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FLUORESCENCE DETECTI ON SYSTEM CROSS- REFERENCE TO

RELATED APPLI CATI ONS [ 001] Not applicabl e. BACKGROUND
WOR0OGHESSINVENTI ON 1. The Field of the | nventi oRCTAB2j05/046203

The present invention is directed to a nethods and

apparatus for exciting fluorescent material and

detecting fluorescence in a sanple. 2. The Rel evant

Technol ogy [003] Various optical detection syst ens

auant 1 ot ve. rdSaPBHENCE Bed NS N o1 s

the use of CRW@RE?EREW‘PWI@ELRTE@RPPEIGK'PIOIQSe
associated wth targets, such as the reaction products

[081] pol YWasrpplicableai n reaction (PCR) anplification.

[ 004] Nunerous ] n identified
that exhibi ¢ 1 PR OvRES TRERARINRINIIES i ¢h 1 1 g
l.at a sdiHedile ofHfiThdnition frequency. For exanpl e,
fluorescein is excited by light at a wavel ength of

[088but 49 pspsentimyertinn is difegted tara methade pachgppRrems fyowiciting
d
L e e A B i
fluorescence either qualitatively or quantitatively by

referen the e on wavel ength. [005] One
conventﬁ’@r%??e S?&E@W readi ng system passes a |ight
[ObEf oughyg Bandpass P stbdtfhy s ?ﬂéﬂi@ hdvanseid %elvélg d 3br use in

e excitation wavel ength, rough a sanpl e, rough a

quaditaive dndngipatistive teasureinentst Oae sompzon sygtem iatvom:e the use of
en SSI

t d
oS EnE S B GHE Ay 1hsle e 58 aSebTLE il targflsr e op s reaction
plRdA&S ofﬁblyﬁf%?éé@ BhaiA kedcBaf (POR) arBpkfication! hr ough use of
a carousel. In order to speed up the process,

[09¢] er naNiweross eglimigals omaenndiavhavse dren cientifiedy thatr exhibit
ﬂﬁ&(r%g&hge wieh Hlu%nnated with light at a suitable excitation frequency. For

example, fluorescein is excited by light at a wavelength of about 490 nm, and emits

light at a wavelength of about 520 nm. The gap between the excitation and emission
wavelengths allows observation and measurement of fluorescence either qualitatively
or quantitatively by reference to the emission wavelength.

[005] One conventional fluorescent reading system passes a light through a
bandpass filter, which transmits light at the excitation wavelength, through a sample,
through a second bandpass filter that transmits light at the emission wavelength, and
to a detector. In this classical system, multiple samples are shuttled into place for
sequential readings, such as through use of a carousel. In order to speed up the
process, alternative stepping systems have been developed (for example, see U.S.
Patent No. 6,015,674) or multiple light emitting diodes have been provided together
with a network of optical fibers to perform several tests simultaneously (see, for
example, U.S. Patent No. 6,597,450). Although these types of systems are useful,
they produce opto-mechz:ical noise which reduces sensitivity of the system, and they
require a significant amount of time to measure all of the samples due to the time it

takes to move the optical system head to the samples, or the samples to the head.
1
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Patent No. 6,015,674) or multiple light emtting

di odes have been provided together with a network of
wopbiemabdsiii bers to perform several tests sinul Panas2®EP46203

(see, for exanple, U S. Patent No. 6,597, 450).

Al t hough these types of systens are useful, they

produce opto-nech?ntal noi se which reduces sensitivity

of the system and they requi re a significant anount

Of F{bggeggtiicg s n?%%?/seﬁ?tﬁgr sufter grtg%eth%}t@%}rln ahiog ef a s?%rLaT %sstoEHFed with the

satmi ambeﬁbpﬁﬁewﬁwhm@ﬁea@eh b@shﬁr&tgf Fi ber optic

systens further suffer fromthe attenuation of a

si gnal associ at e@BRIFFPUMMARY QFf THEINVIENTIQN  whi ch

al edu MARYIEL :
R B3RS i OV SN s o xiing
35 apﬁeteﬁhgsﬂmebcamiehndsmpbs exciting and detecting
scence in es .Odl
sl E° hoadmercubtabniting Samale dolier tgr BHIGR R b butieg of samples s

Pr gMovitRd thRAB& MR Wh LBti&N n%ﬁfoﬁﬁhadﬁ@g]hfs%aﬁ‘at@ ¥bRfiod source and a
separ ate excitation source and a separ ate phot 0

r e sepiavage pliao rmrmr & etaeleoﬁhg phlraltty oﬁfsarmaiﬁ@l es. [008]
t her enb | d gont ahns
ont§8E," exder Eafs Trdsdia R e MR GGy dn excitation
40 as sagta bad ﬁH’d)td fb@eﬁ@lniﬁ Ia@sobﬁtddemh {HeQ8plehoddwt her
enbodi nent, the optical manifold contains only a phot

r el er  IanancihereEbpdinesh ﬂﬂ@u ppidcal smarideld; @ﬂré@nw qnw a photo

E)B Eicg lrfagcr%lg#f ?ﬁ{ Pg{ig%%%? ‘%}f‘%’c}g t%iéd‘ﬁgxm tation

so[mo:)q: andmnt dnmtlpdroémbdcbmemtyab @p‘tlba] amaifeld isnptovéled, and both the
l.e .hol der. '

anp [011] The present invention pe
r asawdtaa% SPULES 6‘?11 @ ﬁ@é@@ﬁlm logated 11, 4e é?@@%@q@afﬂ
45 \(,)Mpidgfix!ts t heydd Fesgflt q{?\yénﬂgn hoSts 2RQidM dkBRMion2AMd measurement of

chani c or electronic dist r ance. It exhibits
anfleseeqnio vathosi @muset of moveg patsi ad withelt per thosmtcmamcal or
di fferen

to differ teb ver | ow | vel
¢ | plspoatt AlbiBhgs st FEe P de o rehith permits
Pr 436 Qtffdrenand bém’e&i {/éryll’&@ QR dbfefented inYfluorescence.
[012] These and other features of the present invention will become more fully
50  apparent from the following description and appended claims, or may be learned by

the practice of the invention as set forth hereinafter.



apparent fromthe follow ng description and appended
clains, or may be |l earned by the practice of the

wonverrssaan as set forth herei nafter. BRI EF DESCRCPTISEINS/046203
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OF THE DRAW NGS [013] To further clarify the above and
ot her advantages and features of the present
invention, a nore particular description of the
invention will be rendered by reference to specific

T g A AT
Ct{])i)%\fnngs R ks QB}% ttM I258ve GHP AhdreRfvantabest AR features of the

tion and are ere ore not to be considered
| prédent figentior, tasmeropreticiiliredds o romi Q:ﬁ»thwm\renﬁ@n ¥al hejsadered by

?qggqu%gl tglhgpeeg SlFfle%él{ étsgg%eé)ﬁ eﬁaﬂ uﬁfh(?edj% %é appended
[cﬁ%\% JLgE | G4 'ise?#:préc?at@d S en&k | dawiRps @ssiot aﬁllydppmﬁl anbodlments of

ment | udi ng an optical manifold, sanp
hibk deversiod miiotie therafpreenot [ooh@s]cow@ﬂ?@ lgm.tlglgaof its scope. The

schematic se n
BT, 1P GREELRS Pl gRRLfty SRR By o e
r @¢&iohahe udedkGihe McotipanAng drawisghiamtitlc representati on
of anot her enbodi nent including an opt | cal
smiﬁ] e hdligae latg apqqszr@am(é ég}rgsgptath@ F@ga (Ein}f:n} éﬂc&udmg an
tic..r.ep errbodl nment
hﬁ"irﬁrlg lf?alﬁ ££fﬁ%§@hh§%df gﬂ%ggﬁ%rl e hol der nand phot o
r fA8| ver .Fig@d &] is Gisghireatie dpesataion of anplher ¢robediment including an

havi an excitation sourc and photo receiver
i ﬁb@ﬁgmamf@]é g %hﬂldel[@lfgﬁ OFq ’ifﬁ?lge% depicts a sanple

\AE(}II%Tr haxing dl@% sﬁﬂé}flétweﬁkbéiﬂatﬂfn oF 286héeabedialenOfcluding an
pl at'e; an optical mani fold having an

gggﬂﬁéaggna?fggmggmgﬁe hnlgleﬂmlglrog@rﬁéﬁggl‘r associated with
stheilat i H1EwS; %pl%hgﬁatéwgaes%%t{ (%f agog%fn ?m%ﬂh?neﬂlt glcluding an
;%g?gﬁ'r'rﬁea%gol\’/&egﬁnﬁe heRfet &l piAdtdceiver. sanpl e hol der and
[018] Figure 5 depicts a sample holder having an excitation source and photo
receiver incorporated therein.
[019] Figure 6 depicts a sample holder having the configuration of a
conventional 96 well plate, and an optical manifold having an excitation source and
photo receiver associated with each of the 96 sample holders.
[020] Figure 7 is a schematic depicting an embodiment of a controller in
connection with an optical manifold, sample holder and photo receiver.
[021] Figure 8 is a schematic depicting another embodiment of a controller in
connection with an optical manifold, sample holder and photo receiver.
[022] Figure 9 is a schematic representation of an alternative embodiment of a
detection system in accordance with the present invention.

[023] Figure 10 depicts fluorescent luminosity during the first seven cycles of

PCR.



[021] Figure 8 is a schematic depicting anot her

enbodi nent of a controller in connection with an
wopbiemassimani f ol d, sanpl e hol der and phot o r eceCvYRIS2005/046203

[022] Figure 9 is a schematic representation of an

alternative enbodi nent of a detection systemin

accordance with the present invention. [023] Figure 10

depi cts fluorescent lumnosity during the first seven

cycles of PCR [024] Figure 11 depicts flugrescent

I[024]Inosi F'gguth[ Aepieth dlupreseqnt é@v@ﬁswgwég @F%’fﬂﬁéﬁeﬂ cycles of 2

cycler i . l'ification.
FE§%§EE¥8DF%”fgﬂ%E§ﬁ§B§ﬁggﬁgggggyﬁfﬁﬁﬁhosity of noi se
qor3Ing t BRufd N3tshewu dluctyschesiuafindIR ofsieige during the first seven

conventional S sanple vjal_ versus. a bl ack ,opaque .
\epeles 5P ORTNE R PR P T r By ud POR vil
EMBCODI MENTS [ 026] The present invention provides an
optical system useful for nmeasurenent of small anounts
of fluorescence in single sanples or an array of

sanpl es, such as in a conventional 96 well plate. A
feature of the invention is the |Iack of nechanica
novenent or sharing of optical conponents during
excitation/em ssion, resulting in 90 very rapid

readi ngs, and avoiding |oss of sensitivity due to

opt o- nechani cal novenents. [027] An enbodi nent of the
present invention is depicted in Figure 1, which
illustrates one configuration for practicing the
present invention. Figure 1 illustrates the
positioning of an optical manifold 20 in proximty to
a sanple vial 22 held by a 95 sanple well support 38A.
Sanpl e vial 22 contains a sanple 24 which may contain
a substance to be detected qualitatively or
quantitatively using fluorescence. [028] Optica

mani fold 20 is provided with an excitation source 26
that generates light at the excitation frequency. An
excitation bandpass filter 28 passes |ight at the
excitation frequency. 100 [029] Excitation source 26
and excitation bandpass filter 28 are arranged so that
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105

110

light at the excitation frequency will strike sanple

24. An em ssion bandpass filter 30 is |ocated over
weanple3dd so that it will be struck by em ssi 8as/uUS2@®E046203

fluorescent material in the sanple. A suitable photo

recei ver 32 receives |light passing through em ssion

bandpass filter 30. 105 [030] Al though other

configurations may be used, it is presently preferred

that the excitation source_and hat j
et oDETal EDsOESCRISTICH AFa Ay REFE A RSP DT ERFrs

6B 1 | Yo, £ 8IAG] {081 §iftichi Ssteshn uSefal REM ¢
REAGT™" it el s Rtn RO ¥R, ical it befBl T hcasuremen
oF s@aN hspuntshdsmondscatcd iim ginglesseinpleswir |ah aapap 08 GrEPISs; sych as in

view of the teachings herein that other canfj i :
arconsouis| 85 MADPROs LA FREH B 3 1 ARl papab kb fBfhanical
' gm{n%%ﬁﬂb nRfts AusABTYxeitatld) dokiesibi, gresdting in
%J‘&ﬁegﬂgg ows t he Iﬁ%&l %18{1%8 sar?pl e \gir_gal_l,aFi gure 2 .
shenaapide resingsf anddivpdiog 3lpsshic Rensitivitold¥e atos gPiospeghanical
volunme of sanple. It will be apparent to one of
RS- skil | in view of these teachings that other

bEHCt Ur ag, &ﬁb!o&ﬁeﬁﬁ@ﬂtﬂef‘ﬁ)r@éeﬁﬁ énvehtion ds dppietefl A8 Higure 1, which
igure 3 illustrates an alternative geonetric

dllnstragrsnenet confighiation foy pracHsdie hePrerenEimygptiony Figyre 1 illustrates
Fi 3.. mani fol . o
SR bR IRHRE R 8 RGENEYSP22 el by o

EwbBIshpSorpPOAL S3BBld Walf 22 ¢onthing & Rangplei2davhigh may contain a
source 26 and excitation band&)as% fi 1 ter géi %0334
Fiugsirecesojbs dstagiadguakiigtipsly oF QUaptitaliyely, Y& TPt G
ﬁ@#f gl 3 %éf:lig@"f&l@ B RERIRRIeS with! dnfxcRkifor] R0 that generates

em ssion bandpass filter 30 and .
Phattat HR0excRtioy GreqBicar Anlescitdtod handpassilier g8|passes light at the
support 38C. [034] Figure 5 depicts an alternative
eptstatipRHEdWICY-he i nvention onits the use of a

S@%@L at e @RihGA! soB FPhi ekitatisEbindphavilie28 aaanaiged so that
of ‘ihcorporating an excitation source 26 and .a

hot o
r Bgletiav ere SRithtiorsfequeacywill stiip ggppleggDAn,@ngl?thg{dﬁﬁs filter 30

enbodi nents, the enpodipen [
TERCAET 5 AP TETE AR ShoH HE, cHy orcs
bARAPAS S tid §Mini80A BagkyhonS recbisecdBreaives light passing through

i ncor porating these
emission bandpass filter 30.

[030] Although other configurations may be used, it is presently preferred that
the excitation source and the photo receiver be set off-axis so as to form a ray trace
which is primarily coincidental to targeted liquid in a PCR well. An offset of 7
degrees has been found suitable. Of course, those of ordinary skill will appreciate in
view of the teachings herein that other configurations are possible.

[031] Figure 2 illustrates a different approach for holding a sample. Unlike
Figure 1, which shows the use of a sample vial, Figure 2 shows the use of a dimple 34
which can hold a suitable volume of sample. It will be apparent to one of ordinary

skill in view of these teachings that other structures may be used in place of a dimple.



conmponents in the sanple holder, it is preferred that

the sanpl e hol der assenbly be reusable, and to effect
weasos/odssaposal of sanples, it is preferred thaPCrhs2005/046203

sanpl e hol der be configured to accept sanple vials 22

rat her than dinples or other non-di sposable sanple

receptacle. In Figure 5 the excitation source and

photo receiver are depicted 130 in-line with one

another. One or ordinary skill w |l appreciate in view

d032lhe t Bigors nbsilh’é‘ﬂétieﬁ phapltSRabE SERMEHf Jrrapggment”of  the
115 \[/c\%%llé:):jqn%lbss ?g g{gﬁ}@ fend Fl?}i%ﬁﬂ ehddi ®1P36 A REpAdHsaniddd receiver 32 and

ul e excita sources i nclude an LED and a
| AsiEp s diter 32 tovessamnels swlll 32, pnésanpledvalhaupppre8B is fitted with

ot By e Do SO AP BGING 25 00 m |11 canal 6

g@g\ﬂr . iidute 8l QimNgf & FRfrd habuttthe ekdfatRmciduadd aml excitation
ource have a di spersion beam | ess than abqut

. : . N¢ 2
tdﬁgdms ﬁﬁfer @s lcbcxa(tjqdrlumiweHefObi‘ 36Bs jand emassiondhanApass f‘gfsb%o and photo
e .ne or condensi optic 6] Suitabl hot
120 rré%eéY‘?fZﬂ?r‘F I?Glmﬁgén Eﬂ%ﬂ?&v St é‘dlrtd}éfg@p'h]ot owr ezi s?ofs? (F)>I N
gtgglgfi ng : @?'] Ede@{&ﬁt ﬁf Stenative eaibodimett oif ciesinveygtintl @igd the use
[ a e e tati f

lof od Separates@gtbxgl P . ii%{gpe%l ngs Lgn%gp@pﬁenc el éémo OSOQﬁHg an
inthe art th r ] 1 ;
BB PR e RSt StaeseD s wi
PbtBS it odinbaBdhasmbbdintent of Fignerfomey alsoamiledt ¢xcipiiondyandpass

e : . _ !
125 hﬁgérr?&]é%%gsggélh%_gt{l%gg%ﬁ& é@ogg%%g‘g rog tsc%o%’f gf i %Qxi)ar&ting these
{?grﬁgoglregt%tihl‘fﬁ% H{.}rgﬁle IR @ HrRfdidtHatofb isé@pldiitfldek4ssembly be

een I'n the contigurations described
ahysblé, hatl toeffsepasntispapt plsanmies, ityip peefenrsd thet bssample holder

[039] Figures 1 - 5 show ' t .
byl BctspSole Lt AR eI anetion dpoosse
t Eﬁaﬁlg‘f@dm&};%ﬁs 19 1 dulke 5 Pihe $R6itatioR weice @Rdiphotcheceivéd are yepicted
to _eal fth a [arge nunber of sanples sinu|taneouysly. .

130 Firglinewghione agothett _é)gletoh erdimasy glill APRECCIAG [T VIEW O thél feachings
g g%{?l iratg%ﬂa Orncggﬁg}gr:aﬁgﬂsewc}ulﬁ Uso %?&Hdéﬁ%leﬁ‘eﬂi@ b ttRfinRntion.

[035] Suitable excitation sources include an LED and a laser diode. It is

preéently preferred that the excitation source provide high luminosity, preferably in
the range of about 7000 to 25,000 millicandle power. It is also preferred that the
135  excitation source have a dispersion beam less than about 20 degrees so as o provide
efficient emission without the need for condensing optics.
[036] Suitable photo receivers include cadmium sulfide photo resistors, PIN
diodes, photo-transistors, or other devices capable qf detecting light at the excitation
frequency.
140  [037] Tt will also be appreciated by one of ordinary skill in the art that there may
be no need for a bandpass filter, or that other structures may be provided in place of a
bandpass filter to remove unwanted light or if the illumination source is

monochromatic at the desired wavelength.
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plate 40. This is acconplished in Figure 6 by

providing a manifold 42 fitted with 96 separate
woandsionzgiions of excitation source 26, excitatPOMUS2005/046203

bandpass filter 28, em ssion bandpass filter 30 and

photo receiver 32, which are associated with the 96

sanpl e wells. The configuration of Figure 6 is

suitable for use in connection with PCR or 155 ELI SA

readers, o th t i
dHi gurBtVir’QS‘EFi B?e LWS&}? Iéope‘fq Ell{ggbsdiﬂf gﬁlf rS}el iocue 48 optics, but
145 (ftf hz%shl?ee?lﬁfoﬁﬁd }l 1y ccﬁlf%@f‘a Bt 100aihed Gh¥ed thab Inats%parﬁte optics are

ew m |secon out any opto-nmechanical or
eﬁ@aﬂbuﬁmamwwsturbance The mani fold is very rugged

d hi gh] I
ﬁﬁ%r Iatg OF&U[QEU]: S?ge%@ow Vﬁ.‘&%\?s tbcar 'g&%’%x? nE %%)niﬁ)ﬁ{r’é@&{seassomated
%@gﬁ 1RIORNBOME FR ANt es @f@wﬂe@édt efiveRyish énthe BBility to
r su ply 44 is provided to power the IuraI|%¥
ﬁ the use of

afea]ewahtaanarg@mmm@éwmles @rmuléememﬁhé FEguag § 14BSTEHiCS
50 BSFE CopfeRRESTREFERRD) or Sachl bitis WoenXie L¥GRVALiORD 96 well

or progra og|c

Gkl I'.fis {sl’h@boﬁﬁ]@s\ma in Bigued 6&Y provitingld menifelddad fitked with 96
excitation sources on and off as desire qg
rseparyteABMIiNations 0F exriiaHoR SPHECE Sov PG i o Mt 28, emission
A 'géagtgeféfég'%%mt é}fot{?’f&deﬁx?efr'39”m§@éﬂ 5@Sas5bdiMbd aBOHR! 96 sample

ays may be’ used for each of the
ewelld. aTheBorsipuratian of Figlle Aisatiehiet fo usejr eewnertien with PCR or

of the optical excitat t
155 PSAerepdersi g bR U ARl Pl BROE e i ORIy oP igure

ahQy ab‘fé éfgreﬁcﬁﬁg% Eh $OnY 96 HRINS of 8 BBRARIDLSA] 98Xedl! pl'ateQﬁ just a few
sSour ar e S own I n COﬂJ unction with excitatio

bmmimads‘ withmtm&mmhma@ ior @Lwtr@l%@ idishuroaReet frBﬁ fnanifold is

into sa
awyw opi bisPEreD s il s PRURAPR LA bABEDcctbment.
! %%&Be/ SR Séhenfadbalyl 0EMbdtmphiIba centeilleesystem. DC
ef er passed to respective anplifiers 48,

160 \Amwér smvply 4%/18t previsied iR PeweT B RIWaL VoY FSHBl FYIFHi A% One or
receiv
r BIOES T Zarys 46| are S}fog/gfegqg%hg}rgﬁegﬁakﬂ aF ag ?(lﬂyg)%gxnlﬁn%'gg Sources 26. A
aeﬁﬁﬁutblt ot ﬁro@faﬁfxﬁﬁb’le fodid abntﬁﬁleh (autphowig ot foghee cantroller, turn the

adj ust abl e gain so that a | i brat.
pexditinpdowses Aawind afhas Sesiced pfr%gillaglF atly %’5%&1 | pieg i some

€8 naatttio%g tgra%YlJVth all of the excitation sources simultaneously, or separate

165  relays may be used for each of the excitation sources.
[041] A schematic representation of the optical excitation components is also
shown in Figure 7 using the same reference numerals assigned above with respect to
various components: excitation sources 26 are shown in conjunction with excitation
bandpass filters 28 so as to direct excitation light into sample vials 22. Emission

170 bandpass filters 30 and photo receivers 32 receive fluorescent emission light from the
samples. Data from the photo receivers is preferably passed to respective amplifiers
48, which amplify the signals from the corresponding photo receiver. It is

contemplated that a typical photo receiver will produce an analog signal, and in such a

7



conparabl e data for subsequent analysis, thereby
allowing for differences that may exi st anpbng system
woan@ssis under calibration conditions. [042PCThis2005/046203

signals fromanplifiers 48 are sent to a multiplexing

device 50, which operates in coordination with

cl ocking device 52 to control swtching between the

188 plugallty of inputs fromthe various anplifiers,

and sends a sjgnal to an _anal og input 54 of. a o

eesepitise prefarRdy Banctcheamplitier %éﬁgﬁﬁt “St%%? g §o Py 4 pyjibration
175 owe%cé%{g&n{éaeto Qhsifte Bfag @4 b GedePronpPifef @biBafién provide

ructure capab of performng this function.
cOhphrablegdute f@& shbpequest ambysive theeyoaliloweing fof differences that may

controll t il i.ng.th Lar i
COA o B ol e A IR0,
Z@%ﬂ\;gmt TROsihALS FbhEant P P18 R seRDIBROMARpTexdRs devidresD, which

Figure 8 shows an anal og output 56 from a
opeptesein ¢doadinationcwith exdecking: devage a2nip icpnel sgitqhyag betyeen the

drive excitati.on sources 26. .. i ' .
oo i Ru b 9, T B0 R w485 SRFEL L B o
t5€o P Bbinpter, Ghlicagif thd birsy ‘@ohpoter? eusdripuadly torinclude use of a
controller to control the intensity of LEDs used as
cadsramobls loBisrceno R oF USHHSENTS Rl RESHERIE iy fnction.

| ter ivel : i i . .

S Vi, A S8 B, i

&h@cn\ﬁb@{ods zefirdllon gyﬂsme niayriet shviantageously wsedvin conjunction with the
concentration l i [ '

155 CRRResoTpPONTE AT ds TR g ST D BF SRR OE\IR DD from a

]?cg)ﬁ{p%@é}qﬁﬁteﬁ%nﬂgctéﬁs 6l ah QBRI 58 dsBll S0 GRivi RixBithtivm: sources 26.

r “exanpl'e, one could separately adjust the gain of
tHEDangdi diercitationsotrees ¢xiitihs brightngss tthas i%nr@p@rgionélﬁo the applied

source,_Qr an adjustnent may be. hand .

ciaee or pBina] Terf RS ShRPRGIE Lo Orof e rfinctf B LEDs used
PIs&dxRlthiRsh dduRdes il ?es?&%% mesRidwensitiviey, of altbmatiygle to account for
typically referred to as "aval anche" recejvers, whi

190 refibrationorequreineis.s Whiccmetliednge celbiefign {i| foy Usq e Is%agdardized
state to a fully "on" s i .
R b B LA AR chont o
CalahAélprb@uel thelfimeanpisuaghenobtipye Vedois grroahencmebe used to

perform this calibration: for example, one could separately adjust the gain of the

amplifiers, or the intensity of the excitation source, or an adjustment may be handled
195  at the computer.
[044] In the embodiment of Figure 8, it is preferred that the photo receivers be of
the type typically referred to as “avalanche” receivers, which refers to receivers which
change from a fully “off” state to a fully “on” state when the emitted luminosity of
the fluorescing material reaches a certain level. The applied voltage required to cause
200 the photo receiver to change to an “on” state can be used as a measure of the amount
of fluorescence. For example, if a relatively large voltage (high intensity excitation
source) is required to move the photo receptor to the “on™ state, then only a small

amount of fluorescence is occurring in the sample. The converse is true: if only a

8



200 the photo receiver to change to an "on" state can

be used as a neasure of the anount of fluorescence.
weanoeazstpl e, if a relatively large voltage (hPgi/us2005/046203

intensity excitation source) is required to nove the

photo receptor to the "on" state, then only a snal

anount of fluorescence is occurring in the sanple. The

converse is true: if only arelatively snal | voltage

results in activation of the ?to receiver,

aelativedy smell yaltzgygesuligin aCth@flo’éP theRhota TesFEr %}ES i an"indication
205 g%q% t gﬂutaf%?%ﬂéezggc%%@ ﬁé&ﬁéﬁé@&%ﬁ tRél %ft@gi 1&?%1{6(;1 to cause
?I:Id Phvdto Eaje?;@u ajtﬂthahgf tosthe Cfen’éstameraatbm rfoloquamn@tlaﬁdgﬁafmmﬂtwn of
uorescent. material in_t 045] Non-|
élhﬁbilim?lil@%ﬂ%reﬁ%‘i‘t pwterialbip tgﬁ%ﬂ@ﬁgeohsl y] to grrp: Pfesr

sign feMaRRAkers b wefyetd athplify th
1 O Rof i TaRRANET 9 Ghitohe ‘%ﬁf‘ﬁ‘%ﬁgg oot Dy e

algnlalst ﬁrorhcph@td meeivhei2 & iserefered dyaéfamphﬁﬁrs 8 Bgveayapiable gain

of .circu e Shi {
210 adisipent gglth‘g}r]&) aﬁ}ov‘f ﬂ1§ Pil?le %‘Fc;srf: ge}gefﬁplinnai\éa%%% wsolngzﬁ tances Shift
r@@ 1sq,fseftﬂ SorGAGHIRE 0Bk of thatpladalirof ikcohnig E@inals to 1nput 62
ock signal 64 may be used in this COﬂflguratlon

fout‘he @imrmtelr eyicenieelles0 /st digiial { eleckesignah ofpay be used in this
Feliguetiti FO gup i Ao 50 % KADUEHRER R SIRAELYSS Mputs from
248 vhi@dR]lphbt et €lvErs de priat hib oﬁ&b&hmtned‘éairb yeadrbysh® oetipitar.

t
215 g[pgg]em ?glgglg\%cliq%\fgtg %%l%gnazllge ; rér? tolgﬁgéznt Scﬁs ﬁfgh eg-,rag]n Yow-noise
eéécl%ro QG %sé?eq% ORhisG éter?iq {with t@'btsﬁl‘ﬁidmmlh 2sheigkttler with

und rsto at a system m ght 1 nclude onl
3assodigke oprcadlcemponentsy njtheuimi elkould be Ppdesiopd Aaat @ﬁlsel)‘{ll system
sources 26 and exc tatlgen bandfass filters 28 are

prighbipchylenly & 28ty snPse P* BRE PARRISH eni ssions onto a

SF’I@LE‘ Wig D15 A0k & s Yo aha eddtatibiTbasdpls HaadR8wse placed so as to
are shown in conbination with photo

220 I disécs ERCitting, envibdiats caltceaggmg]etwl\ﬂ@nﬁh@p@ Y1@§|2é7’c Fndssion bandpass

FRlfer o i e i A0pSHECU PG AG 20 (RN B saSitve phote

f 1Rk %ﬁpé{b@%facréa{tﬁh@rlﬁ% & @dctroRicegdial fror hamteeﬂamreeazent photon
photo resistor is of i mpedance cadmi um sul.fi.de
t gypEssioni soragemoYSer ggp‘]@g @;cem as a fluorescent material, the preferred

photo resistor is of a high impedance cadmium sulfide type which demonstrates good

225  photo response for the fluorescein emission wavelength.
[048] Associated with photo resistor 70 is a high impedence-dropping resistor
72, the combination of which allows a relatively large electrical signal to develop
even in the presence of low light levels. Inclusion of filter capacitors 74 dampen
clectronic radio frequency (RF) interference by providing a shunting pathway to
230  preclude amplification of RF electrical noise. Linear amplifiers 76 are provided with
gain adjustment so as to permit the balancing of the plurality of electro-optical

circuits with one another.



225 photo response for the fluorescein em ssion
wavel ength. [048] Associated with photo resistor 70 is
wa 2hiegh3dimpedence- dr oppi ng resistor 72, the coROTS2106/46203
of which allows a relatively |arge electrical signa
to develop even in the presence of low light |evels.
Inclusion of filter capacitors 74 danmpen el ectronic
rﬁd|? frequsﬂcy (RF) interference by providing a
shunting pathway to 230 preclude anplif
@‘@dt r i a@qtg%optmah@ﬁﬁe%aafph’wee% S orevige bR gaftgiver supply

Al f'élé‘f‘? §Etotidd %2 ggﬁfé?‘ Thd Hgphloa ﬁﬁéaﬁ* anflifiers 76

circuits with one

235 @ﬂ@dﬂf@’eo{é@g%ssfb an ahﬂog lgaﬁmg)mluttmlewy 80 ewhigh irFfugey asecogmected to
is provided wt

B pied M 8 50 Boter Supol X %4, 8100 00 i
ais%%%wﬁg%#)éqaﬁ&émgﬁzhﬁ‘%vﬁﬁﬁ ARCHAR oY dtiRG SmiilElp RRe10S R "Dl@}a analog

ati'n exer which in turn i s connected t
dmguplakerglabmdss gmabmmhwdbﬁﬁllaifaqhé Putnipsif dae phirgl 1ty y of linear

teﬁ r@u’%u{]sre]calpl L %mbcg'e%& Sev ﬁlgl‘)éé%%gg%m%nagmg
240 %ﬁ{ Atkr vahﬁdhp iseiSﬁ:'ferQlBIS’Va (iﬁfégramﬁﬁbrts 10@%3 rcettyolddr| foofuse hwith the

out puts of the plurality of Iinear anplifier outputs
mlbokiﬁnsamﬁiﬁgﬂlr@ﬂd read every few mlliseconds by the

r@g gi ngﬂil?a& uetgﬁr(%lscm%r%ﬁ that \Esr iteﬁ %?bo g $baRtE ANATH @orescent

use Wt nt of Figure
gsarrﬁ)%:’%al' hiikes foeatetddiion oveledert batel uhwrescent lgnmﬂ@ns than a

I
ﬁgﬁgéﬁxo%nf cipatsomle Vidl O iRqHs o1 00 Dl o UBpryal igbelioved
245 DVSH L ORRlm &P flaus o B conWeddRdl clebushiangatl® cdilﬁnbute to
tg By E s Ber;

eor eved that mnute thermally
i vnﬁliaﬁe@ls mtbanlgg»summﬂnmmma dials comawnly/foand fimthedaboratory which

fﬁrgf tehils gy b iencs PEIPRESPPEASE ey BREE HEARS fuorescent,
| o8tk hs Qéeglhrfﬁ%%greﬁ% adPhASSAR d}ﬁnmﬁﬁmnlsftﬂvttgt ion are

al'so often highly fluorescent, which has bee
djostpver d&etm@d@wrﬁm§§®ﬁ@l9mmﬁlﬁ¢sswn§@hﬁhqt? Wtsvwﬁy to that of a

250 p]%)lgﬁ]f% e e {ﬁ\/{f’b ?f FI se sn?alp&ﬁiﬁkgseﬁl wrfdvlight levels, and

requires no mechamcal stepping mechamsm to read 96 sample vials containing
fluorescent material in less than one second. Another advantage of this embodiment
is that each photo resistor occupies a space of only about 9 mm by 9 mm, which is
only a fraction of amount of space required for a PMT. Yet another advantage of this
255  embodiment is that it uses low voltage, whereas a PMT typically requires voltages of
1000 volts or more.
[052] Another advantage of the embodiment of Figure 9 is the ability to use it in
connection with monitoring of amplification using the polymerase chain reaction
(PCR), by monitoring differences in fluorescence very early in the PCR process. In
260  conventional systems, the first five PCR cycles are often considered to be the “zero”
baseline because DNA growth cannot be successfully detected during these cycles. It
is not until the 20th cycle before DNA amplification can be reliably observed in

10



photo mul tiplier tube (PMI). It can sense snal

changes in very low light levels, and requires no
worelsansaial stepping nmechanismto read 96 sanpPeTAS20108/046203

contai ning fluorescent material in | ess than one

second. Anot her advantage of this enbodi nent is that

each photo resistor occupies a space of only about 9

mmby 9 mm which is only a fraction of amount of

space required for a PMI. Yet another advantage of .
chmentions dysiems duetopeise. itthag besn %%dmttﬂéf‘g%‘?g‘%ﬁ‘élr%@a%f Ejgure 9

PMT t ypj cal.l. [ &l
R e A N e
la?plid&ﬁo@é;!ebﬂy Yieteotiows ef IDINA rnydificetion ollows the wasneth fsmien ¢ghermal
g anplgglﬁgazgn y3|ng_¥Pe polyneras? chain reaction

V%#%n_ oring differences in fluorescence very

§édpy | g MuBEREEHS TurhMeSRAVSRpLQITA it edoentirotid@hich i
?Irgt f|v%ﬁﬁ%gfgbg#es_areuoffen cﬁﬂgidered to ggﬁ¥%e -
A it bighbgtdetdl méich ED%AsedOMke sranded, andritsdowpg level when the DNA

successful |y tected during.t s T
st LSS Bl QPRSI 85 hida0pby e cver
270 fiﬁérba?s%% IRSAEMES pAAROTW ek RBlofStiet emtsaling flmsewi Bexing the
I't has been found that the enbodi ment of Fjgure n
dbn?vta;mngtagey@e@mlmmy tempereR brssERsRnAIL U g donffftranded
e 7. Fo 0 ' ' i
ST CFRRER A DROS i gty e s
CHCERS hibRe3kvél gute dRcedsivesimatling staged aodmemdempre DNA is
out put of a fluorescent probg which i its

 oicednBhis Ao Aot e & KPP o 1S EpALfehcton of the
275 gﬁégﬁeﬁ%ﬁé‘% El%i % iplsoc LN RvALIRNIE the € oS tr8af¥n in the PCR

_ ( e anded DNA is”indicated by the ever
2Bcdsh & s Lsedul ihIpuedictami and optiaiization of e waersdf t he

[ h . [ '
[Rhos! EecmReT OpyPTTsRs s a8 BeRibBy £ aMgnpky Hearitimic
%Jé‘@%d@pd%ﬂ HRO Yehingsteh@Ckcduts Ghrtgll theSdenateednPdition of a

um nosi t eturns and reaches an ever higher
| PGRI cyeke. Rh@psuelity sslogaithminadlyi mgressing dBomseence dndetected as the
nmore DNA | s produced. This systemallows for a
280 d@meﬁ]i"%g‘i?kes\lﬁ%%‘ of the rates of reaction of the

[055] The sensitivity of the present invention may not be fully useful with

2635

traditional thermocyclers used in the practice of PCR, but the present invention is
particularly useful in combination with the novel thermocyclers disclosed in
copending patent application number 10/991,746, entitled “Rapid Thermocycler,”
085 filed on November 18, 2004, and having a common assignee with the present
application, which application is incorporated herein in its entirety. This is because
the transition times of conventional thermocyclers between different phases are
typically about 45 seconds, and these extended transition times tend to obliterate or
distort the observed curves. For better results, the transition time between phases
200  should be reduced, preferably to only a few seconds. Conventional thermocyclers also
suffer from significant thermal noise, which is reduced in the thermocyclers of the

“Rapid Thermocycler” application.
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275 biochem stry in the PCR process. Know edge of the

rate of reaction in the PCR process is very useful in
wonrewiogsdion and optim zation of the process. [ 862juSh®s046203

conpl ex observations are al so possible. For exanple

| ogarithm c curves of declining photo |um nescence ’

occurs during the denaturation portion of a PCR cycle

Reci procally, a logarithm cally increasing .

fluorescence is detected as the 280 '
[Usste. [rg@ﬁp 1l‘r|tihlus3@|tﬁ§i RGR reagings whea I%P g@%ﬁ"gﬁﬂ’@ g’ﬁ‘?? Bigee. The
n e fu u W i ti
B0 P ke e il e e o
295 'mﬁleﬂ Rkhdsel @ lobistats Gftuthiniation. OTHis sarhe decay i lebedieechyhen exposing

t | i : .
e ot 1 SEPSTIA R, S g e s s
g‘gsﬁg %g%%é@%gﬂzé%ﬁd LEPRudRVEFBaIe IBa s@Osouatedof excitation

_ ( n assignee wth thé present appl]jcati
Wahe hThe phéresdendiuniinositycdacpp mdod adis p@s@'ﬁd iqqﬁlgq igwentio%nép erates

entirety. This is.b : ition td
st i SRR M SRRy DRSS phnomenen
200 A& el Y GRh e @BEML4PARERDHRE baRekeh pesethext andeavih of DNA.

transition tines tend to obliterate or, distort, tqe
argglonmesugEoyly drcetherdssy ¢sle fiperepgeghsignsl gppy decrease
] en ases .
o B 2B eSO B S S8 Pk EaBbiod vt
SHE f8Ewi DN Anibiveast id bpslesh adi sveywhiec incigase in luminosity
red qedlr]thetherrrpc cl ers_of tglee%"Ra' .
Tisaacancy i oo DO 004 oYg8b upingeip vy Afe
S r LM .

s gt DAY RSP FRGR i el Bebignetitng ey

t@sypher gind 1deeaipaes tiee ubd oo remspaentpihemeomatioyyigls and black

oo st AR gg&%ép{qgi gl ﬁf‘%@%g}ﬁ%ﬁ 2eSAIRALERK dafl be almost
];{9232},}’36];1%1%%1%@% 2921%%1&:21001301@6 B8e vikhewsec g baskgromsd fluorescence is

. 0. 02% per second of continuous.
ex$a sy remignans tthe ripcsotoptical ofigrsk cpR HEi 1Bere| liughlty nyplified as the

310 T;&g&ﬁg;ﬁ%p@& iggi%l}rXVe%?C[?%ra%\iNCﬁu&r%sc%ﬁts §f4€Ard Refynhdlpful in
reducing noise for applications requiring detection of low level fluorescent changes.
[058] Low level fluorescent detection is useful when qualitative PCR detection
of potentially harmful biological agents is time sensitive. The amount of time
required for statistically certain detection is reduced from nearly an hour or more

315 when using conventional fluorescent PCR detection systems to 15 minutes or less
when using the present invention in combination with the rapid thermocycler
described in the copending application cited above.
[059] The present invention provides an unusually useful and rapid fluorescent
optical reader system, capable of reading every well of a 96 well plate in just a few

320 milliseconds, without any moving parts, and without any opto-mechanical or
clectronic disturbance. The system provides an outstanding signal to noise ratio,

which permits it to be used to differentiate between very low level differences in
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325

330

in opposition to growmh in lumnosity due to increases
in DNA. This phenonenon 300 serves to wi den the

wdaizbdeawaaiti al | um nescence between growt h and ROT®EISEASA46203

of DNA. During cycle one through cycle three the decay
of the fluorescent signal may decrease the lum nosity
of the sanple greater than the increase of lumnosity
associated with the growth in DNA. However in cycles 4

and above, the increase in Iun1n05|tg asso§JF E &
tiusreseeneeh The TDGRLINF SYsiga dhatiffeciRachptd sUHPIY szge to make

SPA o A i g Ciop Bl o

Hoguskdnaleeeldes the use of transparent thernoplastic

vi al s and_ bl ack opa e vi al kgr und signal of .

SORont | SRS R i oy e S S RED Sp R Brp without
éggh %tfﬁ%n ??é Sgﬁ"ltrbg e@semlélc&a%@éﬂéﬁcél | fhe dW¥eEBed BRbodiments are

backgr rescence Is held to a mninmm_ the

elbdwet comsidpterl galallsiespeats andy ap dlmatevmmmqt 1asHIFtiYe efhegcope of
e .310 S|gnal t 0= Noi.s t

116 JRER; Sy e Stk oS 1 i PORRHE S pirs ot i by the

f RfecdRR ﬂé‘s@hbt%’rﬁ an Uh é@g vﬂﬁ&ﬁ@émeﬂmﬂ{lnltbavnh@maig and range of
fl uorescent changes. Low | evel fl uorescent

despésclénspi of ﬁlewé%émm%‘?@ Q&lﬁmﬁqe@a’t’lﬁmé thsirscaRe-ect i on of
potentially harnful biological agents is tine
sensitive. The amount of tinme required for
statistically certain detection is reduced fromnearly
an hour or nore 315 when using conventiona

fluorescent PCR detection systenms to 15 m nutes or

| ess when using the present invention in conbination
with the rapid thernocycler described in the copendi ng
application cited above. [059] The present invention
provi des an unusual ly useful and rapid fluorescent

opti cal reader system capable of reading every well

of a 96 well plate in just a few 320 mlliseconds,

W t hout any noving parts, and w t hout any

opt o- nechani cal or el ectronic disturbance. The system
provi des an outstandi ng signal to noise ratio, which
permts it to be used to differentiate between very

| ow | evel differences influorescence. The inventive
systemis quite conpact and sufficiently rugged to
make
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it practical not only in |aboratory applications but
al so in portabl e equi pnent intended 325 for use in the
woizadeth731060] The present invention nay be enbedirad2008/046203
ot her specific forns without departing fromits spirit
or essential characteristics. The descri bed
enbodi nents are to be considered in all respects only
as illustrative and not restrictive. The scope of the
invention is, therefore, indicated by the appended
claims rather than by the €B&IMSr egoi ng description.
Al | c&ﬁ&ﬁeslwh%%h_cone wi thin the neani ng and range of
equi v o la o) H& clains are to be enbraced within
their scope. CLAIMS What is clained is: 335 1. A system
for detecting fluorescence, conprising: .a sanple
335 hol derl. f or AheustinnEpraletscingflpergscsnce SABPESNS,; | east
some of whi ch i iHRS 3 kéthe oftwhich ma
pIuraﬁ%ﬂ?pkﬁ“%§%¥?§@ﬂ§%gg'urgggeéone o?ggg%%b%% t he Y
RbitaR 4 fivoredcenmmletisl; capabl e of exciting the
fluorescent material; 340 a plurality.of_.phot :
r ecei ePlraliy Of fexpLEIR0, SQYFCSSH 8“?)&% S%ht of @?e gfz})\lﬁ%}t%so,f samples,
?c?ﬁa%% Sf&‘q 6 fhoQsdhtRbRGENt em ssions from the

or escen terral when it i's excited; an optica
240 mani f ol glufatity diptditnmeceiaets, enccfor sadhoef the pluaelity 9f seaplgs, capable

3 Seating unratonnlFraRs Bt AOB LD W CpRPRR! Gffh Mebied

exci t eanacﬁi(cgll HMi 8538 EtholdhE bachl exeiththinsoubee and each photo receiver
correspo dll ng sanple and be detected, by 345 the

darasespiodiwith thh sawpledmoddayeso, thet Oppﬁ%icglygteéﬁ]il gxcitatign spurce will
1, wherein each,excitati. Ol [
Jitstte ahg o Gareny Fusts oy 15 b6 e BAE SHABROMR Modetected by

345 %gg%%gmiﬁgbuotbqemranot her while defining a ray
trace fromexcitation source to the sanple and back to
350 the correspondi ng photo receiver.

2. The system of claim 1, wherein each excitation source and
corresponding photo receiver are offset off axis so as to fit in close proximity to one
another while defining a ray trace from excitation source to the sample and back to

350  the corresponding photo receiver.

3. The system of claim 1, wherein each excitation source and

corresponding photo receiver are offset 7 degrees off axis.

355 4. The system of claim 1, further comprising an amplifier associated with

each of the photo-receivers.

5. The system of claim 4, wherein each of the amplifiers are provided
with an adjustable gain control.

360
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3. The systemof claim 1, wherein each excitation
source and correspondi ng photo receiver are offset 7

wdegreassiof f axis. 355 4. The system of cl ai m BCT/US2005/046203

365

370

375

380

385

390

further conprising an anplifier associated with each

of the photo-receivers. 5. The system of claim 4,

wherein each of the anplifiers are provided with an

adj ustabl e gain control. 3606. The system of claiml1,
wherein the illumnation of the excitation source is . .
propoct i ondhe tsystetve of slaimgé, apetaiedhe AlgmmgHengf the excitation

conpri.sing a.variable vqglta t e €vari
pPUralt twwl‘&}?iitf)a eoy]cﬁtagle” E’ggg&ségi ﬁﬂleﬁe sgsﬁ% ienr%t Ef variable
GhRidD hntr¥hBF Bidh Fakdplafalityef eithitorr euedeser s conpri se

an aval anche receiver. 8. The systemof claim1,

further conprising a controller for passing data

sequenti al .y f t §. L\ i moprise
 Tecdr di ngcuRes ARy Pbbiisdleck VTkle pRO, et Comp
Wh ek ghficheeceswrpl € hol der is configured to receive a
plurality of sanple vials. 10. The systemof claiml,
wherein the sanple holder contains a plurality 375 of

di npl gs forTﬂ%%ggtbﬂlgoﬁﬁm £ -fudiler cORPrisingtLsonablied fok pusking data
wherein the photo receivers conprise a high jnpedance
caguentially fibfi the phiality of pldte reneiversii argeqrABe d¥1eHr i si ng

a high i npedance dropping resistor for devel opnent of

an electrical signal. 380 12. The system of claim 11,
furthey comyd §jsign dffdidilnel, FAPRAI ther sdngyle ddideeris rgnfigured to
el ectronic radi'o frequency interference.

receive a plurality of sample vials.

10.  The system of claim 1, wherein the sample holder contains a plurality

of dimples for holding sample.

11.  The system of claim 1, wherein the photo receivers comprise a high
impedance cadmium sulfide photo resistor, and further comprising a high impedance

dropping resistor for development of an electrical signal.

12.  The system of claim 11, further comprising a filter capacitor for

dampening electronic radio frequency interference.

13. A system for detecting fluorescence, comprising:

a sample holder for holding a plurality of samples;

a plurality of excitation sources, one for each of the plurality of samples;
a plurality of photo receivers, one for each of the plurality of samples;

an optical manifold;
the optical manifold being configured for holding either the plurality of

excitation sources or the plurality of photo receivers in association with the sample
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13. A systemfor detecting fluorescence, conprising:

385 a sanple holder for holding a plurality of
weanplogssiia plurality of excitation sources, ORETMUS2005/046203

each of the plurality of sanples; a plurality of photo

receivers, one for each of the plurality of sanples;

an optical manifold; the optical manifold being

configured for holding either the plurality of 390

excitation sources or the plurality of photo receiver

hnldas soé ittt sasmplahelder bring egnsicairs) Weas to falyl thaothes ppfhe phurality
hol der _bei ng.conf.i.gur :

87 shstatiy SieeEd B pEtals, Sutldto 2feheSoPAEbpAUDEE cach
RREtBoh R6@ICY 84S exdte dnlyatuongest tnhaeriz fwithie theesotiesomiding sample
source wll excite any flugrescent material within the

and be defeetad By thesppresP AMEnaRhOfRIEEYEY by t he

correspondi ng photo receiver. 395 14. The system of

claim 13, wherein the optical manifold holds the

pl uralidty afheesystanataforlasout; eshemin thve opticnd| mamigdldelolds the

hol ds the plurality of to receiVvers. 0,15, . T

st o craiafioh satroghahL i sHEP Bohdas beldh e plfy ¢f photo
theRyurality of photo receivers and the sanple hol der

hol ds the plurality excitation sources. 16. The system

of claim13, further conprising an anplifier

associ agted 405 wi.th each.of,th { O LMers sclif.

100 The syt em B arikrh s Pl i B, it SpRLA Chenihd potas the
%ﬂ’lﬁaﬁfyo&f dadiontdcbivers asti wsd althplediedlderchoitls ahe phirblitiBexcitation

he system of claim 13, wherein the illum nation of

tdomgreexci t ati on source is proportional to the voltage
applied, and further conprising a variable voltage
control for each of the plurality of excitation ]
sour Cef. The system of claim 13, further comprising an amplifier associated

395

405  with each of the photo-receivers.

17.  The system of claim 14, wherein each of the amplifiers are provided

with an adjustable gain control.

410 18.  The system of claim 13, wherein the illumination of the excitation
source is proportional to the voltage applied, and further comprising a variable

voltage control for each of the plurality of excitation sources.

19.  The system of claim 13, wherein each of the photo receivers comprise

415  an avalanche receiver.

20.  The system of claim 13, further comprising a controller for passing

data sequentially from the plurality of photo receivers to a recording device.
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19. The system of claim 13, wherein each of the photo
recei vers conprise 415 an aval anche receiver. 20. The

weoeysaiommssai cl ai m 13, further conprising a cont POTIUS2005/046203

420

425

430

435

440

445

for passing data sequentially fromthe plurality of
photo receivers to a recordi ng device. 420 21. The
systemof claim 13, wherein the sanple holder is
configured to receive a plurality of sanple vials. 22.
The systemof claim13, wherein the sanp

contai 5 a phesutemypigaigy k| wherpigy thy é@@tﬂ%ﬂ@éﬁwseconﬁgmd to
4 aim 13, wherein the photo

I%gg%%% itﬂglé%%%f% a|ﬁ%;h i npedance cadmi um sul fide

photo resistor, and further conpr|5|ng a high

'ergitd ?;r&%; diﬁg E)éqte%i gggf ?E, errgde elﬁql&?nie Exiogf%ﬁ]cirgams a plurality

JilRiesGB RS rggm idilter capacitor for danpening
e ectronic rad| frequency interference. 25. A system

for detectlng fl uorescence, conprising' a sanple

hol d [ d f.
plour er 12% 'y oﬁkﬁ%éﬁ %thf§b1all§l PC 6961%2@6%(?8 53%??;‘5 compprise a high

Plrkiseabhdecaani Sl e pldtPlddistr] ind fikthphedmpi@eeh highsimpedance
one for each of the plurality of sanples the sanple

hétoppingiresisigr o deyvgerraent péan plsPicAlFigtald plurality of
excitation sources and plurality of photo receivers so

that operation of each excitation source will excite

any fl por esqastsys®hebif allaii 1B) furtiee @onprissggadiilier capacitor for
sanpl e .and be detected 440 b g?e correspondi ng photo

r empgERg elpgronty gadiq Te@ieney “%q 'S5, wherein the

photo receivers conprise a high inpedance cadm um

sul fide photo resistor, and further conprising a high

i npedaffe drogystenyfordsicsting fliaescdeces coppesing.of an

el ectr Ia%grlllplsél h%li]cﬂelr for holding a plurality of samples;

a plurality of excitation sources, one for each of the plurality of samples;

a plurality of photo receivers, one for each of the plurality of samples;

the sample holder being configured for holding said plurality of excitation
sources and plurality of photo receivers so that operation of each excitation source
will excite any fluorescent material within the corresponding sample and be detected

by the corresponding photo receiver.
26.  The system of claim 25, wherein the photo receivers comprise a high
impedance cadmium sulfide photo resistor, and further comprising a high impedance

dropping resistor for development of an electrical signal.

27.  The system of claim 25, further comprising a filter capacitor for

dampening electronic radio frequency interference.
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445 27. The systemof claim 25, further conprising a
filter capacitor for danpening electronic radio

wonrewessay i nterference. 28. A nethod for det ecPCIES2005/046203

450

455

460

fluorescence in a plurality of sanples, 450
conprising: providing a plurality of sanples;
provi di ng an excitation source for each of the
plurality of sanples; providing a photo receiver for
each of the plurality of sanples; activating each
exci t a28.on Aomethod 4pid desting sfupresegneenan cutpiualipe of samples,
eachJhoto receiver. 29. A nethod for fluorescent
FQ%@ of anplification using the polynerase chain

react i gavidsPplugdlivgof Senpésep of © provi di ng a black

opaque | ow fluorescent sanple vial; 460 perf t he
pol y rrel?f%@“%ﬁﬁ} ‘??(citété‘@“t Juce fanerchof e l%iu\'aﬁ)

det ect S

dur gt PRSHE PR SRRk ke éﬂn%ﬁéiéﬁ@ﬂ“r%@%%%%??on of

sanpl eadtivating ehc&a:mltamowsahrce and

measuring the output of each photo receiver.

29. A method for fluorescent monitoring of amplification using the
polymerase chain reaction, comprising the step of:

providing a black opaque low fluorescent sample vial;

performing the polymerase chain reaction; and

using a fluorescent detection system to monitor fluorescent emissions during

the course of the polymerase chain reaction of sample in said sample vial.
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