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CROSS- REFERENCE TO RELATED APPLI CATI ONS [001] Not applicabl e. BACKGROUND
OF THE INVENTION 1. The Field of the Invention 5 [002] The present
invention is directed to a nmethods and apparatus for exciting fluorescent
mat eri al 2O 2H80B81 ng fl uorescence in a sanple. 2. THETASWHAHETechnol ogy
[ 003] Various optical detection systens have been devel oped for use in 10
gqualitative and quantitative nmeasurenents: One commobn systeminvol ves the
use of fluorescent conpounds as | abels that are associated with targets,
such as the reaction products of polynerase chain reaction (PCR)
anplification. [004] NuNeFIOUORESEOENCGE DETRCDIGN SYSTEMeen identified that
exhibit fluorescence LLLun ' Lt abl e excitation
frequency. For 15 exéﬁ%ﬁ@,kﬁ' g@b&%ﬂ%&bﬁ&%ﬁ@vﬁaﬁ@%t at a wavel ength
of about 4@01]nm HNodapplitdbe. | i ght at a wavel ength of about 520 nm The gap
bet ween the excitation a 1.SS1 | ows observation and
measur enent of fl uoresceﬁwzﬁmﬁagﬁwoﬁr guantitatively by
reference {0 the er BisidyTtheMeangsgt h. [ 005] One conventional fl uor escent
readi ng system passes a |light through a 20 bandpass filter, whjc

transmxs OPFht afhe pesesk miventiongs diggsied torgymst °9%?%@P%afﬂﬁ3?’@mngthrough a
second banﬁmﬁla'éeﬁurﬁa&aralmaéetéc@ﬁ\mres%eﬁcbmsaﬁ pié.he enission wavel ength, and

to a detector. In this classical system nultiple sanples are shuttled into

place for sequential readings, such as through use of a carousel. In order
to speed t he EiSSmt RLdhEsIBa | Ve stepping systens have been devel oped
(for exanple, seeQE?% %@ gatent 6,015,674) or nultiple light emtting

di odes havi#0Bken qusimtwdgéﬂctmpn sistemsahavst besnk deeloppd i fonluseiiers to
perfor 19 S€ uea'il?aklvé GRd ﬁueﬁ]‘tl%% %%W&llxéﬁts( e’ coIn%on system involves the use of

fluorescent compounds as labels that are associated with targets, such as the reaction
products of polymerase chain reaction (PCR) amplification.
[004] Numerous chemical compounds have been identified that exhibit
fluorescence when illuminated with light at a suitable excitation frequency. For
15 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
20  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.
25  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:nical 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

30 takes to move the optical system head to the samples, or the samples to the head.
1
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exanple, U S. Patent No. 6,597,450). Although these types of systens are
useful, they produce opto-nechanical noise which reduces sensitivity of
the system and they require a significant anount of tinme to nmeasure al

of the sa to the time it 30 takes to nove th i.c st em head
to the sa%bgg(’,&gs%”t he sanples to the head. 1 SUBSTI %ﬁ@%ﬂ%}ﬁﬁ‘%{hum 26)
WO 2006/ 073811 PCTI US2005/ 046203 Fi ber optic systens further suffer from
the attenuation of a signal associated with the wuse of fiber optics, which

al so reduces sensitivity. BRI EF SUMVARY OF THE | NVENTI ON [ 006] The present
i nvention proyvides apparatus_and nethods for exciting and 35 de,the%tsi ng
r

f1 uorescence FiReisenis|sydems Bathpr qubiepFamdhagisnvation of 3 sigarhstocknd it

hol di ng a pl upRldrtabetptied M@ RIdoTequRELhGBAyt 0gether with an optical
mani fol d having a separate excitation sourcé and a separate photo receiver

for each of the plurality J&RIEH ARY00B enbodi ment, the
optical manif contrgl ¥ ' [ qto
receiver is a?gg]c_i at ggé \%l%sﬁ{itlﬁ‘é&gg%rdgg %%Ia%?éfsggweﬁﬁdzﬁgﬁxgﬁﬁgpd%odi ment ,
the opticadf ndeiectiog dluorssrenéais samplgs.a photo receiver, and an excitation
source i s asspmkat edw : . j.ment,
no opti cal maﬁ@? gl d %%%Jr]%l{l/&glgg&{{gin%x@g% ﬁoqé%gép%og%? glp ?1%%& gﬁ F%gm%ﬂié t he
phot o recei veprozided kagethtewith an bhicat axapifald havioea sepafatd exCitationhsourse @ge at

i nvention permgts,r d _excitatign and.measurenent of fluorescence w thout
t he use of rro%elpﬁlﬁte {Osre%{sr\‘éf’rvﬁrteﬁcuﬁ]frﬂ}mgﬁﬁofﬁ%%ﬂ%fhi cal or electronic

di sturbance. [008exhi In tuSother eebodidiennid oticalnmbnifold naitsins balyian, exedtatioh
permts it to diffed,rltﬁ i ate between v

nt 2 gr% lo&\%l eVﬁIh'fferences in
f1 uor escedte. SPUEFFoindARBROO FRGOIY PR psspcualed With FAERE B Esent invention will
become nore foby 50 app@EeRinbbdigkht hie foptita)Whagfol® sehtaidt | ity anghappended
clains, or may he | earned by. ) ) )
fecerver, and an excitation source is associated with the sample holder.
[010] In another embodiment, no optical manifold is provided, and both the
excitation source and the photo receiver are located in the sample holder.

45  [011] The present invention permits rapid excitation and measurement of
fluorescence without the use of moving parts and without any opto-mechanical or
electronic disturbance. It exhibits an exceptional signal to noise ratio, which permits
it to differentiate between very low level differences in fluorescence.

[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.




the practice of the invention as set forth hereinafter. 2 WD 2006/ 073811
PCT/ US2005/ 046203 BRI EF DESCRI PTI ON OF THE DRAW NGS [013] To further
clarify the above and ot her advantages and features of the present

i nvention, nore particular description of the invention wll bhe rendered
by 55 ref‘ggéﬁ%’@”{sgl speci fic enbodi nents thereof whi cH ArBHPPWE at ed i n

the appended draw ngs. It is appreciated that these draw ngs depict only
typi cal enbodi ments of the invention and are therefore not to be
considered imting of its scope. The invention will be described and
explained with additional specificity and detail through the use of the
acconpanyi ng drawi ngs i nBRIEEDESGRIFIION|OFTHEMRAWINGE schemati ¢

representati of odi pent Jn i i { of SB&P! e

hol der and p[ﬁg%]o rgg%i%g‘jg}e.r CF%?%]theFlg%O&rgeaﬂg oﬁﬂsgraa%g%h%gtaiqg%ge%egsognt ation of

anot her enbogégeBNinvériiohdinog: patticutyptdesaiptiorand the inyentiranyillebewshdrsed Bnd phot o

receiver. [016] Figure 3.is che i C fepresentat i

erbod! et (TREHR 1y SRS STOREIEEr HARR B CarnuaRd i (B8 el |

rrergeijyer- [Q&Z\}vm £ JW'i§ afipreéiatdd ﬂfahﬂféﬁé gxafvgrg@ﬁqﬁmﬂirfl 'tstvgvabémhmbmh@' " s of

enbodi ment including an. optical mani , S ol def . 0

recei ver. [ohg]inymion and aEFeB}eE"c%%‘edméé?r%Fecoﬁgﬁ%gc;’ %ﬁg‘i}ri‘%ﬁ% gg%g%c%ita fon

source and p@@é&iﬁnr@ﬁﬁbé’ lesdiBEP R b RHed hane bdditiohAl [sPdcdficityi and det6il depi ct s
er

a sanpl e hol aving the configuration of a}g conventional 96 well plate,
and an opti ctaroughiefuse af the oscRpaRREE VAL BV Nr ce and photo recei ver

associ at gd \AL(ﬁQ][ .eacgifﬁ;e {he 95@11&%1%:‘ ﬁgﬁ@n@ﬁ@ibﬁ .of [0 28fbddirfetit @ncludisg an

schemati C depicting enbodi nent o controller in connection with an
opti cal mani émicd] mamfopl, sarhplt Heldernd PO reseVeleei ver. 75 [021] Figure 8 is a

schemati c demlg} I ng Flagrlllpet NET, SRR '?a)%seﬁgti& FFARSth&! nfodinkent including an
optical manifold, sample holder and photo receiver.
[016] Figure 3 is a schematic representation of another embodiment including an

65  optical manifold, sample holder and photo receiver.

[017] Figure 4 is a schematic representation of another embodiment including an
optical manifold, sample holder and photo receiver.

[018] Figure 5 depicts a sample holder having an excitation source and photo
receiver incorporated therein.

70 [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.

75 [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
g0 PCR.




connection with an optical manifold, sanple holder and photo receiver.
[022] Figure 9 is a schenmatic representation of an alternative enbodi nent
of a detection systemin accordance with the present invention. [023]
Figure 10 depicts fluorescent lumnosity during the first seven cycles of
so PCR 3 VOV EE®dY73811 PCT/ US2005/ 046203 [024] Fi guf'd/USeOH&H2R4 s
fluorescent lumnosity during the first seven cycles of a PCR thennocycler
in the absence of DNA anplification. [025] Figure 12 shows fl uorescent

| um nosity of noise during the first seven cycles of PCR using a
conventional sanple vial versus a black opaque PCR vial. 4 WD 2006/ 073811
PCT/ US2005/ Q¢£403  1BBurbi T AbpiEi® fESERhPRmGIsDF diibig tREFERNED CENBCH AVENTS

[ 026] The present inventjion rovidfé gg?ggﬁqul system useful for

measur ement P} themmeoyelarig ihf sgce Pt N AEIRHER, i ngl e sanpl es or an array
of sanples, [p#)h asrigire @ SHIM¢EMiordaent Tafinvsityl ofphaiteeduringf batfusteseyén t he
invention is the | ack of nmechani cal vzgent orlshariqglgﬁkgﬁfical '
conponent s yelengf RER ueing ? rfveniional ssmplevial Tersps aplack @a9rd™ Vpi d r eadi ngs,
and avoiding |loss of sensitivity due to opto-nechanical novenents. [027]
An enbodi nent of the present invention is depicted in Figure 1, which
illustrates one configuration for practicing the present invention. Figure
1l illustrates the positioning of an optical manifold 20 in proximty to a
sanple vial 22 held by a 95 sanple well support 38A. Sanple vial 22
contains a sanple 24 which may contain a substance to be detected
qualitatively or quantitatively using fluorescence. [028] Optical manifold
20 is provided with an excitation source 26 that generates |light at the
excitation frequency. An excitation bandpass filter 28 passes light at the




excitation frequency. 100 [029] Excitation source 26 and excitation
bandpass filter 28 are arranged so that [|ight at the excitation frequency
\galrrlpl Zt r2|4ke S?Lrp![ e t24. _ iAln gm’ ssion bandpass filter 30 is |ocated over

: SQ at it w e struck by em ssions fromfl uorescen [
in the sanpPé* A tabl e photo recei zer 32 receives |q(§ﬁl€82%§§q2§fb m gtrjlgﬁl
em ssion bandpass filter 30. 105 [030] Al though other configurations may be
used, it is presently preferred that the excitation source and the photo
receiver be set off-axis so as to forma ray trace which is primarily
coincidental to targeted liquid in a PCRwell. An offset of 7 degrees has
been fouyad suit abEEAIED DBSCREPTIONDOR THIE RREFERRED EMBODIMENTSppr eci ate in

view of the teachings herein that other confi ti '

[031] Fi gur 49281 Lﬁfrpé‘?sé’%t QVeRiieR 8’?‘%@5 %B&bcégl#?’rs%%{r 9%@11 g‘usrﬁ“glp‘%é%gﬁrrp e. 0
Unli ke Fi gWemd aMbindoBileisscédie in/sifgle fantplascotpharray af sanfplegusueh 2s ghows t he
use of a dinple 34 which can hold a suitable volune of sappl will be
a{)par tent to ao‘??é;l@#loé?lcﬂ%‘é(@}/ plaggej fy) fe?thre\ﬂfé% We’ft}?é‘slg%?ee%‘élﬁpngga%aﬁlé’ Lot her
structures entUse8lalifl B 8RR al0fonfoténii@ing dci¥lonREHsDE 3R&ilting i

PCT/ US2005/ 465’03n [032]ﬁ%:i gﬁiﬁe S%Hﬁ)loust rgt es%_aﬁ,l aloternat iﬁie é%grr%ri C

arr angensnt vefy wipd 1resdipgimrddentoidieg Ipssg Ot SoRsIily gy e eoPie- 81 d 36A

supports a Qﬁ'@eﬁxeﬁﬁpe' ver 32 and a bandpass filter 32 over sanple well 22,
and sanple well support 38B is fitted with excitation sgurce 26.and
excitation H8XUpassAfiembedinzgt of the Iyresptgnyetian isdemcied iy Weﬁ’d’af’g’ 3, but

i ol d 368 L e S e O e ver 32
a2 1 ocalt od thepeimie el o e
gpt i cal frani¥gP .W%prgﬁég‘gﬁgbé&g%ylggﬁ%g%ihg ts| é%?ﬁgrhg%i%ys%ﬁﬁﬁgi tation
source 26 angibsaiddes be detddupnlitdtvelyorsmagitgivell usinglupteseeng8D. As wit h
[028] Optical manifold 20 is provided with an excitation source 26 that generates
light at the excitation frequency. An excitation bandpass filter 28 passes light at the
excitation frequency.
100 [029] Excitation source 26 and excitation bandpass filter 28 are arranged so that
light at the excitation frequency will strike sample 24. An emission bandpass filter 30
is located over sample 24 so that it will be struck by emissions from fluorescent
material in the sample. A suitable photo receiver 32 receives light passing through
emission bandpass filter 30.
105  [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.
110 [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.




ot her enbodi nents, the enbodi nent of Figure 5 may al so include exci [

nts, nent citation
bandpass 125 filter 26 and em ssion bandpass filter 30. Because of the cost
of incorporating these conponents in the sanple holder, it is preferred

t hat the s‘gmbﬂ%mZ&blder assenbly be reusable, and tobﬁjégzlﬁ%tz?ﬂgﬁ%é di sposal

of sanpl es referred that the sanple hol der

sanple vials 22 rather than dinples or ther non- di sposabl e sam%al an accep!
receptacle. In Figure 5 the excitation source and photo receiver are
depicted 130 in-line with one another. One or ordinary skill wll
appreciate in view of the teachings herein that other conflguratlons woul d
al so provi dqgo3dje beFigiret § mlﬂuStrhtes i v exfeinative [BeBPtrisyarrangemerl Qft 88 on

sources include an LED.and,a d I
the excitat iRPIRHISY 0T d%n ﬁ%&{? ¥ Ex%ﬁ%%%??@sﬁ% &k ?E&B rﬁeﬂgﬁéﬁgﬂfgnégagf
about 7000 taohadBp439@iten 32 ¢®aaaihpée pelleR, antsample atdlosuppast 248 isdfittedayith he 135

excitation source have di.s e t han about 20 degrees

to provide eé‘F‘Fart‘BPé?ﬂmee%%“gl% E?ﬁ@?astsﬁetgrﬁzzsed for condensi nggoptlcz0 2

([jlogg]eSSu :O th gtk{bﬁst]phOtFlgﬂf‘i@QEisVﬁihﬂaﬁ ﬁcmgude 3¢ aoknthe rexeitdtibn deurph end exadigtion ors, PIN
o-transi stors ot he S ca | e, of ht at

the excit atitspd Paﬁ?@(ﬁ‘ﬁé}‘ﬁzlwat ?l]d%?g W efmsgf%g dé)agpﬁp{?etggggé% ltt)dygone of

ordi nar XzoSk'ﬂeéewéBsﬁ'al%laéatedtlﬁaémmb%n Lg%yrtzsbce no need for a bandpass filter,

or that other structures may provi

| f.
remove unwaniO3d | i gPFBm@r5 ‘ileﬂmﬁ%@ ?“emﬁﬂ’t’en%?‘?"g Y 813 1?\%nt1$£$fg§shﬁlg r’f%flf : E:e;t te

the desired yaylgnab il IRRRRO/94E6 5] Q-E/M%Z&Q@:{e@ 268 ank
be possi bl e h{pﬂ structur%‘gg sfjch as foc S|ﬁﬁ gg[r%&]b ttlz\gu:?

has been f ouemdltatmnt shgrce @ﬁfang@rmot%wse% erin sayrly
optics are O(%#(gr e?rﬁ)l %h)fnelﬁfscﬁé %ﬂl’b}fdunk%%? h%ﬁi‘é@fm@? aldo mcﬁd@ Qﬁbﬂaﬂ&f baddSasd pt i cal

conponent ¢ I'gurations’ assocl ate a single sanple. One of the
advant ages ofilidrl26 and esssston) raudgass Hieri39. Beeaugdpf t%f:yw%t&f incorporating these

components in the sample holder, it is preferred that the sample holder assembly be
reusable, and to effect easy disposal of samples, it is preferred that the sample holder
be configured to accept sample vials 22 rather than dimples or other non-disposable
sample receptacle. In Figure 5, the excitation source and photo receiver are depicted
130 in-line with one another. One or ordinary skill will appreciate in view of the teachings
herein that other configurations would also provide the benefits of the invention.
[035] Suitable excitation sources include an LED and a laser diode. It is
preséntly 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 to 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 9f 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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deal with a | arge nunber of sanples sinultaneously. Fi [

_ : : gure 6 illustrates
the use of 150 the basic configuration of Figure 1 for each sanple well of
a con;entlonal 9? Yﬁll Plate 40. This is acconmplished in Figure 6 by
provi ding a manifo 42 fitted with 96 separate conbinations of excitatio
source 26,V 8%1%4P bn bandpass filter 28, enission bdfdfa¥ M %r 30 alndn
photo receiver 32, which are associated with the 96 sanple wells. The
configuration of Figure 6 is suitable for use in connection with PCR or 155
ELI SA readers, or other nultiple sanple requirements. The configuration of
Figure 6 is capable of reading each of the 96 wells of a conventional 96
vvlel | tp| ate 15"38‘”% Tawbald/be pobsible ecatddrthvr Stretresn sychogstBCUsREIPRHFE APt or
el ectronic disturbance. The manifol.d i el ' el i abl e
maki ng 14 sdf gaé_g?eén ?}F’dplagﬁeaﬁcfnreég}“& oFa eé?ﬁ?%[ééh‘{; pm%?n&lg%gﬁ%é];mgéé Sfé e 7
gﬁgbfts420haﬂ@§m@@%&§g@ﬁ enbodi nent of a controller system DC 160 power

y Is provided to power the.plurality of exci L.AQ. S 3 26. On
or nore rel[ﬁg% 46 HpEeHl o7 Sy Ve @Pﬁ?"‘ célﬁg?‘}lef}?c%? Grurali %%Cgaf(%& ©
Sﬁg :wa ?t i gp f,”f"'ﬁg f@iﬁgl@?am :. @ﬁgr?ﬂmead\%hta@éswmmiﬂneidvegm is tetabdity &r  (not

wn) , ~controller, turn the excitatign sources on.a f as
desired. A gleplgvih Eéﬂ&?n%bw Sﬂéplﬁ%gﬂl t?f‘e%ﬁiléé g’(%‘fﬁ?&ﬁ‘?%?tfsoﬁlg r{Sg%g}act i vat e
g'el ugfedﬁffcbgr%iéggﬁs%o %&{ﬁ Hb:E 8B iRl FRNaa sdnile Well HERAToavatiolAD6retlhys nmay

the excitation sources. [.041] A ' .
repr esent at ipdate 60. flhis ippaepplished & FlﬂrﬁérpydBW%g’ﬁéktr%an?fgﬁg%&e%s‘WM6 in
Figure 7 “S'ééﬁaraéé%pﬁﬂﬁ%&ﬁfo? EEG RO $OIRE 2k Sexditftion MAdFABOH Rer W8] émissioect to
vari ous conponents: excitation sources 26 are shown in conj uf?étioq W th

exci It at i on tixadhea idterf 30wt Bh® reseivars 32 ovhieh aEtasiogtatadayith the 74 FAMRIGT o
sanpl e vials . &M ssi 0 S fol : iherER ber s 32
receive fl yo‘?’ééte © Cé)%hgl‘g?%b%l ?fﬁgﬁ'tﬂ Qf% ?%r%fl 1%%%%0233@1'{%'%%&%%&}10m t Eg phot o
{ﬁcel yerlssl | sI]::D]S(Aheacmhd, yr phersmatiple samaplp eagtrirgracnigypl hiefcopfiguration of FEFUES0 anpl i f y

e signals fro he. cqarrespondi n tQ.r ' i : ted that
a typical phﬁf@%&c"gf g]’“gvﬁa &31?% u@g?saog aacﬁg‘fellc}g&{saii aﬁgﬁe%l %gg\%ﬂ%ﬁ?ﬁ%\ﬁ a 7 W
2006/ 073811 R{TidGRIGAHIEHRHDpto-mechanical or electronic disturbance. The manifold is

very rugged and highly reliable, making it suitable for portable laboratory equipment.
[040] Figure 7 depicts schematically an embodiment of a controller system. DC

160  power supply 44 is provided to power the plurality of excitation sources 26. One or
more relays 46 are provided to operate each of a plurality of excitation sources 26. A
computer or programmable logic controller (not shown), or other controller, turn the
excitation sources on and off as desired. A single relay 46 may be used in some
configurations to activate 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




case it is preferred that each anplifier have an adjustable gain so that a
calibration 175 nmay be perforned to insure that each photo

recei ver/anplifier conbination provide conparable data for subsequent

anal ysi s, ther e,b¥ allowing for differences that may exist anong system
conponent sWAAOYO'BY i bration conditions. [0421 The  si g‘?fgl"ész?%@fﬁq“&‘npl ifiers
48 are sent to a nultiplexing device 50, which operates in coordination
wi th cl ocking device 52 to control swi tching between the 180 plurality of
i nputs fromthe various anplifiers, and sends a signal to an anal og i nput
54 of a conputer, wherein the term"conputer” is used broadly to include
use of a pragriampbictred dgi eachamiplifiet Baveam aijuseblesgainiet thaba caljuwios of

performng this functiop, .[0431 Figure, 8 depi¢cts..ano d | fent of a
control }ér ﬁaé'tl?rﬁerfoﬁp fior‘g‘%‘irﬁé‘at P?thp}\(?g)r ﬁe%{s?erféglﬁ%lﬁ%l ‘%02‘?& %a;i;l[s}]? g?rdsvmr%ay be
advant ageougbmpitssld dafd o0 Bjbsaftihtomalysis hthtdeBy dB&viap tforcdiffercoeep dheg mhay

descri bed above. Figure 8 shows an ana]hpo%.outttl)(glgé 56 froma conputer that
i s connect edXiSbaAMEYHFPCrBPonsats yadey CRipronFeuYeS: ot i on sources 26. LEDs

used as excihgy]i ON BRUIEEE FRxDidpifiers 43 drg Rind RSSmultiplexing deviops0,whickal to the
applied voltage. This allows the conputer controller. control the

r t
i ntensity ofoppiEts il seerdingdonswith cclackipg de¥ige égstoi"ﬁm?"és‘%tﬁ g'?’St“f?S’éc&}éed
sensi ti Ké'ot Y 1B !og%git&?st R aBoRCEANHerd @hid J28s § lghdllatsh @Ralo@tiplr enent s,
cali br

One net hod lon is to use a standardized fluorescent terial in
a known conddnafracdnauternwhereinithe term igompter” dh ussddroadhy fo nglide usedimnel

pr oduces the Saﬂ 1m i tM@tﬁchd lﬁfp&f %ﬁ'ﬁﬁ W@ldﬂsed to
performthi P& b%’??ﬁl&@%&lwg%g%[ﬂeﬁ o.nee C(ﬁﬁalljl d sﬁeapar atgel y adjust the gain
of the anpl[pd3jer s, Figuretthdepiots ewntier embpdiment ef e icontrallen sestsgh dBustighingn

adj ust nment be handled 1 ; harent  of
Figure 8, itU#<"aHPey %ngertsﬁsg?mgh‘g&%ﬁgtﬁ g rgcels%yelﬁsgéé%b%f]mﬁﬁlg%g}é
t ypi cal hys r efpticslesdniponass devdbedraboed. Fignei § shews whaudlog ewipwtsSG omekei ver s

whi ch change froma fully "off' statge.t ful L ont .St t he
emitted | um$P8WEey that is F%%‘G‘FtF%’r &ﬁ“ﬁ@ﬁﬁgﬁﬁﬁ%d’ ot e°s‘é€é&%:g°r‘¥%:§géi evel .
The applied vEhi 2@ a§ 8QuhticRGolroescaxhibit a2Mightnbe the it pyopostiaial/erthe ppithnge t o

an “on” sta \?olt%ger.] Ttljfs alfl%)%g th%sco?np%%?(s)y (r:o%trgilerttg QoA At intensity of LEDs used

as excitation sources in response to needed sensitivity, or alternatively to account for
190  calibration requirements. One method of calibration is to use a standardized
fluorescent material in a known concentration and calibrating each channel until each
chamnel produces the same measurement output. Various approaches can be 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
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of fluorescence. For exanple, if a relatively large voltage (high intensity
excitation source) is required to nove the photo receptor to the "on"
state, then only a small anmpount of fluorescence is occurring in the
sanple. The converse is true: if only a 8 WD 2006/073811 PCT/ US2005/ 046203
rel ativel yWO#160738) t age results in activation of the §SHBPE2er, this
Is an indication 205 that a lot of fluorescence is occurring. Measurenent

of the voltage required to cause the photo receiver to change to the "on"
state allows for quantitative determ nation of the amount of fl uorescent
material in the sanple. [0451 Non-linear anplifiers 58 nmay be used

advant ageouséistiviety il vditdgd fegultssh gaihiionf ofaie yHoat wcaier.ghisdy an Bdicatian i s

preferred that anplifiers 58 have variabl e i 21 ' t jlity to
al | ow t HEm that gdotrrfrflorrsesnge 15 9?"‘&"9&Mﬁﬂsve@%&cqr}rt%%@?g%tegéﬁé%ﬁi P egi st er
60 i s usef ulgpd QlotdRBLLG b BB ® BE “brivastad alfotsifbyquahtithtiveatviengirstiomed s t o

I nput 62 of the conmputer or controller. digital "clock" signal 64 may be
used in t hi $he anapimf e flupresgent msteeial B EhSHAPIS: regi ster 60 to switch between

the pluralityff | nsH-ndab QMBS Rk UR BRAt AivEReRbudy So smilifiathel | of
t he channel s[ t

are read by the conputer. 215 [046] Fi 9 depjgts.
schemat i cal Isjgnals feqrbpbotpraereivers 2. HiigRrefpsyed ¢ %MBE?Q%Z‘%%W%{-’%&% al
system ,This i QMW Mot to biRofARBuEin\d Akisty 22 cirdudGeinber Shift h
associaggh 5%?%%%%F?%§%§§ents?hgﬁghOUSh It sﬁbuld ge_ﬁﬁder tood that a
usef ul syst esgistar Gfhis usefel farmonitrripg anesofithe pluralipynfancominggnalsda HPPEQS [ 0471
Excitation squrces 26 and [4atio N 8 fInhit 84 SmaRBb@fuSedoirn@ggl so as
to 220 diret té‘sx%?f’tpﬁ’éef on c%%&éﬁsﬁ?'oﬁs gﬁ%oq’gﬁga Sf%nél w t hai%’ﬁ sanpl e vials 22.
Eni ssi on bangpfigsatidi fotoanse sBilt meistes bdtarswiteh betwsbm theipbrality PRSP esi st or s
70, which arg sensitjve photo resi.st | i gh
el ectronic daf I3R! ﬁ%ﬁe‘geﬁ‘slsﬁ gaélf:%n %%%?%Sgﬁgée%aggflgﬁwé‘_ﬁtfges_ Wien
usi ng f Lyor e@ael N aFigaref 9 depiers Gelrmativdiyranadmboriineenp 0€ b digheghin JYGPOIS? esi st or

is of a high inped dm |fide t i ¢l 225
oo 2P a5t e oY B0 SPaE TR Rieesis

associated optical components, although it should be understood that a useful system

might include only a single sample, or many samples.
[047] Excitation sources 26 and excitation bandpass filters 28 are placed so as to
220 direct excitation emissions onto a sample within sample vials 22. Emission bandpass
filters 30 are shown in combination with photo resistors 70, which are sensitive photo
resistors capable of creating high electronic gain from minute fluorescent photon
emission sources. When using fluorescein 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
electronic radio frequency (RF) interference by providing 2 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.



[0481 Associated with photo resistor 70 is a high inpedence- [

resistor 72, the conbination of which allows agrel g}[)i vely | g; ggplalngct rical

fs: lg{lglr Egpggytel op 7iv§n in theI presence of low |ight l|evels. Inclusion of
capaci tors anpen electronic radi o frequen '

by provi di W8 28069Rtkt i ng pat hway to 230 precl ude a(rqrplei wqéql‘«%l;&ﬂq}ogéz(?%erence

el ectrical noise. Linear anplifiers 76 are provided with gain adjustment

so as to pernit the balancing of the plurality of electro-optical circuits

with one another. 9 WD 2006/073811 PCT/ US2005/ 046203 [0491 The

el ectro-optical systemof Figure 9 is provided wth a DC power supply 44

2% ;’if ig:'; Is ng%@gggy a%t\% gﬁt@ﬁé-bﬁﬁda}ﬂ@s@m o FoguipQ isairovidddevitia PGtpewer supplyear
! _ ( ageous ass to an I ' |
WhTCh 11 ¢ urtd snd s eaimecelBds conToloq Pl e The BT ool ARETR A OO P
84 to a,go ngri&eﬁl'ia e(-)l{ﬁﬁr gﬂahmaah 2REBE 'giting PSultifle:ee 80, it tnmrie dameaedrt chi ng
wi th the anal og &atl mul tiplexer 80. The anal o ti,pl exer ovi des a
gla?nst wher elaydigitdl gate signel 8 ansharsangfogtipRit §f 0P 3| W&“@fwhﬁdg‘ﬁf T¥ier
puts can : bt [
28 W%@g@épgxg,feg@g%@ g @R VthE 8iMIGE dting @aMMHechB0.t TRe amilizgi ng 240

conputer, whic rogrammabl e | ogi c control]er f |
the enbodi madtipleferFirguides Dmepg5ehershy ahef e TTRAS e RN GAL TSR of th

bl ack opaque ultra | ow f] u t ' i I '
alafgdingon of
| ower | evel anle}tg re%%t@\lr/ly? ci‘enmf;{: %?[gﬁ% ?ﬁgﬁéﬁ%fﬁ%%ﬂ%eﬁgﬁswetgf sarrptlige) v?al
:/\:] t hoult lzw _srugag,utea fkich dsiptefergbly hee progranimables lagiq cenpwden 4 ¥eavithitbiite
ermal |y indyced chapges i,n conventional clear vial walls contribute t
vari ations |‘?’inli’r9 H‘P(eé‘m{}%g“rﬂ%orescence. Vials conmmonly found in the 0

;?lsagr g; ;)(rax \rr](osﬂlh ?Iltqlaé ibgdit diycopbrgdriint mse DR biack ppseus Wira ilepe Alupreseeat i on are
I ghly fluQrescent I C as.he | r . [

di mi ni sh sgrﬁé@??%ivta}/.al ngg’rﬁecgh?fboogi @@’ﬁ{ q%fepl’—tﬂlé)ze%cé)éﬁg %&%%%égglquﬁ F:r and
phot 0 sensi tigkidntiohs cldaRbanifle dial. Mithophwishingtd bé pdund by theory, itAsdpylieved can

sense small changes in very | ow lLight .|l evel
245  that minute thermally ){nduced chagges in conversxtiongpaear vial walls contribute to

variations in background fluorescence. Vials commonly found in the laboratory which
are lightly pigmented for purposes of identification are also often highly fluorescent,
which has been discovered to add noise and diminish sensitivity.
[051] The embodiment of Figure 9 provides similar photo sensitivity to that ofa
250  photo multiplier tube (PMT). It can sense small changes in very low light levels, and
requires no mechanical stepping mechanism to read 96 sample vials containing
fluorescent material in less than one second. Amnother 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
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requires no mechani cal stepping mechanismto read 96 sanple vials
containing fluorescent material in Iess than one second. Another advantage
of this enbodinent is that each photo resistor occupies a space of only
about 9 mmby 9 mm which is only a fraction of anmount of space required
for a PMI.We@p06@pBiher advant age of this 255 enbodi meCT/ES200844629% uses | ow
vol tage, whereas a PMI typically requires voltages of 1000 volts or nore
[0521 Anot her advantage of the embodinent of Figure 9 is the ability to use
it in connection with monitoring of anplification using the polynerase
chain reaction (PCR), by nonitoring differences in fluorescence very early

in the PCR pracessial dydtemQus IMCRdR! it Qibees YiinG it tHehenbotlingt 68 Figur
. t PCGR
are often consi gergd tg beut he "zero" egasel i ne bec use{DLZ\]lA r owt h c%(r:ll)t?s
e 3
‘Nt

be successf whn yletdest positive DNAT sipplification bewpascydlg © 6 G T %0 20th

cycl e before DNA:anplifi Galion of B A SmpBidaRbl YGRS i Sl
BE 8¢l of Fewel
2006/ 07 11a%§%%y0%8§90c0nvent?ongﬁ sylétems dueotowr?o&e. It has
been found tchdes.t he enbodi ment of Figure 9 can detect positive DNA
arrpllflcatlcw et nC){&l a8} i Sceh ' '
"8 e Y lftstat ﬁ?ﬁﬁéﬁ &eeht o tof‘fQQﬁol%é"&nﬁ;Bﬁbéﬁﬁ{bhms, early

det ecti on of ation allows the use of fewer th
( _ er ng|
[ 053] Fi gur et &9highésuiivelattes DNk id dovblestented, andtifsdewest 1ﬁaelfwh?6rt}é%]8§>éfl S?bbe

which is at its highe | evel whe ' t: '

L 2 EE ok S, 050 DY BB Sl e p9ued e | oves:

tsL re aggg%&DN%t hér@asidgdilfiﬁﬁﬁﬂiobypdahe ae\vie eBdOofi ther earshling phasewi R Ahpeaks at
. . e anneal i ng ases.. During the .. t '

| umi nosi ty t4SAPBREPT PHE% WWS%%g,}pngiy &?‘%’g%g%balwe&;t%lgg% e%%d.'?s

g(r)]n\é\e/:a ﬁ eﬂi gﬁgﬂrqutig ci’fveﬁé@t)%kwgﬁgﬁ sAled THA | Thei lnmgiosiyy regirug a8l 1gealies eaches

_ vel as e successi.,ve anneal i oA

is produceckn ayef sl’lgiyéll%’ﬁ* at F}&/@c‘feﬁ?‘v%{ aHEFﬁ?ﬁ Itsﬁg %Séc?;%ai%fﬁ}%ﬁé rat égsm(r)? o

reaction of fhe 27 SH{%LI,? QEEITaBEWY fdri BdTmitRER/ipy af aks ratéénafinicedige dffthe he rate

of reactionin the P
275  biochemistry in the PCR process. Knowledge of the rate of reaction in the PCR

process is very useful in prediction and optimization of the process.
[054] More complex observations are also possible. For example, logarithmic
curves of declining photo luminescence occurs during the denaturation portion of a
PCR cycle. Reciprocally, a logarithmically increasing fluorescence is detected as the
280  annealing takes place.
[055] The sensitivity of the present invention may not be fully useful with
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,”
285 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
290  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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process is very useful in prediction and optim zati

More conpl ex observations are also possiblg. For exggpfg trggg;?fﬁifé L054)
curves of declining photo |'um nescence occurs during the denat uration
Fortlon of a2 PCR cycle. Reciprocally, a logarithm cally increasing

| uor escer®¥@20%/0¢8tlect ed as the 280 annealing takes pPIACS20008393 The
sensitivity of the present invention may not be fully usefﬁl wth
traditional thernocyclers used in the practice of PCR but the present
invention is particularly useful in conbination with the novel
t hernocycl ers di sclosed in copending patent application nunber 10/991, 746

entitled " ' J " Db .
CONMDN _assi g(%lgg \Tmh?%gl h188trates 3R fendifigh WiknN@Vpiphiicatibd, tak2e place. did havi ng a

( > present _application, [ ' ' '

IOP cor por at eslopepfihn peaksils gves ﬁ?ﬁcﬁwpg%@g“ﬁég%ég‘g&g’g m%{)fﬁuleo E?%;S‘éan'}] ﬁh:egn times

35 secos, VR ot ey T o obl Lt oratg of
. , . ] imes tend to obl.it t

di stort thecmhmeﬂwqﬂmtﬂmnesanﬁﬁpOﬁéﬁm%ﬁwmégampgﬁ-T@&Q%ﬁ%ﬁ?qlfpg%gﬁ|ngr

bet ween phas eﬁ*h é%?f{)@@%é’gg ?eg?‘gcg&t@ﬁ&?ué@g ?{Iﬁgﬁlﬁ@ ko/a btRon@Rbircélof @vitatimonds.

- to
&ﬁnVﬁnplonal. _ SO fromsignificant thermal noise
ich is redigpedrienthichacdnh aminasityldeeay wiich kseobserredoindhiy AR eHcEAes ’

appl ication. 11 WO 2006/ 073811 PCT/.UUS2005/ : '
i | | ustrat es IPCRPISELNG; 1R FL° e‘ﬂjl 8?7151 |&$e| %alg ?f%%@%gkie)géﬁllrfge%ﬁgéﬂog ope of

L0e Dealih | Sefek dasoRsditesadiduncimtunt e g B e Pl os
! . on, i
g;‘gg;‘ pg t GCMQ’ﬁgvﬂyo thgoug ﬁ%@%@’&%ﬁq © ‘F"rcé?é%‘gé g‘%“?’aggczﬁ’neﬂ Fﬁg‘g‘ty%*‘%d%f‘%ﬁive%ﬁhe”
I . . - -
to a strong tisi% R Cgés‘gt?%f fheOsaiplerfeater BaRtbinereass of bmuinasity ceverciald ot exposur e

whi ch is obshe vt (RS FHAVEHE ialnéYgEté 4 aﬁo:V‘éf’%h%%%‘??%F e
T T0S1 i 4898585y (PO T ptar oS3 spves. At cen o
305 that, the binary nature of the DNA grogvth ove?v[f]hehtr:lso thg rﬂ(l)lx%tepcer?tf sig%'e\llloﬁecay.
[057] Fig 12 compares the use of transparent thermoplastic vials and black
opaque vials. The background signal of conventional clear sample vials can be almost
totally eliminated by using a black opaque vial. When the background fluorescence is
held to a minimum, the electro-optical signal can be more highly amplified as the
310  signal-to-noise ratio is improved. Ultra-low fluorescent vials are very helpful 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 usefu] 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
electronic 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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During cycle one through cycle three the decay of the fluorescent signal
may decrease the lumnosity of the sanple greater than the increase of

| um nosity associated with the growh in DNA However in cycles 4 and
above, the increase in lumnosity associated with the growth in DNA w ||
push the WE2I60738¢i nosity upward. After 305 that, tHRECTHISAPP4638X ure of
the DNA growth overwhel ns the fluorescent signal decay. [0571 Fig 12
conpares the use of transparent thernoplastic vials and bl ack opaque
vial s. The background signal of conventional clear sanple vials can be
alnost totally elimnated by using a black opaque vial. Wen the

backgr ound TAIRUESEENERe inFentiVe sfhtdnPisAuith BoripHE addvarieal rozgedto sake Si gnal
can be nore highly anplified as the 310 signal-to-noise ratio, is .ipnproved.
U tra-| ow flitipieetisebent oply4n sebaraory apnlicaionp b alsorin periablr sypegf Wiend

appl i catj.on e etection of |low | evel fluorescent changes. 10581
Low | evé%s flsfalf)]r%gg{l:gfr??gggt ection is useful when qualitative PCR detection
of potenti al0§0]har nFhe prissent inyertion megehe smpedied ipeotBerrwpeifig dormpruithowbunt  of
time requir . | St..cal :artal CHl ! nearly
an hour or raPEul SSRE SR e e o
systens to b beicontidsedin dlesspecistvply assilngrativecandrnot eestrictivé: e hhe stepp 9f

conmbi nation wth the rapid fher.nocyc i i [

appl i cat i on B ol o6 hephe? REE! BY o SPRhLGE Halh L AREPRINE a1y
useful amd rpigdinkldissripsiomntAll olengesaivhickadme veiftst ¢ meznieh el vhge @ddi ng
every well of a 96 Wetjﬁ{5 @I ate inbj u% ac{]e@(g ﬁ%O SQ1' Iel i seconds, without any
movi ng par t sSAUBRIPNGY HHBUT A D008 SRR EhY SR 5F S&TRSet r oni ¢ di st ur bance.
The system provi des an outstanding signal to noise ratio, which permts it
to be used to differentiate between very low level differences in 12 WO
2006/ 073811 PCT/ US2005/ 046203 fluorescence. The inventive systemis quite
conpact and sufficiently rugged to make it practical not only in

| aborat ory applications but also in portable equipnent intended 325 for
use in the field. '
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[ 0601 The present invention may be enbodied in other specific fornms w thout
departing fromits spirit or essential characteristics. The descri bed
enbodi ments are to be considered in all respects only as illustrative and
not restrictive. The scope of the invention is, therefore, indicated by
t he appended clains rather than by the 330 foregoing description. Al
changes which cone within the neaning and range of equival ency of the
clains are to be enbraced within tggk@w§cope. 13 CLAIM5 What is clained
sce

is: 1. A systemfor detecting fluo nce, conprising: a sanple holder for
holding a plurality of sanples, at |east some of which nmay contain a
fluorescent mitlerisalajmalipl urality of excitation sources, one for each of
the plurality of sanples, capable of exciting the fluorescent material; a
plurality of photo receivers, one for each of the plurality of sanples,
capabl e of dét&ecysiamyiof Helenting Bemescawe,soinpmging r om t he fl uorescent nateri al

when it is exgi Y 1 SSi f e f i urality
of photo rece:‘;lvstén(r?1 l;e rg)gdce q%ra}?déange%%sﬁgggi%tgas%%%ggéé ?t{aftt%%gb(gi %%ngghi oned
per pendi centan aflgotedventanatesiabf recepti on of the photo receiver with which it
is associated, with no further optical elenments between the associ ated

phot 0 recei ver phmality heexgiiaivoiseuresd. wwrfpl each ainthe pluradisyl ofrpamples Icapablsrofhol di ng
each excie%%tth{ e BOVEES: BRLigach photo receiver in association with the
sanpl e ho erg, so that operation of each excitation source will excite any

of said fluoregsggmiy TabLES McelbdNdde hhEick QF l&lﬁsagaﬂgfrag SR @aRBd dre

detected by the correspondi ng photo receiver. The systemof claim]l,
wher ei n detediing fepreseentemissiony Eem dedluessocispnsedl veenghisexsitegecei ver are of fset
off axis so as to fit in close proximty to one another while defining a
ray trace fr@mesdsiondandpasssidisr du qagh phihe phnplite ohpbotp aerivers. ¢agh said

cor r espoRglistign erpﬁ)ss rfﬁglel;eYr%rpositioned perpendicular to the axis of reception of the photo

receiver with which it is associated, with no further optical elements between the associated

photo receiver and the associated sample;

an optical manifold for holding each excitation source and each photo receiver in
association with the sample holder, so that operation of each excitation source will excite any
of said fluorescent material within the corresponding sample and be detected by the

corresponding 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 the corresponding photo receiver.

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

receiver are offset 7 degrees off axis.

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.
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3. The systemof claim 1, wherein each excitation source and correspondi ng
photo receiver are offset 7 degrees off axis. 4. The systemof claiml,
further conprising an anplifier associated with each of the

phot o-receivers. 5. The systemof claim4, wherein each of the anplifiers
are provided with an adjustable gain control. 14 6. The systemof claim1,
wherein the illum nation of the excitation source is proportional to the

vol tage appl ey LIENSENCETRAS) 1R GKRLLARLE NOliAGR COntgoL for each

of the plurality excitation sour wherein
each of Ipm@oplhmﬂ (03] the(veltage a;sphc@ rapd ﬁsteerammaria'hgmmeble veltage vantrol Br ciFhe s ystem
of cIa|n1 rther i a controller for passing data sequentially
fromthe %hﬁPéTﬂ ff?‘m{gﬁ&iou%gcelvers to a recording device. 9. The system
of claiml1, mhereln the sanpl e holder is configured to receive a plurality

of sanple vial ST stelye? fweﬂ%n @al ﬁb%&ﬁh&@@?&"c&}/&s Mft%r@ AVQlaQ&ll der

contains a pIura g sanple e syst em of

cl ai m 1, reshiveei n the photo receivers conprise a high inpedance cadm um
sul fide photo resistor, and further conprising a high i npedance droppi ng
resistor for developnent of an electrical signal. 12. The systemof claim

11, further cnphdsybte ohclpim , Sprthengoaprisipg a fs@ﬁroaerrfmﬁw daga) sequeptiphlyc r adi o

frequenc )frohﬂh@ﬁlﬁx%[@rb@‘Bhotén?éceléerﬁb%tré‘d&cfn% dedgtecting fluorescence,
conprising: a sanple der for holding a plurality of sanples; a

plurality of ex0|tat|on spurces, one for each of the plurality of sanples;
a plurality ofy phot@idneeeicheh 9, whBRinf Gk seapb 1fdet Recdkipurad td Yecaile ganpl es;

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 emission bandpass filter for each of the plurality of photo receivers, each said
emission bandpass filter being positioned perpendicular to the axis of reception of the photo
receiver with which it is associated, with no further optical elements between the associated

photo receiver and the associated sample;

an optical manifold;
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an em ssion bandpass filter for each of the plurality of photo receivers,
each said em ssion bandpass filter being positioned perpendicular to the
axis of reception of the photo receiver with which it is associated, with
no further optical elements between the associated photo receiver and the
associ ated sanple; an optical manifold; 15 the optical manifold being
configured for holding either the plurality of excitation sources or the
plurality, of . . i i . at |. i . 210) er, and the
Sampi e haaerCl i8S Sai 35 30Rh A Sl of MR SN ARG T O
exci t ati dire Jaalitye$ pboto rdveivegb i abaciajion @ith piechmpledollen endthe sonplh heldgper at i on
of each i i 1 i .Of g f e erial

w thin t ek sAraR 65l bp oREE B A o B o R R L ot o
r ecei ver .of photoTieeeigys tsenthaf opkatiom of Iachnheitetion sdueceopilli ealte maniof ohid hol ds
the plura]i f if.at i n r . 1 he

ol ar o1 1 ¢ qufeesfpa @ ot 88 SRUbERRe b dF BETR Lo ) HE oot

opti cal mwhetbfekidethol ds the plurality of photo receivers and the sanple

hol der holds the plurality excitation sources. 16. The system of claim 13,
further conprising an anplifier associated with each of the

phot o- r ecei verld. The sysiire of goine 3. oWhartiaiths o@icalnmeritold helde theafluehte efnpl i fiers
are provi M j [ stem of claim 13,
wherein teﬂ‘gg}‘w %}E{cﬁ%ﬁdgﬁé Sg?‘blt%Egﬁg%%?dtgg%ﬁ%%glg%afr%‘gmi%Jgglglr%gporti onal to the
vol tage applied, and further conprising a variable voltage control for each
of the plural ijsyrifsy§%fiof @hihPIB, SBLER]Se oplifal mbERRo18 KSIHEM: Bfura@ikﬁéfgah&%, wher ei n
each of the photo réeceivers conprise an aval anche receiver.” 20. The system
of cl ai mracgiversand the pangbepaldes holds the plyrliboxFiation urcsassi ng data sequential ly
fromthe plurality of photo receivers to a recordi ng devi ce.

16. The system of claim 13, further comprising an amplifier associated with each of

the photo-receivers.

17. The system of claim 16, wherein each of the amplifiers are provided with an

adjustable gain control.

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 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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16 21. The system of claim 13, wherein the sanple holder is configured to
receive a plurality of sanple vials. 22. The systemof claim 13, wherein
t he sanpl e holder contains a plurality of dinples for holding sanple. 23.
The system of claim 13, wherein the photo receivers conprise a high

i npedance cadm um sul fide photo resistor, and further conprising a high

i npedance dropping resistor for devel opnent of an electrical signal. 24.

The system of ,¢claim.13. further, ¢ ri.s] i,h1e g@gg' danpeni n
electronic r a(%i(fb T cs]tﬁtennocf;d?lrﬁlt e?’f‘ ngglﬁlctg% Q%?% &m%éfsf{ g?n or hgée)%eec%‘%lé ﬁlg w ’
f | uor escehedity cfoapplesiatey: a sanple holder for holding a plurality of
sanples; a plurality of excitation sources, one for each of the plurality
of sanples; a plurality of photo receivers, one for each of the plurality
of sanpl es; anr2eHiessitgnoberitpdswhdr¢in thesarhnle hades lsofing hduplityrodHimpjesof phot o
receiverqmﬂgﬁﬁnuﬁg'g' em ssion bandpass filter being positioned

perpendi cular to the axis of reception of the photo receiver with which it
is associated, with no further optical elenents between the associ ated

photo recei vensafgl 4HemassRm & SheRBIMRE Bhotd REei VA RINGriNOh d8H ilRpidatke

configured for holding said plurality of excitation sources and plurality
of phot o cpdseismasisle pHotp Hesstaspadafiiten comprisingp igh irredansh EPRINEESSHY excit e

any of gl fydibhneSCaRlecRIIShA! W thin the corresponding sanple and be
detected by the correspondi ng photo receiver. 26. The system of claim 25,

wherein the photo receivers conprise a high inpedance cadm um sulfide

photo resistong @Rdsfstint BECIamOTBY fufthdLompRiigd al R daReRordoP RPthftaingesi st or
for devel opment of an electrical signal. 27. The system of claln1%5,

further ClRpMISEAG figaysnry Bierfespeci t or for danpening el ectronic radio
frequency interference.

25. 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 emission bandpass filter for each of the plurality of photo receivers, each said
emission bandpass filter being positioned perpendicular to the axis of reception of the photo
receiver with which it is associated, with no further optical elements between the associated

photo receiver and the associated sample;

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 of
said 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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17 28. A nethod for detecting fluorescence in a plurality of sanples,
conprising: providing a plurality of sanples including fluorescent
material; providing an excitation source for each of the plurality of
sanples for exciting said fluorescent material; providing a photo receiver
for each of the plurality of sanples for detecting fluorescent em ssions
fromsaid fluorescent material when it is excited; providing an em ssion

bandpass filt th o heceivers each said
o st on bandpiss TEFEER Beshg Pyt R ar Bar B R PP e e i s of
reception of tphﬁudnpgkmlﬂrahteoésamtesmctukiln\gmucﬂasaeht magermsoci ated, with no
further optical elenments between the associated photo receiver and the
associ at ed salppjvﬁﬁng actxiciraioh noureafoh eak of tlat planlits @f samlesafodexcitimgseidi ng t he
out put of, each receiver. 29. A systemfor detecting fluorescence as

ph
defi ned angcﬁmn1 erlz’%urther conprising an excitation bandpass filter for

each of the pl}g ﬁ{r}g{)n oto CIR/ tko? aét(xj%lf tﬁ%éﬂ % o% 91 %chlort %Ete&rﬂlghgandpass

filter being perpen i Cul ar to Rissron 6

excit at i dmosggntemissiong fromisaid Augrescerg mass:@lov}&tleids ewt¢d;1 no further optical
el ements between the associated excitation source and the associ at ed
sanpl e. 30. Apsysﬁmnfeoﬁssweﬁ)mm@ltm foorels efghcrlurakty déphiotededivers bahm 1,

wherei n eagh, &XGh hal é! ﬁléPH{lﬁggﬂ&%néd Ig&gén&gasm' tHQaBPBF c dﬁ&?'oi" ,: and the

axis of correspondi excit I'ts asso excltation
bandpass phétp tregeivies wathf‘sle«th ftrigassotietedixvith oé ferther omqabslpmnm hefwpérothe

receiver %gga <ﬁ§§§%ﬁe %ﬁﬁhgg%&iﬁgﬂmggggpass filter by 180 degrees. 18 31.

A system ctln uorescence as défined in claim?29, wherein each

excitation SOQEﬁﬁnﬂfém@m&ﬂ&kﬁ§&ﬂagh%9 photo receiver, and the axis of

correspondi ng exci tation source a its associated excitation bandpass

filter is offg&%mﬁﬁggk utfle QLMBQ%mggrrespondlng photo receiver and its
an

associ at ed em ssion ass Iter y 180 degrees

29. A system for detecting fluorescence as defined in claim 1, further comprising an
excitation bandpass filter for each of the plurality of excitation sources, each said excitation
bandpass filter being positioned perpendicular to the axis of emission of the excitation source
with which it is associated, with no further optical elements between the associated excitation

source and the associated sample.

30. A system for detecting fluorescence as defined in claim 1, wherein each excitation
source has a corresponding photo receiver, and the axis of corresponding excitation source
and its associated excitation bandpass filter is offset from the axis of the corresponding photo

receiver and its associated emission bandpass filter by 180 degrees.
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32. A systemfor detecting fluorescence as defined in claim 13, further
conprising an excitation bandpass filter for each of the plurality of
excitation sources, each said excitation bandpass filter being positioned
perpendi cular to the axis of em ssion of the excitation source wth which
it is associated, with no further optical elenents between the associ ated
excitation source and the associated sanple. 33. A systemfor detecting

{1 uorescence a3 Aol g SRR Seo Lt RERerOIY | BGSALBHCLIA! | on

bandpass filter for eac exci on~ sour ces, each said
exci t at i ercitabamebpas basfd dotrespownglglopnscmveumeaﬂthp@xlpeﬁdnmmoadmg excttétonaxi s of

em ssi on Cl th no
further 3% r?ecﬂ? ug)fgses?r%%% lt fv%g%%nqp efl(isltgr lwgflfsaepﬁggéﬂf@xg%f [ ong&e%gl?rd }gfg and the
associ at etots aavpiver.an@s aséoqmdkﬁndssfomrbant&:a@d'ﬂtmrlg BDdegrescence as defined in
claim28, further conmprising the step of providing an excitation bandpass
filter for each of the plurality of excitation sources, each said

excitation baddpasgtdn for detedsiai Ayorpwsice nodridediarciendd.cuttizer coroprising aaxi s of
en ssi on eQ&taE%fb st ﬁftér%’r &9}5’ bffe %ﬁﬁt%@ﬂ &thn&é sSur@s SRG] Pt no

further optic erren S between e assocl ated excitation source and the
associ at éandpagspilier bejrg positioned perpendicular to the axis of emission of the excitation source

with which it is associated, with no further optical elements between the associated excitation

source and the associated sample.

33. A system for detecting fluorescence as defined in claim 25, further comprising an
excitation bandpass filter for each of the plurality of excitation sources, each said excitation
bandpass filter being positioned perpendicular to the axis of emission of the excitation source
with which it is associated, with no further optical elements between the associated excitation

source and the associated sample.

34. A method for detecting fluorescence as defined in claim 28, further comprising
the step of providing an excitation bandpass filter for each of the plurality of excitation
sources, each said excitation bandpass filter being positioned perpendicular to the axis of
emission of the excitation source with which it is associated, with no further optical elements

between the associated excitation source and the associated sample.
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