁ'sfruéﬁrre 5‘@%’@/&!:& Syf fRRArWie & sufthbliediguid vam Cdﬁeﬁiwmf Yo

m cr ochannel 48b to recess 54, h overl ap TC'
.sotomesalt aﬂutuan,tmngam@factwe;am@aled dioa o Hsa Wt—m sample fluid

er\v or me
e thdhe deissp e saplapenautl fsdietdaiug fh Hidgdmole
rec'eﬁnr‘ig’ Bizfidh! Bﬂérh’l Ehtinied 18 tise bambles dnldormwl |rrrtrda smmple—
g., Isotonic salt solution, in manufactu

recsemh@dtqbphobe@mawmky%dlﬁtrw grpugheut; tQ'%%I@E@I”’t'B'“?HBQ the

deV| "
sl G ATEh B EReL e Beidtiip perm
moSIfYArR dé\ﬁ@tmﬁomerﬁhmwmgwp@rmcaS‘dleBgrllse@biehuw becone
qui‘ckl y distributed throughout this. stati

i ni Plades dg, henayebe é@\br&at@cbeﬁlngﬁﬁu@%@n aw@osrﬂf HAyaer
el ey R pn e SRR R bt aodt
or é’h?bﬂfér%tlcélﬁll trapsperehpolymer edicsisigdwn tepraide well-defined
and stable moldecl? fegtures Alternatively, the plates may be formed by well-
known surface fabrication methods applied to any of a variety of suitable
materials, such as silicon, glass, quartz, plastic, or other polymer. In the latter
approach, the channels may be made by laser ablation or chemical etching.
Channels of the size proposed can be achieved by focusing the laser used in
ablation or by using microlithography to mask the substrate before etching.
These processes can also be used to make the masters/moulds used for
injection molding. Each plate has typical width, length, and thickness dimensions
of between 0.5 to 2 cm, 2-4 cm, and 1-2 mm. Total thickness of the assembled
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material, preferably transparent polynmer such as
pol ypropyl ene, pol ycarbonate, or any other optically
W ec@sspmsent pol ymer which is known to provi dePCT/US2004/034991
wel | -defined and stable nol ded features.
Al ternatively, the plates may be formed by wel |l known
surface fabrication nethods applied to any of a
structuiesisytypitalliuR+3ab nmnReeesaithickness dimensionscether asor

el OB o U P88 T 1o Pt B ond

pla@éd ¢herdligamedt Wthnthe ShetRBE|He Bontbd b ctmvmmpnalemetrmds
be achi eved by focusing the |aser used in ablation or

e.gbychesnisgllrialedrastatingllipenthreugtakeatiand RigssHe(TdsIgRRANGING).

B RS M0 PSR oo

colisied iaavi MC@DWdﬂ ,oth@ﬂs}:tllhrstamuétlactok ndbesd |dmrmscare of
between 0.5 to and

InQXﬁBBﬁM@s@"@ﬂet haveddambirme: r@@é@ﬂﬁ?&?ﬂﬂ@"%aﬂ%n@m%ﬁ range of
wa%g%ng 6!@@%’[&?&%@9 %Hﬁarﬂ] S|9rlS tar@NPﬁ)M%-

oGl mDSupph\@de bﬁ/ dzlmmyaawmldh ecmshs light prlman@nmehhe hvlue Nvay@l;angth
anot her re bonded ntlon

arGREHSaHT ] el S8 S eeECI T gae GE s Bgponaad phptpdiode

supp! W@eﬁfr%ﬁicon bondi ng). The photodetector in the
assay -apparatus nmay be a photodi ode, chargecoupl ed-

devAsa:e(nmppmcnaiemornElgsd%\t%E dhesndicabmodulesisaddies the

coffehuc e RoUonaRs e i el oy, 8pd iy Bigped therewith by
a é’é@t‘éS'eer‘?\%Hs %@Rﬁéérﬁ e ¥ Ppﬂilfefpfelén@éntaa?ﬂ aitaeer taﬁ% |n structure 30.
exenpl ary is a 65- 0GlL LED supplied

Thempﬂoghelemﬂm*t aﬂwft@ilnemllgn%@n Platedd h)x/lntﬂrdm@tl@m@lth a

?%Fgﬁge%aﬁﬁ%%%é ght lé?ﬁég qleendpl%’se 64, which

an@em p@ S@n the optibalbeodpler eci at ed from Fl gs 3A— 3E t he
optical nodule straddles the center "cut- t| ons
of tlhe dynerndes of apersn siatilibt thaballawifarauan 'gﬂ of sperm

h
{144 b8, 8 e R SRR ARG JEAa, The Tourgs
sh@hﬂﬁéﬁhlcr(ﬁ:hfauhbhmrtlahsgjﬁmicrmﬂumillc&strlﬁnurte/so including the
|nterd|g|tat|on with a_mountin rLried on

dopingireapuendpf taRdJigGRSHRD; MLTAET acnrrqi Ssgaie@ td5a. Grietion
re?ér\/&'f’ 6P ?Hﬁ?@c%taﬁﬁef’%o%ﬁ@r#t A8 uhren Bietrds i &peRsample is

perm nb at a uantltatlon of sperm

flrstnmrdeUQedantb tﬂmmhe\n@e cHt tiaod t=\0e tl@bbelectspeﬂnmsehl%ltnet@a%mple
4A-4C.. The

qumk?y distribute through thg HmdS contained in the sample-receiving station.
That is, microchannel segment 48a is virtually free of any labeled cells, as shown
in Fig. 4A. Over time, e.g., at time t=t;, motile, forward-moving sperm cells find
their way into channel segment 48a, and begin migrating, at a migration rate
dependent on the average motility of the cells, toward reservoir 60. As motile,
forward-migrating cells complete their journey through channel segment 48a,
they begin to accumulate in reservoir 60, leading to an increase in the

fluorescence signal measured in the reservoir.
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show t he m crochannel portions of mcrofluidics
structure 30, including the downstream end of feed

WO e@e®37080, m crochannel segment 48a, col | ectiPCI/US2004/034991
reservoir 60, and m crochannel segnent 48b. \Wen
pretreated senmen sanple is first introduced into the
device, at tine t=0, the | abeled spermcells in the )
sanpihe apaveiesii-aigration eventshas diphitested Indiupresegnaendgiection

Lk e PR Vi o Thahy i hC |
wilshy W eSRERIPQIG it e pRARHIR B OM e Sy RBRRERRE
flustesgente ifagsorié.lowissckgromnd kvel, anattremaims satup, till time 14,

notile, forward-noving spermcells find their wa

wraﬁlalﬁhg!’edst@yﬁlﬁgt begin ta rRAGNEHEICReRyPHL iAggr’nogg aad r%orier\tageled
cetﬂ% gfeg@: ﬁggbcrctﬁm?%mjggg ?%soél?{r?oi&gﬁe %@%ﬁ%ﬁsg%d hiibresBEnce begin
to fieeyiarthisigure; shayingld lnezomisketver time pagtdyunithya slopeugh

ch‘égﬁé ?@hpsr%%ggﬁqt:%(ggéﬁdw%%gﬁg&In gyteeggr%%%#qﬁggt}\% silgpe back to a
zefct;gﬂg%stﬁﬁf‘,cﬁ),sﬂh%ﬁﬁhe 'f‘ﬁ%ﬁ%fr@g fbr”mfd?fﬁtiéﬁ ofEYeirh ceﬂé‘iﬂi@ugh
above cel |- din

gration events, as nanifeste
chahpelrsegreentelGhecartbe cletetiminéd t he reservoir over tine
are-plotted in Fig. 5 At _#ti t =0. sured
{1 udsseefiten’t oot byl Talig ol Y iiopragapsor and
poniT8d Aaths shdlItidtery.i TR aetecm%mdaa@gfédigweld%j i AD
begin to reach the Teservoir. As nore and nore | abel ed

copeenter peepmparatercanhtien foiad inHbe nisepyecessarsdRAk dhe

mERRTPEE e LEPTRIES BERelfahbitonlt) kPbRue Rofs gpic
deebabgebelow. | Tiee eseinciiditoraitructior apeié aticroByocessor will be
extrapol ating the slope back to a zero-slope tine, é
evident fe ope skilleddnithearts Brvigwqf e oHtrsft apgddpdicakpperations now
toBFr %Hbggannel segnent 48b can be determ ned. The
el'ectronrc conmponents of the device include a
m c T steps perfoandd hywhe e viget icaopnoeessdrain egiryyingloat these

detector signals are digjtized by an. AD converter or. _
asER 1 GaITTURAANS: [aIPR 5T BRI CIPGrAM i FifoRy JUNSR samele is first
licEO t S | -
=Bl HE CELEE B8 86852410 RGO BUES o p 8980 dosin
a cslugtive pdthvems beineanowoodlettiedes, o dipe otieropoocadsior, dedting a

evi.den 0_on illed i.n the art, ipn view of the
AT o hoeP a51 81 Asunlin BRY Fseectné deetribiousha
SWhcRRST RS IcRBAg RYsdriz@r 68X ifSiEoFbIEGARFREAEXAAL is! dbvering the

carrying out these assay determ nations, is shown in
safmpbeeillagiVhenitine Frefectve wwnen is eerpoeed, dheisastple is activated. At
the same time LED 66 is switched on, and the microprocessor begins to receive
time-dependent fluorescence emission signals, at 114, from detectors 68 and 70.

Optical detection is continued for a preset time t; that is long enough to

record a reliable plot of increased fluorescence in reservoir 60. When this time is
reached, through logic 116, the processor analyzes the fluorescence curve to
determine a slope of the time-dependent fluorescence curve, using a standard
curve analysis algorithm, as indicated at 118. From this curve, a "zero intercept”
where the slope intersects the horizontal baseline is determined, at 120, and

from this, the average time of travel of active sperm through channel segment
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added to the device, as at box 10, a signal is sent,
e.g., by sanple fluid closing a conductive pat hway
wheddezisi wo el ectrodes, to the m croprocessorPCEHES10041084991
a clock tinme to 0, as at 12. Activation nay al so be
done manual |y through a switch or by connecting a
sensor to a foil or plug structure that is coverin
484 Kte-ts)amual &n weeﬂagewmmtyrm rpmfﬂee@ermare@ieéermieed aﬁﬂ%@dﬂ%
t he sanp ed Al the ane e LED [
resbREtNEbd THAL Saflant I Kot prueosIERe pLlPRe- oo dde kigwn
IenrthTSf SlenRf %Ebnfén@ QBBSt‘P\%ﬂﬁﬁe bBth of BHvAlS celdd inldtforward
rom detectors 68 and tical detection is
diredfion moemgf@ilsamﬁ'ﬂeﬂm clnarmel can g caleulptasy(raieot glistance/time

t); S68 SisRideBy VeikEPoih oBPellos GRBGS0E b SOERS BRERIY s .

dispfayetiie ﬂ@égggsgpnz@nal yzes the fluorescence curve to
determ ne a slope of the tine- degendent fl uorescence
curve dahernmgeaiegﬁava@émt@ﬁwnaﬁ £ PARe ol thertinpengiepgadent

ool feRg e FERANBofEHEs P 12856 ateseatiuaiy o
kné\eh efdpeze daclatrefrz@entimgltifnecdegdrident fluerezceneg enddsueeoént
travel of acti ve er m Br h g?nnel egnent 154
taken undsy deniicahCandiane WiB IBETEDt KTOWS SPRHTSEaMIPS Rored at
13?1‘:%\% R hoREhdwR in Iedi %l#l%s H?éélbtﬁ@'o\f OPér ﬂ@ére’s‘éenéé @mve for
average tine travel known I ength
sawbleizadjesteddg mEStandatnjzechexaitatien Mtens@r ot a:azmpemsate for

G e S G PR 58 i e
defica! %ﬁ?dttthg%ag]de cdhR éiT'H SVbAIRIMBBEISIr ¥s afs based on a

qualitative indicator of spermnobility, is displayed
stamiardheedleacntaattom\mueT@udeberrneth@d@e‘ﬂscurwed"ﬂtlm@anﬁénatchmg

orS BRI Rhe i Sh 88 Gt B BRI G Y Y ng sty of
md¥il&!5p&rnk Yh He é@\ﬁp@ islcepRBite® Ao thesasgitcung 134, and
ti me- dependent fl uorescence neasurenent taken under

dlﬁdmfﬂdt@dhewﬁdﬁt 13Bs with different known sperm
sanpl es, stored at 130. Although not shown in the
figure, the slope of the fluorescence curve for sanple

B. | MuRitbrissostital assembingigh diraedsqirce ferhiain i ntensity to
corrpensat e for varirations in actual LED excitation

i nt Eigs. VA and 7 Beshyeartical gempensntsgh anmassay RRATElIS

I .
coffrhh aHRErATTRY & OS2 Sl R g
anrmitlkceblmoﬁore with \aedlfedt{sougpaﬁwmaht S8howg inrtiee figlite &meoavsupport

ple:\jg ﬁgof}gugpprtmg t ereon Sﬁtuﬁﬂ Vﬁt sfource §I4E’a g GE)’airacgf p]h%%ddettggtors

144, 146, and a support block 148 (shown in Fig. 7A only) which in turn, supports

an optical module 150 having a direct-source format. A sample holder 152 (Fig.
7A) formed on the optical module provides an analyte-detection zone at which
fluorescence detection events are produced by fluorescence excitation in the
sample holder, and which is centered a focal point 154 in the sample holder. The
focal point in the detection zone is located on a vertical axis extending through
the center of LED 142.
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notile spermin the sanple is estimated fromthe

best-fit curve 134, and displayed to the user at 126.
w®@20adblosioBEns optical assenbly wi th direct-sourPer/is2008034991

Figs. 7A and 7B shows optical conponents in an assay

apparatus constructed according to a second gener al

enbodi nent of the invention having an optical nodul e

Wi t AltloutilT eott stewt herd, dnerappar@ituswaf ihis emeotiingemtealae incudes

a hauBPgevithon extesant SRRy RO R iR ST PyghAlEh pample
ma§é+P£‘i’§ Fntr%'d%éd 48 thebp rdtﬁs Ehg su%@hé’cﬁtd’ﬁwe\/@brﬁblé tolder, and

turn, supports an opti havi n
a cdntrebmnltswbmeoﬁ&mtmto actwatmﬂhe light gewrces Qequegsugmﬂys from the

d t | .nod
phoRHRTACTS ceuE BT, 1S einBh & PEREBE anenalyts rom he
ﬂu&égeéﬁc@a@teeﬁ@rﬁi §Pgﬁ>éléobécfei\}é@rfﬂﬁﬂ¢jh©&x@te¢tbatl “an This Uhshown
ol der, and which is centered a focal point t]{

ampl e
componeret @ambeesumwaral asiescaked apdillvstiaied WEndesRes

|
apBaatin A0 FEE HeRbelat bl iRl ostiier uft Wi depend %QH?%S&‘V
forﬁr@ﬁ) aéégzﬁug)r(\tgfé? Egltsi‘ggglﬁﬁ;wblgg melllgdrﬁ;wndi}mcthode?f akiionshagrt.
an
whi Dlodkibbe, Waichis faries s Brauaned SOl TRLspESER piece.
ge@ﬁ&llﬁ%&ud aﬁ 2 Eﬂ@aﬁ%@ﬂ@n hgaE(*ﬁf fohcﬁgﬂgﬁhrggg’ﬁ‘d'rﬁLEW”I 42 within

oper a Pa activate t receil ve
a feca rragns)nfcfamereld@tﬁboailqﬁmteft&% ldefmlemgda deteetionh zenelie the sample

noRlegcAnite evaieaBLpsIa T e stbb # Puring fluorescence
errf?&ﬁ&r?ﬂ &5balcddth th%étglz‘ﬂﬁh?%b BRITASHABEeERYorPRI4. A notched

sta I'al” as descr and 1llustrated with respect
redion dppdreitvasn 20e twih subassamblias mey b fillediwith ab mpegue material

I i1l d d th f
to 5@@[%&4%%@%%@ BRelh ihetaravganaom BEERR ™ 1% ne
ar t ThiMost Cﬁ)&l%%th%léﬁlehﬁlr’f @FSRGBNE portion™ @ Isya edonvex focusing
si ngl e 'nol | astic piece, general |%@I ncl udes an

optipaltaustace 188 woish 's6e$'ca cone akligh} 162 RemslLih1d2pandsorms a

coluier oG et kel Poffes FeBed i teRingine Bieptign zone

in ﬂ@"&%bl@&ﬁﬁl@@r‘f tTKPe.m oﬂ;ﬁéblfs@ﬁabéfﬂwcdls@ Ecmd réﬂeclssdme of the
fl uorescence eni ssi on P roduced in the detecti

incidend light ffoﬁhleEBdlé’t?eb@@? of molodeinstion S Al g Sighal from this
phggédaéﬁgﬁﬁt{%el# e‘gft X S :'fgé ﬁﬁt @Péhsﬁ? I@g]mll'gg)r ?‘ﬂllé hy érfl%?ﬁ:nbed
ab®le &y appgttug 20m t he LED

The downstream portion of module 150 includes, as its critical optical
elements, a first reflecting surface 166 which "sees" a cone 165 of fluorescence
emission light produced within the detection zone in a direction substantially
normal to excitation beam, a second reflecting surface 170 which "sees" the
reflected cone of light 167 from surface 166, and a focusing optical surface 174
which focuses the reflected cone of light 169 from surface 170 as cone 171 onto
photodetector 144. Reflecting surfaces 166, 170 are formed as in the optical
module by coating a portion of the back and front faces of the assembly,
indicated at 168, 172, respectively, with reflective tape or a reflective metal
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The principal optical elenment in upstream portion 156

is a convex focusing optical surface 158 which "sees"
wa@2@sng7oed | ight 162 from LED 142, and forns aPCDNB2004/034991

i ght 164 whose focal point is the focal region

defining the detection zone in the sanple holder. The

optical surface 158 also acts to reflect sone of the

coaitiﬁgl :lﬁnm e arht:lerféfdw thEDHEAGN i tiesk reffedibotrediens chownl#is] 66
ancE 10 popreaetanly IARS ROTERSPL Ja FRCTE S HiacSE fhat Bontribute to
the%%fééckéﬂe?agﬁﬂég%lléﬁ‘li@gﬂﬁg lté:} LﬁtﬂnatWréé@NTﬁbr;ﬁ%detector It

ion o as its critical

willeéa balunelesteod thataefiéatance erfayetm bydotelinternel efiactanee (TIR),
seeﬁ)@ga cone 5 of fluorescence em ssion |ight

as des| ERAVEhi n the detection zone in a direction

r eﬁ&ﬁ%r& 414!33/5 %&Bbdto? nﬁamﬁ@d bloR, BrASIabl 6689UE| having

ectl ng sur ace 170 "‘sees" the reflected cone

mtemhaususmcesﬁ%mmmwm até?@e@?s and $80.dbataeepropedats the

varly Bt bV ARE T 830 10% 148 GLSAI Pl A temween

LED4H2 5@& bﬁéﬂo’d@ﬁac%ﬁ’f@@ eadicad kﬂy7é)rr@W814fSQenIECbaween e 174
optical nod by coating a portion of the back and
and pba’todemr b44 tindicatesldbayiowi Wdi-cat ed at 168, 172,

resg{sctlvg\gill %’b é\mgﬁpefé V& éﬁ‘&? é%fll?ﬁ[lrﬁfd fof GeMRtively

be un ers t the

filteding thiei S@ltatied igietttoesmoveistray light fonathebLBDd 170
represent only those portions of the re&lect

sur Fige @suwafs@te% BREe SOL AT 3 Flenosles SesaLapRAlS in
whlchgtFE p?i%ﬁ ! un */S% %ﬁﬁ@%%é@ﬁe&h@é&‘éétf@ﬁﬁéﬂ but in

ectance may be
whtdhtaibon@ﬂ §8r¢mfluoﬁsjcentamms$@h Rpht faismcaade’tectied zemeVvle' 9 is

refGoiLeY i) 'ﬁéef?eﬁ'@b?%dr@‘” TBC Broifind 8 onBifuEhe 1oy avnicn is
se%r? E 9@@8 oﬂe e Sgatn%i fob@sdd anef @bh@fode*té&lbr 186

i ndi cated by arrow 143
thrbeghvad"rhtetEEB4142 and phot odet ect or 146, indicated by

AU u3F B BRI phE A B EPL55 g ran
thdt%h%vs)%H‘#P@'f A bhd 7B, S| dter hé@'t@@f E@Hﬁnf ativaritbges.t Fest,

excitation ht to renpve stray | fromthe LED.
theFopticas triain mwoh/mga@eﬂ@ptlm ﬁpﬁttwq)éwé@h@%s inihg FigegifsdB cs

onfiE g PRI o bl A PR, S R tostiowr
approximation in finished form to circular cross-section, since a more spherical
shape or circular cross section in @ molded article will reduce shape distortions
resulting from unequal rates of cooling of the injected polymer. Secondly, the
embodiment of Figs. 7A and 7B is less sensitive to misalignment effects between
the focused fluorescence emission beam and the photodetector, due to the
longer path length and the narrower cone of sampled light provided by the two
reflecting surfaces.

Fig. 9 illustrates an optical assembly 186 identical to that described with
respect to Figs. 7A and 7B, but used in an assay apparatus whose excitation
light source includes two closely spaced LEDs 188, 190. The two LEDS have
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whi ch a cone 178 of fluorescence em ssion light froma

detection zone 179 is reflected by a single reflecting
waesas®sB80, producing a cone of [ight 1 whi chPCBUSHE4#034991

by a focusing optical surface 182, and focused onto a

phot odet ector 186 through a filter 184. Although the

Fig. 8 enbodi nent has a sinpler optical configuration
diffetent excitatiorheaneliengtfisysuclt Asdhue @Bd gréen,| eithise forhacitingotwo

tant ad F t.h ical [
TS Ianaer SR spaes Inpaiitls AFFhLed trfof Rurhasss of
ger?eﬁ‘a?ﬁg FUBRHCERBE e'rﬁisﬁ@ﬁ Ir88dihgs HONPiHaSdme Bpdcidkl ftado

due to Its closer approxination in flnlshed form
dlfFEDermwaNdlmgtbs,osg- decpunposes oh ebnmahtﬂgmcsba@alytmﬂuorescence-

ul
el N PUdSe g papaeorbe eo PR G SPLRRbellEen abou
0. 1%&% rfifn, WPfélré eacRiEIRas Bilept Behisby BRsa typReMydfabout 0.05

t e embodi ment of Figs. 7A and 7B is |less sensitive to
mnm sal i gnment effects between the focused fluorescence

o 35108, 164, 20 b BB AL PR
cloBeRVEpER@dmhal yie-deectiosf 2erisi 18, S96findles safriple helder, glvmg rise

illustrates an optical assenbly 186 identi cab to th ?
to @l@@@lm rpeighing Hiareseritae emissiggsCones Hf 208, inghe deustieam

sofdhRTRAY. OB PR ERE  B Uk w Sanialy e

salgqlé%rhag of ﬁﬂﬁprﬁétedtetﬁdct@‘;aﬂz and are ums’etr@’(gﬂ lEs, equzmeaisrays for
ue an

PUERAReS A bl e SayrSamihe SHalraEuibis Ge Fperatus i

de?irﬁhBastﬁ%e@cctlgélg%{cﬂ%ﬂégarfd F&b?@ﬁﬁ?r‘é%c@ﬁbé éh@&léﬁ@%ﬁ%sat each

€ Sane Specl es at two erent wavel engt hS
waegelpngtli sepanatglps dsbarid pasafi Itm"tzoﬂgmyrbeam@tceﬂlter stray light

e ot
sel‘@&ﬁ&&y?ﬁ‘éﬁﬁnﬁﬁﬁeﬁ% @bt xSt \Dé\/éléﬁgthbynltéﬁidtwe@/f the

about seen in Fig. 9, the cones of g
comurolmnnhmaymelmeetoan@ve tmdéﬁ@r@mt fdless i1 gnG put@HDOSI on,

L 96 in the sanpl e hol der,
acg@r %Foﬁ*@éﬁf[é P%%@Eﬁﬁi‘%iﬁ“ g fluorescence enission
congsg, MPBillugiPites %n%lﬁuc@%é%érﬁl@l@@%@ﬁﬁl@em)mat justelescribed but
light rays fromthese cones are focused onto

maglified fortuselinyan arsayaRPasIUSiNGYINg a PRE qispesadlElR08, 210
(6.50% Y0 H1Ge LAY S IR A REY Y8 rEPorldNG pE‘P of spaced

photodetectors 212, 214 and associated band-pass filters 216, 218 (e.g., 505-
540nm, green and 580-630, red), respectively. In this embodiment, the focusing
lens in the upstream subassembly, indicated at 220, is a split (bifurcated) lens
designed to focus light from each of the two LEDs onto a single detection zone
226 in a sample holder 228. Fluorescence-emission light from the detection
zone, in turn, is focused onto one of the two photodetectors, through a split lens
222. 1t will be appreciated that the split lens acts to focus fluorescence emission
at both different wavelengths onto each of two photodetectors, and that filters
216, 218 function to selectively pass fluorescence emission excited by one of the

two LEDs onto two photodetectors. Thus, each set of reflected light cones that
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pur poses of origin of the em ssion source. The control
unit in the apparatus is designed to selectively
wW@ews03toes and record fl uorescence em ssi on evePtBUS1004/034991
each wavel ength separately. A band pass filter 204 nay
be used to filter stray light fromone or both of the
two LEDS, e.g., by conbining tw bandpass t hat
are ehwnlarm%ttngaﬁmmthe detedtion atinef andridclesed ortbiane of the two
e control

h i |y, i
delialors: EhraSansahe IBR ey chies et eash by Biat Phglodstector,
aft%f’ﬁl*tér?rﬁ‘théﬂ‘i‘é%@é@ﬁ r'§httr9 $ 'ﬂﬁoh&l@ O%th?f\fﬁé efo "Han@fb’asfs' ﬁrférs

ustrates an op |ca assenb 206 simlar
t hatt willste aimecnab@ﬂhbwﬁhamdulesjllluetratﬁiemu Figaud- ‘a@;saly be

20 BR 4 Pyl k3SR Riret L 3 RRE SR B PR pfnd ot opticai
suffaté iPdeSpAceSt atsmméh ﬁttﬂadsm eHeh, or?algmaém y @5 8 E0sdIRfhed
band-pass filters % 505 40nm green and

al@ggnthe3axis pethe, excetgﬁ@ebeam pat nat eaeh @h@@mrﬁbmof hasigontally

anl VRS, 505 Bl gHREL EOMAHARTESRA 1 % ) Bbrpauces
a ddlighindie emigiaahais réﬂ@ctéd@nl&@%l & phatsdetgtter or onto multiple
detection zone 226 in a sanple hol der 228,

spare® phetasietectars ¥4 @Hltmlsgﬁ@htff@wﬁlm% sugace i eHRIOYSRe,
in
onot et SHBEBORRANES & ablimitfate multigie spmples
alcapgoaa eliresti@d nbhmaal toltke aRis ¢bf the mﬂc?:?:ﬂcm beamcpallls is |IlUﬁtrated in
es Ssjon at | er e vel engt hs
Figshild SN2 Fign SHOro a8 OR0EaBOCURE THReT Fhh BereMBresiate
fodr dierbreng %éﬁ'@)lé@&\tﬁﬁhﬁ/&ida\’ %émg@a%n&he 9RaS 98HCERE RS Pk

excli ted by ont o
crqaseseciionat constructibnof teaoioduée lsihersaM&aas ¢hiatl afdhe module 206

cones that . 19a sho nati ng fromthe .detection
ShSGRN Figra 0. GRGL Gt Ry ShBAgho Mg da ot fherteion to
acééﬁhﬁﬁ%ﬂé%&Iﬂﬁe'éa@ﬁ’ﬁlers@é/hcﬁ@n%dmﬁmélreestéﬁ@rﬁ‘ é%(:htef@MO has
phot odetector, after filtering the focused |ight rays

ltStdwroL@ﬂ ssncafsuchas light Bauth%% gaichtprpyiding ajpeir afepaced

1B B a6 208, 2ot 1 el S Bfigueblofg dickas

h@tﬂlﬁéﬂéﬁ@fﬁ 248 780, fa'nﬁ'éés@@ﬂaltéd ﬂl@ér‘ecéucrﬁéé Tﬂél% 252 254 The
designed to distribute Ii ght from each Fural
W

exgﬁatmn%dern&p@ﬁgfqrrﬂzacéwtgtlm af@]éUféSE@n’tl%i Fhdesethed
h,@f a plurality of horizontally and
Wm\ﬁ}gﬁegpggﬁoeﬂgpja@ed sanpl e zones. Excitation of sanple

i n Ghehcardr unrttmlanmsayapbadata@ghmlmnglrgdsdulélzso operates to
reflected onto a sing qut)hotodetector or_onto mul

intgragate et srrmplecstalian individualy, engigachigikR/ H*‘@&inﬁtﬁﬁtor palr in
a SHhPIRRatich MERIQYSR, so that cross-talk between stations is never
recorded, and each photodetector is seeing substantially the same solid angle of
fluorescence emission. The apparatus may be used to carry out four two-
wavelength fluorescence measurements on each of four samples, e.g., different
dilutions of the same sample, or samples under different reaction conditions, or
multiple different samples.

In an embodiment 260 shown in Fig. 12, multiple individual samples are

handled by ganging multiple modules, such as modules 262, 264, together to
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Modi fication of the above nodul es to accommopdat e
mul tiple sanples along a direction normal to the axis
wW@booska7oexci tati on beam path is illustrated i nPEI/YS2004/034991
and 12. Fig. shows an optical nodule 230 that can
accommodat e four different sanples at individual
sanpl e stations 234, 236, 238, 240. The
forgr adisegeatrppR40 of sAFNIR Eegions,cfuchias fegiene263, 2GR Eaekk of

et hORHeR.0pRa TR Resbas 1S3 loriisbures, Yn'ae LED%0s

and¢t©<:rm7m ghbdetddion sacls asphetedatbiion 268Fant agadfbied bandpass
il station, such as 240, has its own Ilght source, such

fil %l’s Ilght source 242, each providing a pair of spaced

lb%r]? ' . pal f

pho Vgll tec %&eh sucﬁ%aghezpﬁh%du Sseﬁccivgr} gwgl %j Higgd 1::12r1<?aCh

desigreditatheddfe & tieear, arsayc of samplel ddestuﬂﬁ%né’émay'lﬁesadapted for
exmtg{#{]on and detection optics, for each station ar

a v@igdy ahilyQepgeriasgay fomale, FUding:a ljaeer agayofnuglgic “acids.
Fu%%hﬁﬁ@lgg@s&ﬂ fe madﬁi@:samaé‘gﬁé\ﬁlﬁtﬁ?@émho%{hd‘92 an be

operates to interrogate each”sanple st on
pla'qedi badfualbdack tamdcematodaEDagianadaray,teg., RxbBrariay, af sample

208G Bt Al S Sa b e oial aris B 3ok Arction of the

exBRAPASERA RXis tn BEYaRGes thgdtABE toaﬂdrm ;slaﬁarsgémp@%rlr@ys

angl e of fluorescence ém ssion. Far at us
us e&ltheughmoy spegifi¢allyrdasachad éieeeigt it will be ra@paéerdéhat the

op{iFf T GTE Yind fhyBRfifn May B¢ BeSEMBY TRIn S eireof 1 BBStream
andlofoﬁ/@fsmtanﬁ QQ@émﬁlie§@ﬂ1ﬁettwe@nb@kﬂm@Hté Illﬂbﬁawd‘ bat endifferent
npl es. n_an enbodi nent 260 shown in

commmatwné ﬁm.eo@mm ayhaplica aéﬁ@mhahm\éug %@e yBsigeany

o35 R i 1 PR g P fnfRfsermol
co@ﬁrmﬁ@n&ﬁ&hé%ut GgSlan&derimai! wolbkee Builablesor baaissay dewce in

modul e 262, has its own light source, such as LED 26
Whgpﬁuthetlgz%@ﬁuwmmé@*@@m ZOB§ @Fe H50R@ @!af@e@@céthﬁ- pfz@t@detector

in éﬁ‘fﬁé?'té Pﬁl'aﬁg sﬁkﬂ@@mﬁ%%m@%eényﬁafgﬁé é‘n (ﬁ’édseéh b%eag:ove
cam @ehaadilyeadapteddarprawde)anoélongaaltpl @tdettc&cmarmst dmiswcmid

acP SRR 28 S esiinhoReiasngmfae Fefacing te Matatonar =
elélﬁ‘szlobggt]éigﬁﬁéh% ASHE E8sevHANNRIro2ABA ZoReki 9. and
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pl aced back to back to accommopdate a pl anar array,
e.g., 2x6 array, of sanple zones, or nodules wth
woreiosiopioes sanpl e regions aligned in the directPOrusfoos/034991
the excitation beam axis can be ganged together to
form pl anar sanple arrays. Al though not specifically
descri bed herein, it wll be apparent that the optical
IT &HAIMED:t he i nvention may be designed using features
of the upstream and downstream assenblies of the two
enbodi nents illustrated, but in different
contli, NRdicym®stiEOBpEARIN R detedipl fRArederRERBEnaM A& d to

t he upstream subassenbly constructi on of the "in-plane
the prasgnce gi@ntanal e m etsedaple appliad Ly theapparatys, eenrising
the 2 -0f-pl ane format" woul d be suitable for an
ass ?)oéldé\(??%:lggi n which the |ight source and detéction

zonéb pa sourceasfeexeltatien Bgtst drivea photoudtdstet Mouhtedin said
di fferent plane. As another exanple, any of the
hoR®AG! es described above can be readily adapted to

pro 1 : . i . woul.g. .

ot A SLARR 5B A R RaIA et AL bfacent s
lighteourcg eatdiphotodetetiectarmhbomptisiogspeci es at one or

ev rrogati.on zones.

o e b DS TERTERainn rhSMa ik foctsiy uess fof recting

exS¥RMINSI gH din® 9aidQighf Soc@ S8 RER Al rédflordithiH ie@a@’te-detection
sanpl e applied to"the apparatus, conprising (a

Zon® irs baid, apparatussand ce of excitation light and a

h t ect ted in_said housi .C) a
P IR0 & it Boffor Bafifu & SHeerudBevs 4 slirrgaandat feast
on8dERSEiNg Safabel fop Bireaiy Meoraseeritot Rl light prafdced by
conprising: (ci) an upstream portion having a first
flupresgener) cvantsEin §Blﬁ&i¢t§§wm§0@&,dﬂ teadirestion; ystantialty normal

to G P I S E S ERob el MFRLrE Bttt o e &
phdaesdsteam porti on having a second focusing surface
and at | east one reflecting surface for directing

f1 ubt)ea dispEy-eariedionrsaid GREsipBoat@ed by fl uorescence

eve Rl e j [ [ i.on
cup Lo PP oAt AR bR Bng PRRrat P S BA ST o
|'i gleti) saitlexcitatien tightestiurcs forautivathmg thessarele,
h tector, .
P o}ecii(; (:J'sa?edp pl'%todetector for receiving electronic signals therefrom, and for
converting said signals to an analyte-detection signal, and

(eiii) to said display for displaying said detection signal.

2. The apparatus of claim 1, wherein said analyte-detection zone is
formed in the upstream portion of said optical module, and said light source, first

focusing surface and detection zone intersect a common plane.
3. The apparatus of claim 2, wherein said light source includes a pair of

side-by-side sources of excitation light for directing separate, different-
wavelength excitations light rays into said detection zone, and the spacing

22



10

15

20

25

30

(d) a display carried on said housing, and (e) an
el ectronic unit in said housing operatively coupl ed
W 20050%i0¥5 sai d excitation |ight source for actPUEHUSI904/034991
the sane, (eii) said photodetector for receiving
electronic signals therefrom and for converting said
signals to an anal yte-detection signal, and (eiii) to
beteeeh daismaycéis slichsalyi ditec Hght fletndheiten sougesd int@.

Suggfgr’%@&?&&t é%ﬂggﬁg'bgg the \ng%{cﬁ@a z?)ﬁia? he upstream

portion of said optical nodule, and said |ight source,
first focusing surface and detection zone intersect a
condorle apparatus Shelaimpawherain shidcsainee 2f exhigatiamlight

ind e o80SR Bl e e B BRpRnd b o isditBseparate,

dnfféréﬁtewgvémgﬁ{ exaidtiop nigherayenstol daid Hetettionizohe, sad dhe
detecti on zone, and the spaci n%’ 22bet ween sai d sources

fom@nsq;@wfa@e irothei upsdieam gﬁﬁtloﬂﬂ% furcatedprdecusiag lipht som the

g SORH A BB b it Re R Reflen b fheCdr§ELatRoteor
excitation light includes a pair of side-by-side
sour ces of ex0|tat|on light for directing separate,

di f er B appEEten gt Haish & waereinsald ghalviesgetechen zoaeds
foﬁiﬁécffﬁt 148 B8 mBHHlebIE&dfrﬂBg&%ﬂ%?Hg BSEK 'aHdtth faces and first

reamportron I's urcate cusing |

antﬂ’BEci)V\d reflectirasragidrs withiatsaid back sind hep f=oes, r@pamnvelfy
the detection zone. 5. The apparatus of claim 2,
wherein said anal yte-detection zone is formed in said

opt igcath&BEEL RS @'f dalRau ldH“l?l'cHﬂi%‘é Ppsik oﬁgi@etﬁ’sﬂmde

faces and ?Prst and secongmr eflecting regions wth
phetodktbeioks ﬁmroﬂettexmnfgasmm,raheedrﬁba:emt\m\gelemthfhmrescence
laim whi ¢ cl udes a alr

erggRn RS Wit Setatier the BEuaesTRe B sdld downstream

suBbESENBRI NS DifBRGHEd EliacLae8BR8d W‘dﬁ’ébﬁh(ﬁé%ér%e emission
wthin said detector, the focusing surface in said

lighbraystfrararine @l@tmlentaoyleﬁaﬁa@hmffsatctalt\@f@dgtmﬁ@r@eand which

53 R R e AR SSE o5 e BGBboPErucen e

bmmat@d ehlof ffacenthd\hecissbuiatée phbtoeletstesr. for each
phot odetector, a band-pass filter disposed between the

bi fur cat ed opt i cal surface and the associ at ed

Pﬂgmgﬁgg %@B%ratl& OE g@irﬁ%pWhgéWﬁcgfdeglﬁ'légé twii§lby-side
photodetectors for detecting separate, different wavelength fluorescence
emission events within said detector, the top-face reflecting region is of dihedral
form to direct said fluorescence emission light rays from the detection zone to
each of said photodetectors, and which further includes, for each photodetector,
a band-pass filter disposed between the bifurcated surface and the associated

photodetector.
8. The apparatus of claim 5, which includes at least two side-by-side
photodetectors for detecting separate, different wavelength fluorescence

emission from said detector, the top-surface reflecting region is curved to direct
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phot odetectors for detecting separate, different
wavel ength fluorescence em ssion events within said
wa@ledsosm83 the top-face reflecting region i s OPCT/US2004/034991
di hedral formto direct said fluorescence em ssion
light rays fromthe detection zone to each of said
hot odet ect ors, and which further includes, for each
saghibigscensemissiamwihipassid teteationdiopede exhcheifwaith t he

'f ¢ r t.h ssoci ated phpt etecto
phgtddHiEAEAE s RS rlier fEWBES oL BOFR o BRABREHEE lignc-pass
filtemgispbged bbétvﬁééiﬁth@’@ll@mmg&ﬁféd@ar@@flﬁé:ééétg:lated

separate, different wavel ength fl uorescence enm ssion
phptasiateeiPl det ect or, the top-surface reflecting region

is curved to di rect 23said fl uorescence eni ssion

within said detection zone to each of said

phot9o dRtteapparatusoiclam 2hwherdihetie ligiel stl@se ahapHiedetector
arghot odet ector, a band-pass filter disposed between the

FRIT tedr%és‘?l%@@ogd? fakheiNg RNdsd @picalomodule is mounted on
s3 Qﬂgjqﬁ&ﬁector 9. The apparatus of claim 2, wherein
the Tl ght source and photodetector are carried on a
support in said housing, and said optical nodul e is
nou e on _said su r_t. 10, The a atus of claim 2,
whend n %@ap%fawsc&‘pc 21 wheeeln saieops shabmotus 153 digposable
caﬁtﬁé@e *ti$atr|§Fé}‘rﬁé%M%%éF%eﬁjl ddid ﬁ@bglngous' ng. . The

apparatus of cl ai rein sald detection zone is
contained in a sanple handllng device in the

apparatys,  sai d, dey, fluid-handling struc ,
f or a}ljec < APRATGIUS, ‘#d:l 'ieé%ﬁaﬁgd%ﬁgt'% ¢ b5 @q{ﬁalned In
a séeﬁpﬂéthawdhﬁgfd@wcéan tﬁ'é@ B@r%%s?‘ts%ﬁ gévieb fh'a‘iﬂng ﬁm&fh%'n@lmg
sai d sanpl e- handl i ng deV| ce includes a m crof di cs

stryctaire fanrgeeiving apemplecand directing thecearoe te thel detﬁotloalzone
nodul e 13. The apparatus of claim 12, wherein said
opti cal nodul e and attached sanpl e- handl i ng device

f or Ra 1mesmbt® df&ﬂélm flgavihérain S§|dfﬁmémahdﬁﬁgfﬂe‘%be

i n sai d housing he apparatus of claim, which
md%maﬂcwﬂgldﬁwlat@th@f isslaminatgdite & surfng efssaid optigaldnodule

si de-by-side, for detecting fluorescence events

related to the presence of an analyte in a plurality

of Sanmmapnaratmﬂdlainﬁt 2,ayheréin sdidepigapmatule d attached
F‘ H1 wherein said |ight source and photodetector
samp e-handling device form a disposable cartridge that is removably mounted in

said housing.

14. The apparatus of claim 1, which includes a plurality of said optical
modules arranged side-by-side, for detecting fluorescence events related to the
presence of an analyte in a plurality of samples in a sample array.

15. The apparatus of claim 1, wherein said light source and photodetector
are oriented in substantially the same direction and are disposed on opposite
sides of the detection zone, and which further includes a sample-handling device
having the detection zone and fluid-handling structure for receiving a sample and

directing the same into the detection zone.
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are oriented in substantially the sane direction and

are di sposed on opposite sides of the detection zone,
wa@easnsiosh further includes a sanpl e-handling PEWUS®04/034991

havi ng the detection zone and fluid-handling structure

for receiving a sanple and directing the sane into the

det ectl on zone. 2416. The apparatus of claim 15,

wherl&i nlhsaapparatemel dainaigl Wﬁgraﬂ@saidea aathpbephandling device

ti | at shi
or 38 PR B Sho QORI R OGS0 T B
asézhyjcdﬁh@g@llhatgieﬁhéslehtdrﬁlds@dlﬂwd%hdhﬁgllgﬁb@tu@ﬁévwg%ld
wel | and said anal yt e-detecti on zone

sagipirresaidng el %ndﬁaldm@lséetdei%@t@nl Qe source and
phot odetector are oriented in substantially the sane
direction, and are di sposed on opposite sides of the
det 4zt ithe apparatusnel dain 1 hwheresih saRMghtsbufie amd pHeRRletector

arg ori ﬁla%dtlﬁ %ﬂég{aﬂt ! Crglg g?régl g@%n\l\c@grf;@lggggelcg 88 I(§>,r|;>f§>oslte

Sm(‘e@rbfqp’]gld@%dﬂehlz(‘oﬁ% sHgface effective to focus
excitation light fromthe first converging optical
sur {ixte upsthéam partibreinaludes-aifitse convergingepticahdudace whose
urface whi.ch cooperates th the,

f
focgl PRl 6 pos EanetEal Prediisals LG, SEPERes tFeand Fmasging optica
suﬁawbﬁéém&bbﬂ‘ﬁ ef@@iéﬂ%ﬁrhg‘h'ﬂ frohi ﬂ!'létﬂr%f’é’érﬁfer@?ﬁ optical surface

ﬁhot odetector, and (ii1) the downstream port
withiesaid @salytesietertionranmegang adfyst taflectng Safacemdieh cooperates

with 368 seB8hT bplia YEebe 16 Pevdte e BGicR ot propadsting
betwddmigenaht soutdecarebphstiaberctsr, ahdt he second
ing optical surface, a fourth converging

cony
opt ('Séﬁe downatrearmrpastion includes adhisd converageoptical bytiace

th th
thE@‘f‘%faqg)oLrg rlé pﬁ%'ﬂgltﬁ ﬂ?%‘g Séé’?g%@%%ﬁcgl%?ﬁ) e, ra%QJthoseeoptlcal
axip hls)sukisteatallyr ortiaogbret totht eptital Biisdftied kesdhd @onverglng
surfaces vvh*ch cooPerate with the third optical

opial FHHEC. A ver@ingiariicel Yifase effepiivede dpeusat i ng
fluél}%fs.@&%é fid g‘r@ﬂu&&ﬂtg?ge}g@gn PAH BEQéégndﬁrggéﬁ the third

The apparatus o erei n-sai
cornsrging aptical $urfare @emtotdsic ghdiodetectom dndaiedohd rsid third
curvature that acts

TR BH Bt i e
dirédtionhst 1Bt pecbadhlifl Hehné ﬂ#’bﬁn‘d"@ptf&@t é&ﬁécesé‘ﬁé ?ﬁgtoc}e‘?ector.

enhance the brighthess o e center region of
optical field. . The apparatus of cIa|n1 wherei n said

opt JI§ a%hg%%%aratug of &= 14o wherein said light source is a light-emitting
diode, and said first converging optical surface has a curvature that acts to offset

light rays from the diode toward the center of the optical field formed by the
optical surface, to enhance the brightness of the center region of the optical field.

19. The apparatus of claim 1, wherein said optical module is formed of a

single-piece injection molded article formed of a polymer selected from the group
consisting of polystyrene, polycarbonate, and polymethylmethacrylate.
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singl e-piece injection nolded article forned of a

pol yner selected fromthe group consisting of
w@eiopeswsEne, pol ycarbonate, and PCT/US2004/034991

pol ynet hyl met hacryl ate. 2520. A unitary, multi-surface

optical nodule for use in a diagnostics apparatus

i ntended for detecting fluorescence events related to

t he 26k A gntaryomuiirserfacg optical rmoduepbeuseirl & eibdrmstine

BB S Rne 1ot SIS 85T en L AWy P8Rl GuheiRsmsence of
anhgndiyte ia of darmplelappietng tepbppaiatiss) rsfaﬂfﬁsef.é?ﬁb@i dorhpridifg, in

excitation light rays froma source o
operatbiecennsifian iBbee@pPREUBi ght in the apparatus a focal

regi i { i BVAN-E td.on . in sapd N

ool Bp BT BoRRR e & keI G REHER. Pletbe for directing
exsitatridcags frignopsbgle dliluorsscenied-axcithBas lightia the

refl ecti ngalsurface for directing fluorescence-em ssion

apppiis afpsalyegipncwidhipyan analyiesdeineiionsvene i saidianpasaliug, and

det egt. [ [ [ ial 1y

ot o BOAEE Eam ot hali & Bt I iR S Bna et
|east oo eaefibettngpisu réaxdteoior id'rresthigiftl) wpacataesen%si?rz hehtvags! e

of claim20 which is forned by injection nolding a,
PrafyERAP Y RTERCoRes RiNIS MG BFgARICSIACER e 1B Aciadien

1@ ' '

T | SRl RayeROtHif %10 88kchion3he, onto 2
phﬂlt@?géedoshiiwidtaa)pﬁtaéusiet ection zone is formed in the

upstream portion of said optical nodule , and said

| i ght source, first focusing optical surface and _

det eqt iTHe mRdEale ¥ dlbint DE viHiéh fPformed BYhjectiBn FREIIRY & Single

condition in the apparatus, intersect "a common pl ane.
article formecheior pelysier geigaied dromiier griolpsaingisting of polystyrene,

€ ' [ rped in said nodule , said
po@%? r%&aﬂ%}%’uéongogéé&ﬁ]ewrﬁ]&lﬂfﬁ]%@agck and top faces and
first and second reflecting surfaces contai ned on said
back and top faces, respectively. 24. The assenbly of

cl arrh 2Bhe @padife oficleiar20, whenelessaid saatyle-drtasdipnFgne is

forfled iﬁe(hégfpgért%é@i y.?fér‘ﬂgn%f%gmjéxlﬁi&%g&o@uﬁ@céha%afd;ﬁgrﬁas%rce, first

I nto sal on zone, s Vi ce  havi
foausmgpbpticatisusaed ahd detedtionszdnaywithtthe dptical ssudmisie iof

sai,d opti ﬁal .assenbl é 2625, The assenbly of claim 19,
opgiRivei GONdHioN in Jhe apparates.dRtersp CosrRmENgRIane.

23. The module of claim 20, wherein said analyte-detection zone is
formed in said module , said optical subassembly includes back and top faces
and first and second reflecting surfaces contained on said back and top faces,
respectively.

24. The assembly of claim 23, which further includes a sample-handling
device for receiving a sample and directing the same into said detection zone,
said device having a microfluidics plate that is laminated to a surface of said
optical assembly.
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in the apparatus are oriented in substantially the
sane direction, and are di sposed on opposite sides of

w0 b@sdatexti on zone, and (i) the upstream subaRCEDR1094/034991
includes a first convergi ng powered optical surface
whose focal point is positioned at or near said |ight
source,_a second convergi ng powered optical surface

ef f @8t i LRe assarpklyofslaim 1, whereinthe licht spuree and photodetector

_ . ) 1 hi d
in B HERAa0 R e SHL S B AL e e bR ORI andarsice
disgusel arooppositeesded dhthiehdeteetiomzoms weiged opti cal

surface to revers% the direction of |ight propagating

bet »@@?ﬁ pReireaysubasse Ryl ugRs edifet eenvergingrepwerey optical
suftBEe UMHIRIDEA NGNS SREMRNKA R B HESP Al oY &' flddfld

power ed opticdl surface whose tocal poi i'S
copesidingpedered opticaaurface dffdetivectbifoous ereitatimmdight doen the first

coffieiaith p8ilpEd il Sudktn iyl atid naphs catecionzane, apd afirs
ref; G UFRBYSTHIER @gBPélé%{tféjwﬂﬁtthé 3k g@;ﬁ%rﬁ éﬁf?&él \&iriale to

ocus fl uorescenc rays produce
revpise the difectmneofdigit pacpaghtingraiyhen five tight sburoeeedgi ng

i.cal surface onto said photodetector, and
phggo\(':é%ﬁcqgﬁ%ﬁdhi rd reflecting surfaces which cooperate
Wi t ii)tthe doinseteBAVEliesseitl ¢ fclsdes 2fird SorRyY8ingpdviiéred

direction of |ight between the third powered optical
oplcalisariacawh 06alp@iBt isrpositioned at or near said detection zone, and

whose optical axis is substantially orthogonal to the optical axis of the second
powered optical surface, a fourth converging powered optical surface effective to
focus fluorescence light rays produced in the detection zone and passed through
the third converging powered optical surface onto said photodetector, and
second and third reflecting surfaces which cooperate with the third powered
optical surface to reverse the direction of light between the third powered optical
surface and photodetector |
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