MULTI LENS OPTI CAL ASSEMBLY FOR A DI AGNCSTI C DEVI CE
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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 flucrescence assays in home-testing and in small-clinic medical

1 0



di sposabl e test unit or disposable assay cartridge. It
woul d be further desirable to provide such a device
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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
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di fferent wavel ength fluorescence em ssion events
within the detector. The focusing optical surface in
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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 of the detection
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Al'so in the second general enbodinent, the |ight
source and photodetector may be oriented in
substantially the same direction, and di sposed on
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The optical module described above, including the various embodiments noted, also

forms another aspect of the invention.

These and other objects and features of the invention will become more fully apparent
when the following detailed description of the invention is read in conjunction with the

accompanying drawings.



m crofl ui di cs device providing an anal yte-detection
region, and an LED |ight source and a pair of
phot odet ectors carried on a support in the apparatus;
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FIG 3A show ng a central detection reservoir and
wel l's for connecting the input ports to the

FIG. i sho@s NiapeedpecihdQliew,2a difpGabl @Ua?ﬁpéd?@tub@@nﬁ*@te@l dddording
the m crof logl dics assenbly, (3D), detail of end
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assedibfyf eitrethi tdi[ﬁéﬂ'n(ﬁb{bttdﬂtgp&tdsfs’i&‘@(edifUCth es than in the
enbodinent illustrated in FIGS. 7A and 7B and in
FIGS. 9 12; 50 FIG 9 is a perspective view of an
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t he p es two closely spaced LED |ight
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anal yt e-detecti on zones.

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;

FIG. 8 is a perspective view of an optical module in the present invention, having a direct-
source format, but different reflecting surface structures than in the embodiment
illustrated in FIGS. 7A and 7B and in FIGS. 9 12;



DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present

i nvention includes a nultisurface optical nodule in a
fl uorescence-detection diagnostics device or
apparatus. As will be described bel ow, the optical
nodule is preferably fornmed as a unitary
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fluorescence- em ssion |light produced by fluorescence
events within the detection zone, in a direction
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substantially normal to the path of the excitation light rays within the detection zone, onto
the photodetector.



or two or nore side-by side LEDS, for directing
different wavel ength excitation light into a single
or one or nore focal regions therein. The
direct-source format sinplifies the optical design of
the nodule, as will be seen. This enbodinent is
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Monstruction and oper ati on
of these conponents will be discussed bel ovv. 7 0 As
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embe;:hmrrphiss seitileriongny tewesmenceidatetion deviasah winiati @@rt@tmtlgm
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ncorBbERAAPbER sufiBe BRI Jo Tt ORLER Bt e arosnghora
pluraliylofireray detgotiontzoped.. 5 nl vol ume det er mi ned necessary
by the WHO standards for adequate male fertility. The
cuvette may be directly inserted into opening 24 of
A. Asshy Agesriatus, wifroReftactds$amee Rornfdtui d from the hol der to
the mcrofluidics structure in the device, or an
addi ti onal sanpl e-preparation vessel nay be provided
FIG. fl diustsateaiarseli-contairedrassay apmaratiis bhdevicet 20 cajstacteadire

scooRBEDIRY et et 10 Bl o LBl moRETR G Pdrgeion
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characteristics will be determined, (ii) a detection system including a light source and a

photodetector for detecting fluorescence events, in this case, the accumulation of
fluorescent-labeled sperm within the microfluidics structure, (iii) a multi-surface optical
module, and (iv) electronics control unit operatively connected to the detection system, for
determining sperm characteristics based on detected signals. The construction and
operation of these components wili be discussed below.

70



hol der and nay have a bottom aperture consisting of
the entire bottomface of the cuvette, or sone
smal |l er geonetry set within the bottomface that is
readily perforated by a sharpen access (such as a
syringe needle) port in the bottom of the opening. The
bott om face nay be nmade of rubber or wax to all ow
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d at b
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sampl@mﬂmmm frlay Ibe dmkf Inyo fhleljmrd‘asp‘eﬂmay By s@mﬁw detiog The ;

t u i e an
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fluid hway within the assay device.
ﬂuor%c?'gtrrﬁ%?r?%e?@d's?ﬁéegE?ﬁlﬁ once mixed with the

reagents in the cuvette may be poured into the

oeni and the enter t rofthld CS ,
e Gl feve™ey b Mg M Ben FOM TGl Eainfie: tiPse b1y o swoplies
to thqouewy iroa se;ﬁa}hieo‘mdﬂ@smamewak aodition ®eand sﬁkﬁplﬁehﬁthﬁsﬂ%derﬁ' tsDliquid

oh igure is a dis 2?9% 8t

reagents may bt ean iISO-0SMo ar (approm ateK/ mUsm}) solution of sugar and
salt in water, consisting primarily of but not limited to fructose, sodium chloride, calcium
chloride, magnesium chloride, and potassium chloride, maintained at physiological pH by

HEPES buffering.

The pre-filied solution or sofid reagent in the holder may contain a labeling compound, or
the labeling compound may be included in solid form in a loading reservoir or in the
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di spl aying assay results to the user. Device 20 is
manuf actured, in a preferred enbodinent, as a snmall,
hand- hel d, di sposabl e device. As described bel ow with
respect to FIGS. 1 6, the device has an in-plane
format in which an LED |light source, the
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emb%‘ﬁ'ﬁ“&f‘ﬁ 8sgisn h%@?‘?ﬁfﬂw (ﬁspoﬁﬂ oWEYif®-cont i nued reference
to FIG 2, divergent [light fromLED 66 is reflected
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d t t sur,f
contdlps 8 EIRETLED ARG BRI SRS deire Gl eaiting diode
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t refl ecte amis then passe
62 o6 il Sisaflingt 8 g nEemie. RER b torpr R are gpounted on
a suppostedr pe 6. t he device. Filter 76 is designed to
renmove | ow frequency conponents produced by the LED,
e.g., red and green conponents that are likely to
The dysticel rovdunid gpnanaiiyhinéllides srs aesheamess e mmnfa\r@cbtmg @Bisation light
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erves.tg focus the re
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pho g?%)éogt r 82 positioned below the reservoir on plate

Consndermg details of the assembly, and with continued reference to FIG. 2, divergent
light from LED 66 is reflected from curved reflecting surface 71 and focused onto detector
68. The light intensity measured at this detector is used to calibrate LED light intensity,
relative to light intensity measured at detector 70 resulting from fluorescence emission
produced within the detection zone. Divergent light from the LED is also directed through
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As can be appreciated fromthe propagation path

diagrans in FIG 2, the above- described paths of the
excitation |light confines the propagation paths al ong
the directions that are substantially in the vertical
direction in the figure. In order to mnimze overlap
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detailed in FIGS. 3A 3F. As seenin FIG 3F a
structure 30 is a mcrofluidics device formed of a

The fball’utecsmfMQm[ﬂtcaﬂn()dﬂléSare?ﬁ)eferimylﬁﬁﬁeﬁ @s fhcabng @Qﬁbd@tﬁf a single

molcf B8 Past b e iei1df BB S ane G veathsigee Rpel bireddengate,
or ottfen npmmersnhamg mm@arve@ufjrameex itrefri&ion Wpdigoea Bp el
reserv0|r

trans?nésg o0 Slngée paﬁlcﬁiﬁr PP(? fngpﬁ.%hown ﬁ'}é en’m('jer alﬂscsglmbly is formed from a

single polymer material, although in other embodiments, polymers with different indices of
refraction may be employed. The reflecting surfaces on the plate 64 are formed by
applying an adhesive tape with a reflective coating, or by applying a reflective metal
coating with vapor or plasma deposition methods. Reflections within the optical module
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part of a collection reservoir in the structure, and a
downstreamrecess 40. Also fornmed in the lower plate
is a circular alignment recess 42 used in aligning the
| ower and upper plates when the two are bonded
together, and a tab 44 used in aligning an optica
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1 mrﬁ%ébc' ently confined space that the sperm have a

VEry -l ow probability of reversing their direction of
novenment wit hi n the channel . As will be seen bel ow,

nd/ or depth accomod e
st YGRS et aR AiteheSBidal B, B 6 ehagowsRr i o8
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As noted above, 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 cms in length. Functionally, the microchannel, and in particularly,
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50 microns and 100 microns; in the latter, between 10

and 30 mcrons. As can be appreciated fromthe

forgoi ng descriptions of plates 32, 34, and fromFI G

3F, the assenbled structure has a sanple inlet port

formed by opening 46, and this port conmunicates with
microgieess| séGrient 48 id dimensiphed ® dlowfrastie 8perm to advance through the

Bl e- i vi tati A47.. At its d t d,
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drain reservoir formed by recess 40 and openi ng 40.

The fluid pathway just described in structure 30 is
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e ki T Ry ELAT
spermanotiity ai@’rdm'éﬁofdyrvﬁndmvh@ dpleem ) asdrscriskioklow.
abl ation or by using mcrolithography to mask the

substrate before etching. These processes can al so be
Plateg$2d 34 onaydledalprivaterthstiay isfection misidirgeaf pbtymeir mjadartal,qgmeferably

| I ypi ] ngth, .an
ranspleRt ASmbrifn BBl Bty Bilted Or shEReDonRg
transpargnt pdlymen wiioh &l knolhind& pesgleofelkdefinad sadistabtt mbidad fast@es.

LS LY . S i di_mensi ons
Arerb NP BRI s o] B FR5RR5E ) GHBFS BRSPS
applied tr @1ysof aftadetywod stizatle plateriats, saricas $ilmoneglass) duptta péatic, or

j [ | a r, are bonded b .

v 20 AT A o AT LOU GG ), D20EE s i o
chemidat etchingt Ehaald of thesize brapogbd barabe addeyrdassfucesing the laser
usedﬁrﬁ HehR3h ‘prod’]yqjsrﬂ%) microlithography to mask the substrate before etching. These
processes can aiso be used to make the masters/moulds used for injection molding. Each
plate has typical width, length, and thickness dimensions of between 0.5 tc 2 cm, 2 4 cm,
and 1 2 mm. Total thickness of the assembled structure is typically 2 3.5 mm. Recess

thickness dimensions, other than for recess 52, are typically 25 to 100 microns. The two
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The photodetector in the assay apparatus may be a

phot odi ode, charge-coupl ed-device (CCD), or other

solid-state detector. These devices are inexpensive,

reliable, have a fast tine-response, and available in

a wi de range of wavel ength sensitivity profiles and
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(fusipibtradieg)ect or i s an (OSD1-0 phot odi ode supplied by

Centronic. As can be appreciated fromFIG 3, the
opti cal nodul e straddl es the center "cut-out”
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he, - tion.
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.any | abel ed cells, as shown in FIG 4A Over tine,
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of achegysperm igilasiratgd inaff1GS. m‘-\glrthﬂ'he mlgumsshomemremdimaiﬁhaageltﬂwlons

of mﬁ%ﬁ[@ﬁ:@ S@ét\%aéré i udﬁl?& m%g k{ﬁ?treta%%%‘]lgp{ fgég %e‘é:%%% 58

micrgahanng segieoiifia, c¢1kmt1mr1 reseynie 60, a@amictdobgnios gegment 48b.
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orescence 'si nmeasur ed I n
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recelt/ hé%{q‘?ﬁﬁfﬂ%ﬁ: %@Ha&ﬂelﬁe@ﬁieﬂ%&% ra v'i’rﬁégr Yrgl%raf é)ﬁ/y abeled cells,
as s?fdwmn 4@ effc ves time, s.gnet tiheiwt.sob.dk gotientbrvardehovimnsberm
cels NS intftsehiel sbarMBntaeB Snd b FloaRE 288 affretic e
depehdérdlondhe eversgeber@tllrty pbthacelsnidvedrd résertdiest. dsenatidé rfonNard-
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oW n ar ryse over
accumuﬁtgbinlreseyw@th@ lsddymrtoc intraagreinithe fllaresesice nigaalgheasured in
eriod. By extrapolating the slope back to a
theréée‘f%rgl ope tinme, (t.sub.1), the tine t.sub.1 required
for

The above cell-migration events, as manifested in fluorescence detection within the
reservoir over time are plotted in FIG. 5. At time t=0, measured fluorescence is at some
low, background level, and remains so up till time t.sub.1, when labeled cells first begin to
reach the reservoir. As more and more labeled cells begin to accumulate in the reservoir,

the total measured fluorescence begin to rise, in this figure, showing a linear rise over
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m gration of spermcells through channel segnent 48b
can be determ ned. The el ectronic conponents of the
devi ce include a mcroprocessor and powered with a
smal |l battery. The detector signals are digitized by
an AD converter or conparator and then stored in the

time milaetrtcmch 24t5 arsicpeRAlharidesin mﬁfe@@ér%@@\mft|rﬁé1@éhdéloﬁ? ut es

nmotilit accor
exteapBfs fetFhn Sk G Reinalph BRc conat s hSGh  paruired for
migraticey ¢f 3hode ssiRthisubh chanrRy béteiént48b @8R bE ldldnAfhelin t he
art, in view of the output and | ogical operations now

to be described. The steps perforned by the device
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mlcrcﬂﬁraﬁl‘ssbﬂ \ma bb@vﬁiena@ atle skilldd ir\@ibiaviin visw BBYie JuERIt BR logical
done nm fgough a swtch or by connecting a
opergtécwg&owt ‘%81” € plug structure that is covering
the sanple well. Wen the protective cover is rermved
t.he sﬂ_gc'gle is.,activated. At the sape tjne LED 6

The SP3 RALAMed Y t%mae\t'?f‘emmrmﬁsae uisataseepnesaly gt Tibime.
in catryiﬁgﬂdeme@éi esﬁayfdetlﬂhﬁmeﬂéies Qﬁﬁv&ﬁrh?l@w digraalis FiG.®MWhen
t tical detectiaon is con
samile < i ceg fo i fetioe e atsbuial s S5hafig st by Garmpl fa
closinga anbta:tlvdi phthab) Betﬁ)«}e_@h b cieRB OGRS &ﬂtﬁ%?ﬂ%ﬁﬁﬁ:@éﬁb@ deffting a
is time, s, reache ro
ciook 55 10’8 i N 2 "SR SeetuBey HiFa ks i unbriugdruacn or by
connedctingea sansdetoat foil oe pRgstroperethat iBeovédringahe eaapeamill. When the
S KT T T
on, a'hd meomlcmmompbr‘ begirey te rédevestirmpeepatidensfniréscbhge emission
. |zo ||} is determ ned, at 120, and from
S'gna{kh rgm c{éL *%(%gﬁ 8 ﬁi me of travel of active sperm
t hrough channel segmsnt 48a (t sub. 1-t.sub.0) and an
O 94358850 L bty Pl FEb T e LR o
reliatdey pbaghncr'eas;mj foforéscaned in rasehvéin®0. kibemthiseingd is rééched through
t 48b rate on of
Tt C e o BT AELN AT S
time-dégemieht fumnedeencatwrvd, atserd a étamaédu&éme@étla@nthm as
ualitativ

I dv
AL PR TS B, S oS e B S ee e e Beer
horizatalliZ6elirkois dietezmiriedeatt20s ahg from thief the @averge Imnetdﬁ eravel of
s o SR S5PEACR0S S PSR et i o
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time ?: otﬁagrr E %ﬁﬁ@ nown eng%g%P Eha%n%e Qegl#nne%? tl) qﬁen xt'ate o1l migration of

motile cells in a forward direction moving cells within the channel can be calculated
(rate=distance/time t.sub.1). The calculated velocity, or a qualitative indicator of sperm

mobility, is displayed to the user at 126.

To determine density of motile sperm, the slope of the time-dependent curve determined

at 118 and 120, is compared at 128 with each of a plurality of known slopes, each
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with different known sperm sanples, stored at 130.

Al t hough not shown in the figure, the slope of the

fluorescence curve for sanple is adjusted to a

standardi zed excitation intensity to conpensate for

variations in actual LED excitation intensity, as
reprégnting BeleAepeltRineldesdeBct hebhberefRWt BRen SAddriddntitA®onditions

i UG e St e S A oA o .

slop@ uf e filibtestereaneleBt Sthpg |sadcﬁvst§u3io| oA “BRNMdiz8d ERAtafbN -
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ect r format. A sanple holder 152 (FIG 7A) .
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thro@bttiesrmn‘nedfhlED Presence or anount of an analyte, from
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the art.

Module 150, which is formed as a unitary or single molded plastic piece, generally
includes an upstream portion 156 for focusing light from LED 142 within a focal region
centered at focal point 154, defining a detection zone in the sample holder, and a
downstream portion 160 for reflecting and focusing fluorescence emission light produced
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in the detection zone onto photodetector 144. A

not ched regi on 157 between the two subassenblies may
be filled with an opaque material to shield the
downstream portion fromstray light fromthe LED. The
principal optical element in upstreamportion 156 is a

in theaiieXiof acntsoitg phplols@btod a4, an(:ﬁotcﬂeﬁﬁrequhﬂ beRfsen the two
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Suppant F8GSa nfdddedhor rﬂ&ﬁlmedablbcamd@‘amlyf ddatqaé Het/mgfidternals spaces,

sucn SN AT 1ot 514 i W oSS W LA S Gl RN
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147.f | uor escence em ssion |ight fron1a detection zone 179
is reflected by a single reflecting 16 0

Also shown in FIGS. 7A and 7B is a bandpass filter 175 for selectively filtering the
excitation light to remove stray light from the LED.

FIG. 8 illustrates optical components in a diagnostics assay apparatus in which the optical
assembly, shown at 176, has a direct-source format, but in which a cone 178 of
fluorescence emission light from a detection zone 179 is reflected by a single reflecting
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surface 180, producing a cone of light 181 which is

seen by a focusing optical surface 182, and focused

onto a photodetector 186 through a filter 184.

Al t hough the FIG 8 enbodi nent has a sinpler optica

configuration than that shown in FIGS. 7A and 7B, the
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ntially the same portion of the photodetector
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(] ' unit in
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mm. el.dpgi;t a

selectively transmit the two different excitation wavelengths. Alternatively, the control unit
may operate to move two different filters in and out of position, according to the LED
activated at any time.
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FIG 10 illustrates an optical assenbly 206 simlar to
that just described but nodified for wuse in an assay
apparatus having a pair of spaced LEDs 208, 210 (e.g.,
480 nm blue and 535 nm green), and a correspondi ng
pair of spaced photodetectors 212, 214 and associ ated

FIG.U@gHirsp-assothgs%i dptiesiasgdrably 208 s(rﬁilelg fo théﬂﬁsﬁfé%cﬁtbrrﬁﬁ it @idified for
an ed),. respectively. |n [ 0 nt
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focussailigheragd #pbagh éree of thertd bsmdepaamtks. format. I n one
enbodi ment, a nultiply split optical surface is
designed to distribute light fromeach of a plurality
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. accommobdat,.e iple s S, a a.
singl8 BRBe (RAH foori® ARy ey PoBlpbERisms T RuFR A adeiting
surfapatsemploydd.ustrated in FIGS. 11 and 12. FIG 11 shows

a optical nodule 230 that can accommodate four

different sanples at individual sanple stations 234,
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i . t hat, of. .t he. nnd 206 s iLn
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photodetectors 248, 250, and associated filters, such as filters 252, 254. The excitation
and detection optics for each station are substantiaily as described with respect to FIG.
10.
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10. 18 0 The control unit in an assay apparatus

enpl oyi ng nodul e 10 operates to interrogate each
sanpl e station individually, and each

LED/ phot odetector pair in a sanple station

i ndividually, so that cross-tal k between stations is
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the "out-of-plane format" would be suitable for an
Althcagb anpt simwificelfyi gdesehberhhdrbie, i ngh:te Spparang e thedgitiesitrhedule of

, . phot odet ector in
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assempéies efshel Membeaﬂmbmmwatedbbutnmdcﬂfefmt astapiheibrisoFor

\J . , ec nneI t hat ld
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electrophoretic species at one or several interrogation zones.
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What is clainmed is: 1. A diagnostics apparatus for
detecting fluorescence events related to the presence
of an analyte in a sanple applied to the apparatus,
conprising (a) a housing, (b) a source of excitation
l'ight and a phot odetector nmounted in said housing, (c)
Whadismlditned $ir f ace optical nodule carried in said
housi ng, adjacent said |light source and phot odet ector,
and conprising: (ci) an upstream portion having a
1. A ﬁlagabstfce epsaragzssorrdemgmg ﬂUOr@st@mtelevgntexaateﬂtto m pres@ite of
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exc;tdmm;tm eads mﬁbbd%cﬁ?moﬂgtea is esig rmduﬁmg Us) @@uﬂ“ilﬁﬁ@@ optical
east one re ec

mod i Fafiegd AR el e BhE T |9 atiian a6y Prpagresioe e

compeneiiiy: $ciyart ms‘nresml pd:r’(ihﬂ mﬁngmf is0feusihd) s@fabelf@Cdite@ting excitation
xci tatjon

iontFiS R PP fcaliopion WBben STRGeueston zome n sai
appgphios cateit(eititodowristhham pdirtipl Favingar $d0ofd tusiBgisdrfaeiisid gt least

one @85 Elsftath b APEQRE IR Slentmciraraoit Roit peshiced by fifordscence
everdwithia s il gletdutiorns agves, in @dirgct®aisdbgrhotialid abesd] @ tHeQyath of said
o P o AR S Sl LA 30 ey comod
said Sog}smg andite) 4 microgrotesssiaindaidi sy dperatidelg gbavled : 841) shid
oxcig it S e M Bp i st e b8 rlatih bl or B g m

electpmrid sigmale thesefiath, aptiiferedonierting eaid akghakab dnlanghte-sauston,
ti.on zone intersect a

. first, f. usi ace
siondl e e PR g o Gt RRRE wher e n
sai d Ilght source includes a pair of side- by si de
0 xc:|ta ion Light f i rectin par t
2 TRl o) Rlp s Pl Brasthd B eohe ) Bl Taey o
upstr@ehﬂmi:mmfmmi&)ptlaaidndsm sipdGeidightsones) fisafabusioy sadsce and
] dire ht fromthe two sources into
deteét%sz[%‘g%tlrﬁ F%@até? 'ﬁ%ﬂ’r@l 'gi on of the detection zone.
4. The apparatus of claim2, wherein said source of
[ 1 on | pair._o L ,
o TIRSHPRBIEI S L5 i RBbeg Rt o i
sourchsfdf ewetﬂhomvhgfﬁlf@ﬂgmhtlr@(mmmte adifferehrvgdntelengytsexattiiorsaight
a e focusi surface in.the .
ravs 15 5 S8R e fons™ il I SpbP b Pl BNttt Fihas o direct
light frmmrthe veo sonvocesdoocabstantaly shbsdras tagidr] of thddeteation zone.
region of the detection zone. 5. The apparatus of

claim 2, wherein said anal yte-detection zone is forned
4. Tﬁemp@aiaﬂJ&)tpftdalmIZ wheckin sgid saiirde Dba(ditatidmlcdhummemdbaalpaiirmdside-

by—sﬁg ??]Lilrg&ggfl eg('a(?at b ilﬁﬁt d‘g{] g‘l @ ggparr?etfglsgﬁt éeﬁg\g (iargggﬁ 6x%it.aﬁons
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bifurc?’étgoefoWdcﬁéiﬂs Ii&rﬂ?}o%dﬁn%%g% Srces into substantially the same region of the

detection zone.
2. The apparatus of claim 2, wherein said analyte-detection zone is formed in said opticai

module, said module includes back and top faces and first and second reflecting regions
within said back and top faces, respectively.
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detecting separate, different wavel ength fl uorescence
em ssion events within said detector, the focusing
surface in said downstream portion has a bifurcated
surface designed to direct fluorescence em ssion
light rays fromthe detection zone to each of said

6. Thehaypadstie of caim, 5,amlcrvxihblohesfaJptaihefsiﬁ@byadiesahofc@étee&ﬁbfor
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zone to each of said photodetectors, and which
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bifurtaiee anifacefarsicthel apdaiatetbpretddatectorand whi ch furt her
i ncl udes, for each photodetector, a band-pass filter
di sposed between the split focusing surface and the
8. Trmrpna'raitxsedf cpdnmt&d\&ﬂc&uhdudee@at |ddet vepgide-blsileqfhotddatawtcts for

seteffiRb Aot ek PHnaB BR O Fraaen Bl SEn e
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aid op
detefiont PR 56 SedEl BRI Y i U RBC B g
photddeteé[bte adqapd-rpasmﬁltanfdlspbaédrbdtwem thecdipiiit haugihgladrisck iand the
ned in a sanple handling device in the
assoéz’\%%gjré\ rtgcgc} "d devi ce havi ng fluid-handling structure
for rece| vi ng a sanple and directing the sane to the
e T a cl.ai 1, wherein
0. TR0 DR 2, Wb s RBP4 o BTt arf Bl o o
suppprtam gaitl lhlatlSIn§, dndrsaitatpeidaltrooduls isrrhaodedbn said dupydri. cal
nodul e. 13. The apparatus of claim 12, wherein said
opti cal nodul e and attached sanpl e- handling device
10. Therapparatiissyfatzdn | 22 whardin salg eptidehtnodslerie anispbsablerantidged that is
I . 0 14. The apparatus of claim1,
remd\%bi@%bﬁueﬁ%géeag%gu%ﬁ rality of said optical nodul es
arranged side-by-side, for detectlng fl uorescence
{ t h [yt
11.121?553:}%?:;3%@& ?agrg p ésleelfrﬁgagg gg’f%%pon Z0 %l?@gntglngd %nna gample
handling device in the apparatus, said device havmg fluid-handling structure for receiving

a sample and directing the same to the detection zone.

12. The apparatus of claim 11, wherein said sample-handling device includes a

microfluidics plate that is laminated to a surface of said optical module.

13. The apparatus of claim 12, wherein said optical module and attached sample-
handling device form a disposable cartridge that is removably mounted in said housing.
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15. The apparatus of claim1, wherein said |ight
source and photodetector are oriented in
substantially the same direction and are di sposed on
opposite sides of the detection zone, and which
further includes a sanpl e-handling device having the
detection zone and fluid-handling structure for

0 A B A, SN S AR S AR S arngeo

sidelyesice, for slatedtiay &mr&aenbaedéntmgalated! tocthe pnskedpé btaﬁ analyte in a
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effective to focus excitation light fromthe first

I f h [ , .
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' tion of t o) atln bet wee

encif B TR g ShEF B sy RrERAT Bl et S8R el
detectuwmheeam portion includes a third converging optical

surface whose focal point is positioned at or near

sai d detection zone, and whose optical axis is
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r g optical .surf
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rd opti cal
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r [ e, .and sai d
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Q.

o en anc ness o
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£ [ f
e R Ty
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acry
surface and photodstector.

18. The apparatus of claim 17, 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 fisld.
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20. A unitary, multi-surface optical nodule for use in
a di agnostics apparatus intended for detecting
fluorescence events related to the presence of an
analyte in a sanple applied to the apparatus, said
nodul e conprising, in operative condition in the
apparatus, (i) an upstream portion having a first

ocusing optical, syrface for directing _excitation
19. TREHPPyEBI i1 el Salopuca pomble & iieed prsindieopioce
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revs BREREEHY PRt EPeS vl R salfietdio 2Gie. faeaarion
substiatielit navmakiorsaid evclthtidnhighoptlys esthindsés astekon fonepsaitati ve
Lti.on_in the apparatus, intersect a comon pl ane.
pho@%?g%#égﬁ%'gqugaﬁuscl aim 20, wherein said
anal yte-detection zone is forned in said nodule, and
faces and first

' d iy des. Kk dt { d
. 8 B O 5 Ll o
a polympr $aledsd fromshe gtaupeloysisBiy of Borstyeshel, Pol9farbbriiteN 43,

polyrﬁ‘é}hgﬁeiﬂérc TS i ncl udes a sanpl e- handl i ng devi ce for
receiving’ a sanple and directing the sane into said

detection zone, said device having a mcrofluidics

td: amnated . to a surface of said optical
22, TRE R Aerh AR 0 BBl S S Bl 6o
upstreamportsout seidamtica mddutke e d said light dduecea pigaioalisifg optica!
' i s ially the same direction, and are
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apparadute intansdct(s gomrhen pjaser eam portion i ncludes a first
convergi ng optical surface whose focal point is

positioned at or near said |ight source, a second
23. Toempeiuigi of glaip 20caheresusdidiaralygttfdetictivie zére i @srhrd in said

' ' Laht, L, t.he first converging optical .
mod 8l el ot Mg PatiCl o BB AT G 26 aSCeawiqetecting
surfa¢és enntaindd acsait haguadciop fadssclespesdipelyat es wWith the
second optical surface to reverse the direction of
| i ght propagati ng between the |ight
24. The moduie 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 piate that is laminated to a surface of said optical assembly.

25. The module of claim 20, wherein the light source and photodetector in the apparatus
are oriented in substantially the same direction, and are disposed on opposite sides of the
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source and photodetector, and (ii) the downstream
portion includes a third converging optical surface
whose focal point is positioned at or near said
detecti on zone, and whose optical axis is
substantially orthogonal to the optical axis of ;he
detestrommhepand (athe spstfeaneportion frelutd a@ﬁd‘t‘b@ﬁx@ir@i@g optidef 8lirface

oS58 14 BEbloNeq ol b B SR 50l e
surfadel afféciverto éoayis rgcitgtivh tight front ﬁ@@%t@;ﬁh@ergmg @ptical surface within
and sec ond. and .rd refl ec

said B B e SRR S0 Tho Bliebeant e Siinefileg win e
secosid optica stmﬁacreem ee\sesd the ditectizntof dohtgfropaciibg betwaerthd it
sour[:@idrrnc?j pf?&&!lertgétors,’ %5 ?IS ?heacrlléjwns rltqegrtnopdo(zf‘ttloencl}‘mtguc':leszefr th?l’d converging
optical surface whose focal point is positioned at or near said detection zone, and whose
optical axis is substantially orthogonal to the optical axis of the second optical surface, a
fourth converging optical surface effective to focus fluorescence light rays produced in the
detection zone and passed through the third converging optical surface onto said
photodetector, and second and third reflecting surfaces which cooperate with the third
optical surface to reverse the direction of light between the third optical surface and
photodetector.
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