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In FIGURE 3, a nylon cylinder 35 is enployed as a carrier nenber 10 instead
of the ball shape. The upper portion of the cylinder 35 is coated with a
standard fluorescent coating 36, i.e. of the sane fluorescent substance as

is uSed to tag the antibody coating 387°6f:the Tower portion of the cylinder
35 and has a known titre as measured on the, detector device which.is 65
enpl oyed |n the test -or assay. A blank space 37 is left; aroundéﬁe surface :
of cylin 35, 65 1, 596, 522

separating the upper ‘and | ower coatd ng, 36 _and 38, respectively. The | ower
coating 38 £ontains, for exanple,strept lod®e®2al {1 uor escent - t agged _ant | bédy,
bei ng pxepared in the sanme manner as descri bed above with respect to the
menber 10, eXC@Piratiptthe Upbet dndQowVeRALINED B i 38, TedpBRREIS CThd Bweheatifrlss of
liquid serum tmndﬂtsma?%gplés ocoécatthﬂl%g e th aﬂ%mtigcﬁ@mtaptr@?redbnﬁltlﬁody i's
pr esent |n thesag@rtmpg@p CItl € With respect to the memboer €xcep at oniy GURE
4 the carri er @M%J E& érhﬁt“ﬁgljﬂéé?e%?g?beeﬂmﬁgwy 9{(5her1sw§?%{mﬁ%d%
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to isolate 0t evle da G}ﬁl‘i Qhe % ingdt{50N
of FI GURES tﬁlrtl:ar Iil&hﬂtlﬁ&hetpml ao eonmier cartainl 1dmunsl erelstﬂaﬁnts \frlimlmre

devel eped in acmrtdtarfblerometeh ltlh? rtegelmverth@/epﬂtrpsﬁor roceedl ng 15
further, it wil kg0 IH?Z.LJ ek b Nt S
whi ch are pi cgaN ggrge fééﬁﬁ-pl'TEtél’ |n or er c |e t 20
per f or mance evel s. In general fluorescence f roma sarrpl e rray be expressed
as fol | ows’ Were IF is fluorescent Im‘r'e‘vr@lt“y "Ix is excitation i ntensity;
[err] is quant ygp aﬁl'&h@e’ﬁﬁ)(monamc% Burtlde @r € geonetric factors

20 [err] Fogs small concentration of C on a surface 25 ' 25

e EBC = 1-EBC - e®¢ = 1-EBC25 t hen 30

[err] 30 Let [err], a physical and
geonetri cal coH’gPant for t he substance and system then (1) [err]
35 Ir = Ix¢EBC '

35 Define [err wher e source inten en5|t at de ector
[err] is light trléh‘sfrﬁgs? YS&FH‘@.%H‘E?“F;&P%?BUE% ﬂ?eség?ﬂﬁ'é‘ yﬁﬁ"‘[i o i s
l'ight transm sgijve effi cu,em:;g(gf(r om sanple to det ect or, then [err] ° _

Fl uorescencss f adl ng occurs. at hi qh intensities .35
[err] Define Ix = E;l, an;if Ip = Eo r where I ItlS source 1nte3sgy l%m‘%F%tyrE% 1;:;?;3; rate
constant for dﬂﬂ}ér‘@&gﬁsﬁﬁiﬁﬁc&hﬁﬁ rﬁ“ceFosamPral v St t PI mes)

[err] . then 60 [err]

60 For a precti@al |inmtlofadERpldhoul d be | ess than 1% per minute and 4thi s
val ue is gi veng {a l%gcgmer@&lhg oLJﬁrst gaﬁl }pgﬂhglﬁg e laboratory procedure

acconpl i shnent I'none” m nut at the |l argest amount of fading
that is acceptable is dt(t)t%dilgﬁd'ér of 1%. per m nute. G ven these
(]:-OES%I’ ;‘,'22 545 _t\r;]v ereq(l l‘(l\"ln%deﬂu%tal Part]escons!ant for dgco[n'ré)osﬁlorrstI Ltituting (4) i
(2) [err] The vari abl es of Equatlon 5 are illustrated in the graph of
FIGURE 6 wherein the line 20 100 rkfldsents the one (1% percent fadin
rate at" 10088 ef fi ci encypESKERQLCe Ahove and 20 to the left of this Ii

hi gh powers of gjngisn dan@blor ik EHRASHh) are required . and are found to cause
phot obl eachi ng and fading at an unaccept abI e |l evel and, therefore, cannot
be used in thrs |nvent|d%E1t_1kEIt | 55

45
nto

then

) ' Ipg = KEELC(IkEEL) .

60 ' 60
For a practical limit, fading should be less than 1% per minute and this value is given
predominatly in that desirable laboratory procedure accomplishment time in one minute
and that the largest amount of fading that is acceptable is of the order of 1% per minute.
Given these constraints, the following equatlons hold: -



Wth the optical systens disclosed herein, it is possible to achieve
efficiencies of the order 25 of 5% the 5% |ine being indicated at 101 for
illustration. The cl ai ned operati ng domain 25 103 of the present invention

T €S bet Wweenal 1 Nnes 100 and 101. As shown, this domain extends down to the

limt mhere Bhe si gnal and background becone conparable in strength (S/N,=

2.0 b@iﬁg indicated at 102) at |east to which satisfactory performance is

provided by thé present invention. Bel ow about S%efficiency, it betg@nes

i npossible to detect low 30 concentrat.ions of sample. It is also s€en that

t he f&dlng rate limted and eff|C|éﬁE§Z%0 requi rement are mutual | yé

i nt er dependent and must both be satisfied. Accordingly, the use of the/

-optical systens disclosed hereln achgeves an efficiency of. greater than 5%

in the col | ecti onO9WKEFLETi KR Ehe input 1ight intensities are

held to val ues such that. the fadlng r e | ess than-one (1% percent per

n1nute 3md Referring rmw&nnre partlcularly to FIGURE 7, there |§ shown

such adlens type 95’1Elebhrﬁnj§tﬁ[g1 thg overal | .outward appearance of” which is

shown in the phantom |l.ines |cal system of the fluoroneter is
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_ Reglst é Tr ade &ﬁrk Bhe bl ock is machined to accept t he various
conponent )ag sho n the drawi ngs. The details of the nachining are

not be|I6§ﬁ&n&§@§@$hﬁb(ﬁﬁ under st andi ng 40 the invention and, accordingly,
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20 mrror 131 to follow a path parallel to and al ongside the excitation
path. This light is passed 20 through lens pair 133 which also brings the

| ight source to a focus in the plane of the chopper so as to al so provide
for rapid turn-on, turn-off, .and wel | -defined val ue of intensity when the
reference beamis on. The reference beamis then passed in parallel rays to
a diffusing screen which can consist of a filmof polyester, such as that
made by Dy Pont (ype 25 A), having a dull nmatte finish on the side facing
the detectign systen1106 The natte flnﬁbmﬁgzserves as a |ight scat ering
functi on and F S e X . s&arce—of
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FIGURE 8 contains ray-tracing lines thereon which serve toi fthe fpack n)@gbemgr e

particul arly to},f ?glﬂﬁ?‘%'ggm @%ﬂ'ﬁ lf Egﬁh

OI n
detail. This stdgéesoff alcea @/ el delleyed(to t h&e%bﬁcaﬁjyﬁ&ﬂll
will be;noted le@mlﬁaltidﬂRE@sesmo.ﬂ_lEch% letts 114sn m@e@omtabssatewmﬁ e cal

e n G R e e

hori zontal pl al‘dblwdrj llibﬁlgaéiﬁﬂmﬁ){wyicmm Bnagh 0 the fillyh wixdntolal sﬁlalﬁocused
provi sion, tog@ﬁe@n wicentral arqaggfnthe mnl@ ﬁehlSures of the sa carrier

ce npl r
R s e

free of changeaahdtmdetaqonat%l ysis (such as by evapor ation).. The stage S

rotationally ori&kg thﬁé Vhi fSrie fl dor eapumqg@ s ungin
virtue of aROel ég; ‘%E‘ﬁ @Ei f jéf ge%nd

adapted to 40 af 1s'a; r@mufbm if iin duruehﬁeava
A si ni | aN ocatwheg qm wfelé@e e cscm e ﬁ:;qferme begm e%pa;*edtm ql mgis tabes
when t he sta e )

bl ock. The 2 mﬁe&% i) glem %ﬁg{? dfe%:ctlon E‘[h&oa?j? n
menber in the fsBiike 6fhi dgjnggﬁﬁgahggﬁxon % acbfsmer mdsmriﬁ@,ly Egatga and
10 and separ at ethg rays iy ¢l ng Passes tq t inigh Vi ng
a substanti gl | wjmﬂwegﬂrma’ée ﬂsetb&rfausa&?néﬂgr%bfnw?m lepressHg lops 7

formed at tA%t CRekeRing!d® xﬂasdwucamml AGUay § & 121k s%?laeé@a% e 190 £0PM a
support for a fshbwnmﬂetamamnsrs gok reuvih lemxt?bum &t fadilitate Sldarfing: Akbwill b mmdsts

of an el ongatef!-’ﬂ“faﬂlé?1 Hh% Sgg %lﬁa W‘EYHE loghy 104y
bt&raB&Stui'éé

t er m nat es ?%] E‘Qﬁé’tﬁ’é E;%Hejé%r EE%%%&&G %%to '

gripped by the W&Wg
the stage, the lhsgtttaed mﬁasmalal sgmple rhaving ngubsnn blcfeeevh qnntahmglsnsaqunt

t
Thus, an el Ongéfé?‘hm onf’y “é"f“”%‘“ gg]"’@o(ﬁ"naufg ent;%?or?n:%‘ *‘i‘;ﬁ, A OEE £99yst age
for receivipg t éfdnga {5 cd hldn ‘%Big i%‘delol%"’
whi ch accommdaabmuwd edbdating fina52 idbaited il they ﬂitiaﬁlmlock afbcﬁtﬁg@&rlsas

shown in Fl GURPrdjesting tmt;helqlons t 151 indipates ‘ﬁlﬂléble stpggthag heendu@wht tpefllyenity

of the mountin T?Sis ‘ ﬁ 15 QLQYRL, L RGBS RIENG,
wedge- shapeds can plangm (eﬁbvﬁ,om PEE Rﬁggszﬁﬂ %ﬁﬁgd‘,a aIrEtlEﬁanw@hUR Hh A hgs
end 166 t er eofeonsastmg wbttarttia&v plhmg |sur€afce $360and ”_aﬁzrqamfo

preci sely posi ts é‘EP' iqR A% \%gaq W 118 s disnosed e
et ety e A o] AR T o
conponent s gg rm:aﬁfaadlé\&eb hﬂhﬂéab t;emg nyngriweryyﬂie Eraﬁﬁ TEH spamm iORasilp fhat

any slight war pemevedfand tq éle @, ee j &) n‘b‘ém g 60
made i s comnpen °‘ft EZ @{g% ﬂgﬁgﬂ? Qai nst
t he bottom of pdrts appages ASh SEGBREQD. Riwik BE

optical di ags arfunther Inoﬂeéslpxedte Quonard\@:tfeonwsxfﬂg rmdunhn ht:esmtfﬂc(attlﬁé) lstpmgeleansis to
the carrier s aﬂg‘

e b P mm: ;@ﬁm%erfaﬁ* ah@é?"‘w&tﬁm‘ o g

provi ded by thas Fouf®\pesterable tthaiNhesd components1h laterally and in every other

8 the end 080 st s%@o that| any-slightewarpage &ﬁlee%ﬁ meﬁwhlch esCArTigr enembey. is Goir e
posi tioned, ne °“511§d lfft ‘?“t‘? UTRIIRT ST ASILON PEATRE T bottpRiofhg
-contact made byc@nsrdeﬁ with fdspidt (REDREusing b EghtiGitd the sthge

spring-1 oaded adto the earﬂarspat anchthb loellelotixohyof Ight tigheftdmeasshdwnoa FIGYRESwWithnd
adapt ed to ehgzgelainthe RwRgse fon theiseliered noetiqns 68, Ldiprarided by thsrespeved portiansof ¢ 65
urge the carrier nmenber inwardly against slot 162 for precise positioning.
In addition, ball 170 falls -behind that back -surface and assunes a
position servi ng together with the projection itself to block light from
passi-ng through the channel 162 Such Ilght i s capabl e |f not bI ocked of -

T A e~



The carrier stage 150, even though renovable together with its
I ndependently renovabl e sanple carrier nenber 154, neverthel ess when
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retards evaporation froman aqueous filmover the free sdanple surface at
20 118 during the measurenment period. The |atter generally quiescent _
encl osure is geflned and 20 forned by the carrier nenber 154 itself;which
cl oseg apgk 6 by the stagelgggﬁnts close flttlng relatlonshhb/mnth
oY - : A -aled

[ nfr,,O- eont es ]S%J I’lt i n ect [ V I tat [ .on
coll ect] Qe ot L sl o) EE*”E%%* |
accor danCnﬁoﬁMédh'eitl gniameaemuu ¥ 8 6 1load Eﬂiﬁédﬁ de em ssion

filter detzptlgl symncmdelﬁia:btbq'tmg tandi prge e uatlamcMStefaoa ¢fqmnjemoﬁ 152 er design

gggﬂ ;I[S}e 6%"?‘%%9%7 aﬁéﬁ, $1°tdé§if gr%?é%P W‘dlscusm on,

JV

substantnﬁIt ck mflce.ging(;a;lntdamj str ctur rfélf vvh| ch are

produced#tlnﬁn é:bﬁ%s q‘“ge ‘Izgqﬁ“ﬁ egmnd]m og

appl i a6t A ?fcatu on'in
the . 30 5 aﬁ ﬁsame &s t% un.ltt ?gﬁen&)ﬁ%ﬁﬁoﬁ?}i@ a%g ﬁ on with

filters dekiwh \Mulhm‘ehibelrﬁsaﬂiin ﬁeeidits apt i on

frequenc;‘l (?e @mse@mb uency band
at appiﬁox‘P el‘?g lﬁ%ﬁg - 1015 ts high
QUaNt UM Qdaple GFGeF  mérber QUhe vﬁfen o} =aOlight ight | S 35

absor bed & osuge efmmds@t air Wlthm the opt:cal assembly The former ehmmates Backgfound

35 Referr qrgetar atwhl ch

P! et e e BB g i eg ke o
contours I&éusﬂmipaﬁ ésdjh&ﬁtﬂf)ckt lﬁy fises 516V oﬁ&ﬂﬁﬁmct edin
accor danﬁal%dhmtoctoh tactywithinebares supportingthe respectiereseitation and dollectiesoptizal t 0\eBt ai n
acorrpro | a n ti:Qn. i°S plied 40
a_compl.o mﬁ colfiSLAhnd B sorgaé 2B AbbAnd ,eyegug.enug i ;;g;% e

Wi t hout oomplident th obthemnﬁskmtfaiekddsfghmhethe fdliowing ldiscassiat, |emitaﬁm]da:ﬂol l ection

channel s.entssipadfiltene will) e @ﬁ ‘b‘aﬂdalﬁ% S?ﬁyy e@a@wbéalmaglt bamn-eni ssi on

3223 %@ C%ghﬁ;% rmmbeg?{ r%‘%%hﬁ er3 are

charactermﬂieﬂutuescélmltk@mch as:amabsaqmoo wwsybarakat Bl mﬂnﬁxor cut - of f)

i fil and 3 Exuis oyt |
!sub!stﬁg edbﬁ(:ﬂ'é ﬁg?'l" ge SI'SECYD'I ?%ngﬁpﬁ'}tg? ?tﬁ’ﬁﬂﬁtﬁgs}% ssi on

filter havRagmngrmwhiomGmeas itlefe isGshowril@ s&@ks&ﬁenives:hmaﬂﬂiustratér tHés, t he
emni ssion iﬁfpmaﬂénmﬁm bﬂﬂditﬂi’ l?@h udé@themmmamctl aqteristicsiofithe t y
herei

naving = NGRS SR B ggﬂ“ ?%I“*’-‘Wsdt A of 16nm
for 5Qgo teo aeSHmPR while o e rﬁ‘@ reaceﬁéét Qlo 385% ng
t hr ou tor aressita etweenfthe&ll matuiifdhd m)lle chénne as:ﬁcel:thémbsmwmebana sHown at

182 vvhlle% & fluppescepee Japd 131pverl 3qh ratherpare; wrtalB0 FI GURE 13
il e iR e catéﬁge%84 The

: I||um4§atde€1=ﬂo eubyﬁterfbﬂeacd&au@h lfpb ¥ sifglO§ub §tﬂit‘gl d01 Vit & pd ﬁaietobqu curve
having a Qb@m erhighotygismis hlbh habdtmm@ﬁdﬂlmdjadathaﬂﬁhm conbi ned
with a cyfs J éﬁwﬁgnﬁmga%%g g ,;,% Yﬂﬁlﬁlﬁégﬁncorporat ed
with the 1ss et O s ShHAD Srted ot @s'ﬁﬁ“ “Thenbi nat i on

filtergof assgf\%i save isfmoimayl ewlilerth@.cut@n clive of ¥y ﬁlf&rllsDShowﬂaS$83tiﬂn‘§0 55,
curve 1S

l%fﬁIterc vetqggth@h vehowrt asleevcaw {The
conbi nat iyl 3 ] med%ﬁ%i %{] g hntert he
vm 1ts
speci fic se%&edn ria@ﬂéSn lfiaid ﬁ&&lﬂﬁﬂit ¢ pdsEhand RHRe !
appl i gantte fompﬂemmblmpndittsr dn@rw\#ansfhctery@e orRiahab The: éxaitan liaSsl uandqoss cs, Inc.

of Marl b e is shey gl% ?}C‘@EPS‘P gut-off curvg is shown at 186 and the combination illumination
1596, 52 ter at curve € tollowing are the specific specification Ofl. utfg Wg I; f
' ere. made to applicants’ speclﬁcatlons and which are avallab Jl ﬁ%ﬁm ﬁ) er er e nC €
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filter manufacture as a three-cavity technique and may, of course, enploy
nore cavities as the need may require. In general, it is found that the
foregoi ng design in displacing the spectra nmaxima of the filters slightly

away from each other and slightly off of The response 25 characteristics |
of the dye, neverthel ess provides very satisfactory performance. In
addition, 25 the use of .cut-on and cut-off filters on the substrate:with
maxi mum tzansmni ssi ons of about 80%yields overall transm ssion of the
desired badd of the 'order of 40-50% Referring now to FI GURE 1B8{here is
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of FI GURE
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A study of the fluoronetric systens of the present invention illustrate the
percentage |loss can be directly related to the ratio of 'the gap distance
bet ween the sanple and the effective 20 dianmeter of the light input end of

“The emtted right colTection opiical sysiem The term 20 "effective

di aneter” nmeans either the dianmeter of a light input end of circular
cross-section or the equival ent dianeter of a non-circul ar -cross-section.
This latter term may be approxi mat ed by reference to the forml a: 2@
area: [err]
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a source of excitation radiation, a first optical systemincluding :
excitation filter neans passing radiation in a first 20 frequency band, a
beamsplitter for form ng reference and sanple channels, radiation in the

20 sanpl e channel being delivered to the sanple station, the sanple channel

i ncluding a second optical systemfor collecting radlatlon Bt t ed by
fluorescence by the sanple and including emssion filter neans passing

radi ation gnlyilin a second predetermi ned fh8%@Acy band, the first and 11
second frequency bands being substantially non- overlapping, 25 a
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phot odet ect or supfgqagtbg%‘;% Ega %ég P %,?g, el %yng%
radi-ation in tRe %mls&uﬁﬂ; dnfnﬂ ﬁfcﬁn& sQ;Eh%Ua :Sbleﬂ ssafy orRoi@nipiitao el spgern.
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1, 596, 522 station comprises a test stage for supporting the sample carrier for assay. the stage and
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bet ween t he sanpl e g&gnﬂ@ﬁclhh’rﬁbﬁn tlmipUt asegeistefdrd) @estiitied Giitl refbref® tOind as
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schematically illustrated inPEreEhREr e ofns HEy HPEN B D enpl oy a
thin-wall ed cuvette to retain a coated substrate of a spherical shape. If
so, the cuvette should be fornmed of a material which does not cause the

| oss of the 10 fluorescence i'n excess of 30% The above description makes
reference to fiber optical cables as one preferred light 10 conducting"
means. |t should be understood that other optical conduits such as |iht
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may al so be enployed in those instances where the di stance does not require
the use of common fiber optical bundles. 15 WHAT WE CLAIM | S: -
15 1. Apparatus for fluoronetric assay conprising a station for receiving a

carrier bearing_an exposed sanple |ayer presenting a surface for assay. a
source of -excitation radiation, a first optical systemincluding excitation
filter means pasiﬂlﬂl’ ,ﬂﬂlmﬂ ! a first 20 frequency band, a beam
splitter for n ,”IIE sanpl e channel s, radi atﬁﬁﬁ in the 20
sanpl e channel bei” ng°deti vered t'o t he. sarrpl e station, the sanpl e channel

i ncl udi ng.a sdcond optical system.for colliP88#ng radiation emtted by 11
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