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APPARATUS AND METHOD FOR ANALYSI NG A FLUORESCENT
SAMPLE DI SPOCSED ON A SUBSTRATE Reference to Rel at ed

wao\RpBiogAaPY on Reference is made to US provi si onBCT/REL008/D00042

appl i cati on nunber 60/899,657 filed 6 February 2007
for an invention titled: Elimnation of Background
Fl uorescent Noi se Using Interference Cancell ation
Techni que, the contents of which are hereby

APPATROTBS AND MESTHOD FOR ANAL YSING AFAUORESCENT SAMPLE
their entirety, and the priority of which is hereby

cl ai med. Techni calDISPOSERQN i STBATR:| ates to an

apparatus and a nethod for analysing a fluorescent
sanpl e di sposed on a substrate. Background Medica

Idéféﬁiih_@étd Re'“ﬁ““ Appu@imml IbyI use cl assi cal biochem cal
techni ques that 1 nvolve bul ky and expensjve i t
Referenessis spade to H§rn§98ﬁa@fl?lﬁat6@g§m&ﬁﬁ%%¥%‘?% &9&% éﬁﬂeﬂ 6
I%ﬁ?%arng ?@(g %)g E};L{vﬁtﬁ%@ﬂ%ﬁ E,g?mgeﬁ%)fn&ﬁ :,ﬁr%_eggggﬂrlcﬂﬂ'ugrescem Noise
@ing Im¢fgemplGantSGtian detiu@yye, dreccopteatst ofopitich aeibereby

i%%%ggt%a%ggg/_ rg ?Fgllgg g% %ggﬁgg{sy E":{gﬁ’;‘-ﬁ Eﬁegq ed %%g’ts‘:{l‘%})?( priority of

whitE K hev@yeiandqef ficiently. However, the tools are
expensi ve“and require costly consunabl es, sanple

t hroughput, and experienced and skill ed operators.

hese awbacks hinder rapid, inexpensive, and in-situ
j%éi&ﬁ@ﬁﬁgmgf heal th-care. Such methods often require
TR GtRioa RElated RO Gparadiscddssasthod Reraahlgsiag bifhecstanlsample
are nostly used as confirmatory tools for the

disnosehpr p GebsHaisi ti ve sanples that are initially
screened by sone kinds of assay techniques.
Quantitative i munoassay techni ques pose simlar
Buckgrewssd The perfornance of

Medical diagnostic tools typically use classical biochemical techniques that involve
bulky and expensive equipment such as spectrophotometry, gas chromatography (GC),
mass spectrometry (MS), high-performance liquid chromatography (HPLC), paper and
thin-layer chromatography (PC and TLC), and electrophoretic techniques coupled with
fluorescence detection techniques. These standard analytical tools work effectively and
efficiently. However, the tools are expensive and require costly consumables, sample
throughput, and experienced and skilled operators. These drawbacks hinder rapid,
inexpensive, and in-situ diagnosis of health-care. Such methods often require tedious
and laborious processes. Therefore these tools are mostly used as confirmatory tools for
the presumptive positive samples that are initially screened by some kinds of assay

techniques.

Quantitative immunoassay techniques pose similar problems. The performance of
quantitative immunoassay analysis is largely restricted to centralised laboratories
because of the need for long assay times, and for relatively complex, bulky and
expensive equipment, as well as highly-trained operators. Thus the analysis is

performed far from the patients whose samples are measured. If a wider range of
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quantitative i nmunoassay analysis is largely

restricted to centralised | aboratories because of the
wme®@d/ o919 | ong assay tines, and for rel ativel yPCDSGL00%/000042

bul ky and expensi ve equi pnent, as well as

hi ghl y-trai ned operators. Thus the analysis is

perfornmed far fromthe patiepts whose sanples are

nmeasured. |If a w der range ofi mMmunoassays could be run
inhifufh SR L6l1d R M Bl sifiplé fhibErh Qtse ¥ elﬁbﬁ%l?hnd f@he point of

pornt of care or 1n home health care, the health of .
cdrangin hombaestotarpahé bealdh ofdates venherpeinasigntsrmoyld pg/improved

Optj.cal biosensors are one of the major types of
aigiUgs¥nsors to have been exploited for inmunoassay

applications due to the advantages they can offer,

such as inproved sensitivity, sinplicity and_ i nmrunit,
Opticad biasensonneyaone of thaveaior{ypes ffhipreators K%Wetbfiﬁ%%’%?%ed for

.optical t ni [ '
B! SRUCk RS Spletind ARL: URGcan BifeD L RAERANRROved
sdoBRIvIPsdimpligity sndientmirityad etborotagtdtiei wavieiigfierferences. Many types

sensitivity, versatility, curacy .and fairl od
oS sty sty LG RSP B, RBconce-
b%ﬁ%h SaRbE 40 ?ex‘ﬂlﬁg @k H{dsﬂﬁgh@rﬂevgﬁﬁe&éﬁé ®theif BlghSenditivity,
Is area IS to neasure/detect fluorescently-1abelle
vasaility gscinsy del fairty goadfselectvity. cHaaressensy meghads aFfplghvery

itation |ight . i nsi
stipleoRh anpitoraikionc o SErengoeen ot T uBa kB iesedetect
f186reb a5 AR HRAINGSs PsRRta fcraftipic ekalmehbp focusingranrescitation

and optical filters. As a result, a f| uqres%iﬁce
lightgpoaicefontma saneplerinsidsfa micapchanng and geldeching theuqrescrpee
detect | el ¥ Bl PRk, BHd B Bied. Asa
ewsﬁlé)ﬁjeogg@eni%l%r%lﬂ%%é X%‘ﬁg)ff i)%glrese(g%rgsﬁ%e r esﬁonsg fromthe
re30R) yfleorefcehdd @ges fronsthe hiiervfluatih substwetekmajuenterghe Hetection
| ow anal yte concentrati on. a _consequence

SYSET BB HERIOoTioBE RPN LI IERG PR SPe fijgrescence
r%pgr?nstetrfﬁdgﬁ gﬁ%ﬁé@% iRRsest ROHMARLEE: WEMONRSS SRS voARNAL

Interest. For early detection of
coicepastim. As onenskgrencs fiverscence onise slue tathadiporgseqpcgof the

the early stages of any.di seases.. Presen .
Aok e Dl AR ao R R ey P
e%@?hé&&i&lm&hge@,t biOMaféPLSitentr&ione ard Alwdes et atahe edrly stages

I'seases. .
of any diseases. Present point-of-care systems have limits in detecting low analyte

concentration typical for early detection of diseases.

Two approaches commonly used to mitigate the effects of this are:

1) Incorporation of a confocal fluorescence microscope which can block the signals
not from thin layer within which the sample resides. This technique works reasonably

well, but it requires bulky, expensive and complicated optics.

2) A material with no or low fluorescence properties is selected as the substrate

material. Optical grade glass and silica are commonly used for this purpose, since these
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Two approaches comonly used to mitigate the effects
of this are: 1) Incorporation of a confoca
w0 bawsgEeENCe ni croscope which can bl ock the sPQHaGE08/000042

not fromthin ayer within which the sanpl e resides.
Thi s techni que works reasonably well, but it requires
bul ky, expensive and conplicaed optics. 2) A materi al
with no or low fluorescence properties is selected as
hdt&riady pate %\9 ARG RIOrScendePih&R thdr afdeeiRa ShyrMdhs withea visible
are commonly used for this purpose, since
wa’vebag@SerHaWQtiia‘ﬁ@Sq: cmtmnlsafarm oelativedy @&ponsive ek fahsication of
exci b t Vi | n S ver

ik ata ey uthd e gty SRR, it or R photomask

gfeﬁéi‘hh@rﬁtph@t@hﬂfogfﬂphy Qﬁdl dichling pedtBdes) 8\susiongequbseethe microfluidic
materials requires_ tine-consum_ng photonmask

chimpds irom opaﬁ%tgéaqeta%%ﬁg PaHHG Wil %% FOHTRY PP6RUESes. As

a consequence, the mcrofluidic chip made from optica

grade glass or silica will be relatively expensive.

Caditiatta irexpersiype neierialsmadmsideadds as dredigl suidablagobesaigis substrate

SUI ; blraﬁ%grg)isanﬁgqag?sq z{lljaggrtlaggf:ﬁc gse rpioiiylrgetl%gl-emethacrylate (PMMA),
p% cﬁfﬂ%ﬁ@%lanm acr il AldgidnPMMblufRd NEARSIONSIE pdRfneric materials

lar. In addition, m crofluidic channels usrn
ol lwrmaslly ehrinated] by clanulldelgembqssmab CREHgedr mplation processes.

@Wﬂ ?ggas?glgeq gfsl’%]iéolg giclﬁlapﬂgl er s tgglra% e %g%?a%é%in less than

aneiur fudligl £ aired-virite| 1828 syhian. Bl@vd&%tf thise ﬁ@taﬂals exhibit relatively
direct-wite | aser system However, these nateria

hagthi asteflyostsaencge SEnAS g Fhisht &1 | ek cBladeic dhelr giss ?fmﬁw hanalyte
cge%etnﬁraﬁoﬁ'cﬁ%%ﬁoﬁ h?hé 1%&31%7? 5]; |- ARE] 4t ﬁacggﬂﬁlﬁﬁt srlgﬂ j| %om the

ectron | uor escence ckgrou
plgnaic mhaenialsven ;beltynmrcﬂars ohtraphialde lighertibart floorosaecessignal of

of pagnj tude hlg er..than f| resc ce.signal of sample . ...
sainelf by b Qi Fnepi aee, gion Of § pp BB hisfofuidic
Cﬁﬁg?g%an rﬁ f&:ﬁﬁl&lﬁé Lthﬁ' Carf hﬂe&bl{/@ O @BinAndt®CIABI QM6-fluorescence

esol ve and elimnate the auto-fluorescence
Haakdegumbimelsenefi poéyrodriqomhtgrialsi ¢ materials. A background
di scussion of this technol ogy reveals that when a
fluorescent material is excited by a short pulse from

RBadReebdrAl difssibs BF (O tchfolog vk @lidt aVvhewid fluorescent material is
e];(LllileOdr }?}? geshlorrg pulse from an excitation light source, the material will fluoresce in
such a way that its intensity decays exponentially with time. The time for the
fluorescent intensity of the material to decay to 1/e of the initial intensity at t=0 is called
the fluorescent lifetime of the material. In general, due to the chemical composition of
the materials, different materials will fluoresce with different lifetimes. In the
frequency domain, when the material is excited by a sinusoidally modulated light
source, a sinusoidal fluorescence signal will be generated with a frequency that is
identical to the frequency of the excitation light source but with its phase shifted with
respect to the excitation light. Hence if two fluorescent materials are excited using a

sinusoidal light source, two signals will be detected, the phases of which will vary

depending on their respective fluorescent lifetimes.
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such a way that its intensity decays exponentially
wth time. The tinme for the fluorescent intensity of
wao b@sietier i al to decay to 1/e of the initial |iPCESGRN000042

at t=0 is called the fluorescent lifetine of the

material. In general, due to the chem cal conposition

of the materials, different nmaterials wll fluoresce

with different lifetines. In the frequency donain,
WhENT egr‘ﬂ?}h i ' ht afsi i@tk oM the surface of the
rmdu}léal?c’e i g}%tﬁédgﬁgg&gfgagﬁﬁgi g’%i’i‘ ri?JI%Sjor escence

fbfRadntil labelled i atsedd thethiceoffuidiauasnel tthale dfSpolymers, two
identical to the frequency of the excitation |ight | X
set o signglst orviignal icp@ppm%%a@rﬂfﬁ@l@admswmr@sﬁgéfc'theteé%t%@n signal

[ : [ :

1 el B, o B orE T Sl oS SENL) B fldhdicknce signal
compoads svnitled by didt elabelibd thalytehaf dateodst vamidc 2)wille] fluorescence

b\pllgl;%@g ¥ qufiﬁggn lca{:pg’grin;r,m ireesgqeigmg:ﬁuhgtga&gf@leegé two sets of signals
i hifitinB g deut i al,
w;lpedzh%@ Nhe/ S%Tf,mﬂ’gggﬁ“?g GedB8cyosy thBSnSHEdtaght Qbu I yut in gener:

uor escen d sanpl'e inside the mcrofluidic
wilarenat diffectat phassodndnampljtudevwitherespest teithmimicident oscillating light

si gnal, ca nent s.are pr ced.. assum .ng f.hat ‘s
sEPT bR LI GAR EEE F ANRFo R AR Ll sy 100 of
15 GALiSA419 MR AEMicStoah@diffblernch én fhe WbffasseMatessegRdlfetimes of the

conmponent emtted by the | abelled anal yte of interest

twadpolenersheAs theornadite of dnisersk freghiisedwgthin a microfluidic channel
' 0 e ] d.by. S : :
AP0 B0 VL 5 MRS o The o W, s
ﬁdaﬁétuﬁ?ﬁeﬂ 183 i¢ Béndtaray ?r(&) + Agdih(aw o, peberbut=2f, . The stronger
general, wll be at di ferent phase and anplitude with
sighap @04 id thetumsvantec dgmtl, msitirbprasdnisgthiei fipiressennecmckgoingd noise
isiIIustratedi,n,Fi(%ure1i||ustratingé&: ) .
fiwn tthegysubisfrate- Rhis d& tdeppiet jas 3., A0 Ao Pt Pho SinGhafsgeneral, the

nd is due to the difference_ in the different .
OIFSFRSE eFiews ifFomR | e 2P R 1higee o?rfgsin&res Slbsgatey pave  different
fﬁl{(}%s}é&ﬁe QEfeﬁ@E@,ftﬁéﬂe AR bi bhe38 ittt bétwdbe ' P Whdl) Gr). The
channel may be 'very low in” concentration, it Wll form
phB® wERl&ice Aff thbawonsighilg RAkS respbitstongiakitidsntgsighal 142 denoted
is denoted as ys (t) = As sn( t +fs) where w =2pf nod
as gEnd @ respagiielysi Givah thidAthie sleteon alvehet ket freresceaee signal of
it represents the fluorescence background noise from
interessy b9t isalesrly polleingtielenot ed as yn(t) =An sin(w
+fn) . Since, in general, the
Commonly-assigned International Patent Publication No. W02007/040459 discloses
several techniques in this field. In at least one of these techniques, an output signal

from the system which represents the wanted sample fluorescence signal is given by
—%S—sin(Am where A, is the amplitude of the signal and A¢ is the phase difference

between the phase of the wanted sample fluorescence signal and the phase of the
unwanted substrate fluorescence signal. An example of this technique is illustrated in
circuit 20 of the appended Figure 2, but a detailed description of the operation of circuit

20 is given in WO2007/040459.
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fluorescence signals fromthe anal yte of interest and
the substrate have different fluorescence lifetines,
wo b@seIase sts a phase difference between ys ( DCESE2008/000042
vn(t) . The phase difference of the two signals with
respect to the incident signal are denoted as fs and
fnrespectively. Gven this, the detection of the
weaker fl uorescence signal of interest ys (t) , is
The %gﬁélyde&fc plfot é@i&nﬂ%ﬁ%gﬁ@%@ glveh@s nat i onal
Pat ent Publicatioh hb W0O2007/ 040459 discl oses severa
techni ques in thiyg,fH &lsin(at  dar+ Aedier de) of these
t echni ques, an out put signal fromthe system which '
Toefiigseatis ddie signl,edotarmigealf § ((pret cos(awr 194, g rimpenesated, which
given by - sin(D) where As is the anplitude of the
issorgrogbna nol thafnoise signel ivasmenti 44, siog a@hbsst dedaseitdud.
phase of the wanted sanple fluorescence signal and the
phase of the unwanted substrate fluorescence signal.
hﬁﬂﬁ§§ﬁ@ﬁh&wq@og sls! Sfe¥btaiHe is illustrated in circuit
20 the appended Figure 2, but a detail ed
description of the operation of circuit 20 is given in
007/04 45@ The signal detected by t he phot odet ect or
'nmmfﬁgﬁ )2 is gi ven as ytot al As n(wt + fs ) +
AnS| (Ax fn) Aa elimnate the Adise signal
ano 1Q:(|¢’ﬁ1"¢,d+( ' nﬁ&“"‘cb@*(%éf%'?m(% eé®nat ed,
S orthogonal to the noise S|gnal conponent An,

n hase del ayAcarc . t hese t
o g(w%é%btaanﬁé%ﬁ@@mwﬁ P Aimipgd g foe rfarclpss filter

by the | ow pass filtér A . leaving s sin (fs - fn)

whi chaias a ,DC signal. that is dependent on .the
1%Vmgﬂfﬁlé|(én'c%)gswhlch ns agbff é&gal that 35 depepd tnﬁ‘i’n ffie phase
f

when - fn is 90. The phase dlfference i s dependent
on fluoresce lifeti bet ween nal j%s and
difference g, — ¢, . m:g" ——Zsin E(b -9, ?s maximum w en ¢s % s9

The phase difference is dependent on fluorescence lifetimes between the signal A; and
the noise A, as well as the modulation frequency of the excitation light source I. As an
example, for fluorescein and mylar, the fluorescent lifetime difference is 1ns and to
generate a 90° phase difference, the modulation frequency required for light source Lis
250 MHz. Such high frequencies can be achieved using laser diodes but not LEDs.

The dependence of the phase difference on the modulating frequency is not in direct
proportion. In general, it is not possible to obtain a 90° phase shift. Depending on the
samples, there will be a certain frequency at which the phase difference is a maximum.
That will be the optimal operating frequency for that system. The shorter the difference

in lifetimes, the higher is this frequency.

. . A
The DC output obtained by circuit 20 is ‘2A" .

Summary
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the noise An as well as the nodul ati on frequency of

the excitation |light source |I. As an exanple, for
w0 bawsgEe®ei n and nyl ar, the fluorescent |ifetiP@/SG2008/000042

difference is Ins and to generate a 90 phase

di fference, the nodul ation frequency required for

l'ight source | is 250 MHz. Séch high frequenci es can

be achi eved using | aser di odes but not LEDs. The
THERRRABAER RFindd' RO ﬁﬁ@péiﬂdéﬁt%lﬁﬁﬁe_seﬁleto?ﬁoﬂmwt@tes Bithe

requency is not in direct proportion. I'n general, it
iniventiat arpasfing i thodegenddnt CIMY phase shift. Depending

on the sanples, there will be a certain frequency at

whi ch the phase difference is a maxi num That wll be
ByRoRBing iRl appRefs formalysiaguknflyoreQent Saaiplsfispesed uptrea

Shorter the difference inlifetines, the Q{q’gher i'S )
sulstratefwisly & eprsyol cxct toriadyse 28 #tguxatigp SIgnALIT pljenuatipg the noise
20 is Sy r ' ' sgqdefined in the

Sﬁgﬁalecﬁgwggl% %ﬁ%lglrri@se%@%h}eeo%gl? S|%g'nal features of the

invention are defined in the dependent clains. By

provi di ng an apparatus for anal ysing theégj uor e

[ cent .
AsBfuspwigiysadydAupey be o8 €¥e1f\the phase Fﬁr«?@p%etween the first
circuit to produce an attenuatjqn signagl  f
(serieMuEd FsOPRATFio S UEEAY R UEB 5t B 205y o> an apparatus for
benefits are ' . ' . .
gLl BOGHER iR W Bt (L YL abRe Y oPfhe signal
e%}r[ @B@%ﬂ@%ﬁig@ diRRLnSE5ANded NI AfbISiighdladd kife BRREroLRS Signal is
t han . us, an apparatus for analysing the )
nbt WOV CETHis 3mpiitsethas thablightt swureec needr nothiee mgdulated at very high
anplitude, As_, of the _signal even when thcﬁ] hasfe f
frepensy s Peess B ERIYiTE e CugRni . the %}mlgﬂ e ngg requency for an
' 112N Qi iRy m8! thiBsg ! #dn Ehenple, th
B PAGHO B30 " (P el 48 LRt bl e
fluoagoen clifetimepdiéfesmmice ytor eg Ui ned .theCDhatSendllfgjé,reIlch ebetween the two

shigpseant ey e0oRpad SRS g o T RTAE PP Cispget siend

as an exanple, the fl uotigaent lifetime difference to

fRen IhdSircdin® @Tase b ce0.0814vethe etiivalenoof 30dB attenuation
fluorescent signals’is calculated to be A = 3.6. In

AC20TLR983v e SthRitta & ALY).  Additionally, a phase difference of

90° between the wanted and unwanted signals is needed to maximise the output signal
from WO02007/040459 which is half of the output signal given by an apparatus in
accordance with claim 1, which does not require such a phase difference. Using the 1ns
lifetime difference, the light source of WO02007/040459 has to be modulated at 250
MHz, a modulation frequency which can only be achieved using laser diodes.
Although it is still a viable technique, the overall cost of implementation is therefore
higher than the present technique which may recover the signal of interest even if the
phase difference is much less than 90°, thus allowing the less expensive LED to be

used.
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fromthe circuit is defined by - --- = 0.0314, the

equi val ent of 3QdB attenuation (for exanple, 7.9 nV
wouiopie7igonpared to 250 nV). Additionally, a pP@eeG2008/000042

di fference of 90 between the wanted and unwant ed

signals is needed to nmaxi m se the output signal from

WO2007/ 040459 which is half @f the output signal given

by an apparatus in accordance with claim1, which does

AF ?f,lclf faty %ﬁosﬁééh 18 1568 thelbtingil %EﬁtingﬁteQGeﬁdggJ?d/t (I’(!Sr ggeSrSte at a

etine ference, the light source of WOR0C(
frbqpentpidygonide ulphthediiffereB&0oiMIzr 23. Hoatefozs, itegie ismoaesd ég/have a
whi ch can only be achi eved using | aser diodes.
very g g edylatingsfrequensy-a vi abl e t echni que, the overal
cost of inplenentation is therefore higher than the
present techni que which nmay recover the signal of
Brief Pesriptioncof thé Drhwingsase di fference is nmuch | ess

han 90, thus allow n X S| :

The Gensnithens 8500 B o BB B SiihcRFence o he
f(gﬁ%gégﬁg,iﬁ SSAlvaéhy but to operate at a frequency to
provide a phase difference of 1 or 2. Therefare, there
Figurebisreegreph Blustagtingy ol @es tmegiryas o Lyica) d’aPFEg‘cﬁE fpyanted
Brief Descrjption of the Drawi ngs The invention wl|
S%B%cgglpag%nésf,i bed, by way of exanple only, and with
Figef€? @ncilotiodiaant ilukoatingg Idrosw cigsiitianchifecwie foFagaly¥ng a

i's a graph il]lustrating voltage-tinme curves of typica
fleneseeat saveple Araated @A YRS onponent s; Figure 2 is a

F u?(ﬁg i &!ﬂéﬁgq;& hiabSi] 8f 4 BbnfetkEH \8BnfEgur&titd of an apparatus for
Chitecture for nal ysihg a fluorescent sanple
anlilggins 2 fluores@ens sensple disposedioqua wbsirate. a schemati c

Fagre 4t Permg e nlsrEQing i bl Bl Pl D AR AR AR Ning o

FRERSLNRE BnplE UBPERd%Dni Ssudstedtock di agramillustrating an
architecture of an apparatus for analysin

Figugo f ésstlelack d@mil@s@%ﬁmit&r@u@g@gf(}% ;aasecond apparatus for
analysing a fluorescent sample disposed on a substrate;

Figure 6 is a graph illustrating the voltage-time curves of the wanted and unwanted
signal components for the circuit of Figure 5;

Figure 7 is a block diagram illustrating an architecture for a calibration circuit for the
circuit of Figure 5;

Figure 8 is a graph illustrating the voltage-time curves for signals of the calibration
circuit of Figure 7;

Figure 9 is a block diagram illustrating an architecture for a fluorescence noise
cancellation system using an additional two phase-locked loops and a quadrature phase
shifter;

Figure 10 is a block diagram illustrating an architecture for a calibration circuit for the
circuit of Figure 9;

Figure 11 is a block diagram illustrating an architecture for a fluorescence noise
cancellation system which uses an additional two alternative phase-locked loops and a

quadrature phase shifter
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Figure 5 is a block diagramillustrating a circuit
architecture for a second apparatus for analysing a
w0 bawsgaeent sanpl e di sposed on a substrate; FPQUs&2088/000042

is a graph illustrating the voltage-time curves of the
want ed and unwanted signal conmponents for the circuit
of Figure 5; Figure 7 is a bBock diagramillustrating

an architecture for a calibration circuit for the
F@E&}Q is aflodk AbE8mIlludtiabinE &n Srchftec@tud fopA calldratidd @fduftgor the
the voltage-tine curves for signals of the calibration
cig¢uicofiigart 181 gure 7; Figure 9 is a bl ock di agram

el BT i s o

26 e+ 1sackeck die %‘Bﬁl iB0siraging wadrahitactarepions ealsirafidrecircuit for the
|gure 10 is a block diagramillustrating an
capwhefifEeegrld; for a calibration circuit for the circuit
Furd! iﬁt&r eb18 k (ﬁh@t‘flﬁﬁllﬁ[é‘tﬁ tﬁlg LSt AiROnhEANR sk ncd doise
ure rescence noi se cancel l ation

cﬁryﬁnammtysuem usiestwarndditibingl ghasd-ldokdoepistaed naguadrature phase
phase-| ocked | oops and a quadrature phase

sWiffeft er Figure 12 is a bl ock diagramillustrating an

Fg%ucr‘@ & GG MB@k &9 Féra% 1‘H§£tkeﬁfn§tth %lglhtrdf hd cali®FatioR@irenit 6fithe
Fi gure fgure her alternative circuit

mominﬁmﬂuqrmcn@cem@efcamﬂewemstmwwh@ddnqog@lr@aqmlorﬂs logp;

Fb&%‘r? E? gj(u[s ﬁte% ?I}Oéﬂ'j T ait%%:ah}/%m?c&lt?l?@p tvxtlhggﬁ ﬁtro@ufeg b {xgodlﬁed

finbedEehcd Boiss canchill Aok s§bia@ramg dnl ddditioatl 1w zﬂtemdtﬂy phase-locked
of the nodified fluorescence noise cancellation system
lﬁgﬁﬁgdﬁﬂﬁwﬁaﬁmip@mﬁﬁlﬁﬁase | ock | oops and a quadrature
dditional
FE 5 P 5 B el 0 iy o aions
aItél@atlve phase locked loop ;

Figure 19 illustrates another circuit 1900 for a noise cancellation system using a
quadrature phase shifter;

Figure illustrates a calibration circuit 2000 which defines a modified fluorescence noise
cancellation system; and

Figure 21 illustrates an alternative circuit 2100 which defines another modified

fluorescence noise cancellation system.

Detailed Description of Preferred Embodiments

Referring to Figure 3, a geometric arrangement of an apparatus for analysing a
fluorescent sample disposed on a substrate is illustrated. The apparatus 300 comprises a
microfluidic card 302 with a fluorescent sample 304 disposed inside a microfluidic
channel on the microfluidic card substrate 302. A reader and noise elimination unit 306
is arranged to provide light via light source system 308 to excite the fluorescent sample
304. Detection system 301 receives light from the fluorescent sample 304 and
reflections/noise from microfluidic card substrate 302 for transmission to and

processing by reader and noise elimination unit 306.
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nodi fied fl uorescence noise cancellation systemwth

addi tional phase |lock |oop; Figure 17 illustrates
w@p@Bheroal ternative circuit 1700 whi ch provi dBGI/8G2008/000042

nodi fi ed fl uorescence noi se cancell ation system using

an additional two alternative phase-|ocked | oops and a

guadr ature phase shifter; Figure 18 is illustrates the

| ayout of another calibration circuit 1800 using an

Baadist RABkuRES &anatls ¥iseR bR Jcaeaske ngngrials, u@LusPMBMIA and
ilTustrates another circuit 1900 for a noise

Midar etel rletively sheapemdicen hg fabrigatd casilys Bolyrabenaigmptegials

Fiqure .illustra i. ' i ' '
o BB T AT st A0
c§1)fs$de@¢”t} a %gﬁi&ﬁkﬁﬁng I?;oxivé\}eu,Sthe fluesseancabidkgroami vé

circui whi ¢ efines_anoth dified
pelygebesate maieria is oRsiaLY th%gﬂafg‘%%‘ggﬁko;ﬁg?fﬁﬁi fsffpe fluorescence
i@&‘ft&'o@ %ﬂeoaﬂla e 6F Sflst GAmBBRRE MRk S dRefdtuididehdddel. The

'gure 3, a geonetric arrangement of an apparatus for

cainphot and ginaplé Fluoressnendetsatinpl systdinsiod Kigime 3, wilbpiek up aot

is jllustrated. . Th us 3 j . .
Oﬁ%ycé%}f?%ﬁl.bqe@.%&lgﬁl%n &E03 a&% ﬁf %%e'rﬁg 89%33212 %ftsg g)glﬁg}l%htfg}‘l_sswns
oAt 80k TRliHRaRdFp6H Sich s Hubreabendd BlonPmidrbRuidic substrate 302.

m prpfl ui dic card substrate 302. A reader and noi se
elimnation unit 306 is arranged to provide light via

. ght source. system 308 exci f
rhbo 0SB SPUARE ch0 AP A0S LRI sqwe 308
Bxhfplds Usre eRe@ Bt of S apfberiad® dvaribngef liedtding daseoi dieddsy diDs and
m crof | uidic card_substrate 302 for transmission to .
beardbprbbiglysreny The daurlensih o s kst SPHERAOP GRS (g such that it

c%g Fe})/(gﬁe? s q}ur&(r%%ltgteér Iﬁ‘ag)?ls %ttgé}éﬁnﬁ)l ?hebMQe.gnFor an example, if the

car bonate such as PMWA and Myl ar, are
fluetaphbieelapelcis fapraseing adight séube mgtht wavedength petween 450 nm and

SB35 arcA ik QP IR Pomert GIER SPcief Cafy e o singl

\&%@QEE red. BoOoLRHER YL, i1ARMor HNME \RIde. t HBwever, a laser source is
fl uorescence background of

usually relatively bulky and expensive. In addition, a laser and laser diode are only

available at certain wavelengths which may not be suitable for a broad range of different
types of fluorophores. If the light source 308 used is an LED which may cover not only
the excitation wavelength region, but also fluorescence wavelength region, a suitable
low-pass optical filter or band-pass optical filter (not shown), can be installed between
the LED 308 and the microfluidic card 302. The light beam, particularly from an LED
308, diverges, so that a focusing lens system may be provided to focus the light into the

sample 304 inside a microchannel.

The intensity of fluorescence emissions from the labeled analyte 302 and the substrate
304 is proportional to the intensity of light from the excitation light source 308.
However, if the intensity of the light source 308 is too high, it may cause quick
photodestruction or photobleaching of the fluorophore. The inventors have found that a
470 nm blue LED with 3460 mcd in intensity is a suitable light source to excite

fluorescein.
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pol ycarbonate materials is considerably high,
particularly conpared to the fluorescence intensity of
wo b@sayabyt e of interest inmobilised inside a PCT/SG2008/000042
m crofluidic channel. The conpact and sinple
fl uorescence detection system 300 of Figure 3, wll
pi ck up not only fluorescend® em ssion of anal yte of
i nterest 304, but also other |ight em ssions generated

TH hélﬁesohfc‘sl@@srl@tﬁéhu?ﬂéﬁ at SiGM BSqhdndrsasic e ehdre @msts a phase
mcrofluidic substrate 302. D ffeérent t¥ pes of |ij

differencebetvaen be fisadscence signad,afiintergspand | %}ln%%?% é101se signal.

Tffen@pg\ﬁx tﬁcg}) *rgi,gﬁ&g I | %c feve At C%BR :rilgg rdegé a"(‘%vtﬁ!: ﬂﬁ%ghce between
the FoEREencd MEetiAdCHEME tﬂhoﬁﬁptbﬁeldbelgﬂtanab’tﬁ 3@4 8@(8 theamlftrgﬂmdlc
be such that it can excite the fluoraoph

or
subsirate (398 t &be Hodimtiopt ECAUSHEY £4n hea fRF eﬁf “St“i% equation (1) as
f@}8uorophore | abel is fluorescein, a Ilght source with
Y% Iength bet ween 450 nm and 500 nmis required. The
mavelemgth of i ght source 308 may only have a single

FTQEE i.e. light emtted by a | aser or |aser
dlod@' wever, a laser source is usually relBtively
bul ky and expensive. In addition, a laser anpd |as
wheredt ax thedhioesaentiel lifbtime atifferenecabetvina Hieeld B%ﬁ% aﬂﬁb’@lﬁo“ and

%ﬁﬁﬁrswtable for a broad range of different
ﬂ?ﬁé uorophores. If the light source 308 used is

an LED which may cover not only the excitation

wavel ength region, but also fluorescence vel en LED
As egiesample, i1 £ A ethpo i pESS0HZe A lsffPlﬂftdetn ajp gen ol an

v ame o B M v HETHRR gh bieh Pedpdliy b MRS
qhgga aﬁgo%oﬁé‘é 64 1G4 Afdd¥ rhd r%]pﬁﬁvé@o bERSO8, diverges, so

cusing lens systerm may be provided to focus
t he Ilght into the sanple 304 inside a mcrochanne

The ensity fluo cence em ssi
S s SA T SRTRE SRSy ol
PP PAE therad a bRaderréreh@ etkdenthe phaiet of therwdnleel and unwanted
excltation Iight source 308. However, if the intensit

sngﬁals hAltblmght/els,cthq: phasg gigfferenqegouki l@qgenp{atqgaly the rpader and¥101se
uL k E iflggg AR %% 6 a? fec@]ﬂrglt 8&%&%91&'}75\%m0510td?% processing

tors nave foun
electronics in unit 306. A s1gn1ﬁcant aspect of the techniques disclosed herein is that

the electrical signals or signal components representing the respective light signals from

the sample and from the substrate have a phase difference between them.

The working region of the optical detector 310 must cover the fluorescence wavelength
of the analyte 304 of interest. For instance, if the fluorophore used is fluorescein that
has fluorescence wavelength range between 500 nm and 600 nm, the optical detector
310 must be sensitive to this wavelength range. An optical filter 310, either a long-pass
filter or a band-pass filter, may need to be installed in front of the receiver/detector 310,
to filter off signals with wavelengths outside the range of interest. As the light source
308 in system 300 is modulated at a certain modulation frequency, the optical receiver

310 must also be able to respond to the modulated signals at that frequency. There are
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470 nm blue LED with 3460 ntd in intensity is a

suitable light source to excite fluorescein. The |ight
weows02713908 i s nodul ated at such a frequency sPCTISGIIa8/000042

there exists a phase difference between the

fluorescence signal of interest and the unwanted,

noi se signal. The nodul ati onlfrequency to achieve this

condi tion depends on the difference between the

Iﬁ:ingo rtfﬁe%e'?)‘feobﬂicfa?t id¥eveRfdeidetors | batBRNObE thidemeghod including

anal yte 304 and the mcrofluidic substrate 302. The .

photdicdes, avalenahgpbntodiasiss, d9d phatompltiplisy tthesngd Rhpliemplgiplier tube

(1) _as follows:, 1, /nmod (D- ' . .
i P LSERRE TN olEt et el kS APREAY Phfiog A gpives bigh
baRa gy V61t 41600V . hers thesbthat Rark)2 phstodindexarhéap, cbfofnct, and
=1ns, then /[ nod = 250 MHz. It is foLingl,tha% in
sijapler it ite senskiyityais 108 atosRAdatsed RIS IHpgn bg Apg may not be
] . ency . . . ]
RPEL g P DAL QURICATDEL I O Aot 0 g
inplaileRbinwepensing donmpatt, sudihasego®dSemstyvityaiéorinpeltichannel detection
excitation f enc dul ated to ensure that there is
SYStpMEE WW@&HE@C%ES&E%R%OHgOBH%%eS of the wanted
and unwanted signals. Alternatively, the phase

di fference could be generated in the reader and noise
Reff¢ming abivan Figvire 430€cprd aprarasis opandaiing a dapigsgent sample

etecfion tem 310 .0r in C ' ' [
Rt SR R L aRe SO LR GRS R0 billyse he
seinpR AT sgoREEMsubstritB @021 hiphehes isrdndebd fbgrtat anaiyte 404 and
si gnal congonents representing the respective |ight
the gjibstrate P80 baprosesspd BY apriratio#%-he substrate have a
phase difference between them The working region of
the optical detector 310 nust cover the fluorescence
AypaedtesgiCneondprisbefish ptogesoB40b. dfirst prasessst 406-may be configured

instance, if the f]uoragphore used ig fluor ' .
either to receive electrical signals %%m an optlcaji réader (ngtosh(e)\sfv%? kSt rgc%%mg the

light signal(s) 405 or the optical reader may be integral with first processor 406.

First processor 406 receives the light signals 405 which includes both the first light
signal component from the sample 404 and the second light component from the
substrate 402. The light transmitted from the substrate 402 and sample 404 may
comprise either fluorescent light emitted from the excited fluorescent sample 404 and/or
light directly reflected from a light source (not shown) which excites the sample and
substrate. First processor 406 produces a first electrical signal 408 derived from the
first light signal component from the sample 404 and a second electrical signal 410
derived from a second light signal component from the substrate 402. The first signal
408 and second signal 410 are supplied to control circuit 412 which produces an
attenuation signal for attenuating the second electrical signal 410. The output signal
414 of control circuit 412. When control circuit 412 attenuates the second electrical
signal 412 sufficiently or completely, output signal 412 effectively comprises first

electrical signal 408. Thus, control circuit 412 cancels or at least substantially cancels
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has fl uorescence wavel ength range between 500 nm and

600 nm the optical detector 310 nust be sensitive to
wao biog/oeEvyel engt h range. An optical filter 310, PEI/sGE08/600042

| ong-pass filter or a band-pass filter, may need to be

installed in front of the receiver/detector 310, to

filter off signals with wavdlengt hs outside the range

of interest. As the light source 308 in system 300 is
thE0ish ARt Rb] Qo Ul @kdprevestinBihe dackdre@ndligt noisk érom the

optical receiver 310 nust also be able to respond to
subbteaterdHil at ed signal s at that frequency. There aremany

types of optical receivers/detectors suitable for this

met hod i ncl udi ng phot odi odes, aval anche phot odi odes,
T@Rhghth gt bt ardkheg mppatiras S0\ qrhnalysm qifhiokescertt shmpliegligposed

very sensitive |ight det e,c%&g, but t&e si ze is5 ich in the
ory & pisirotelis ey dRSEribafhdCERE PL CORPIHTS HESt ProRgsPy P4 gdich in
pr(egegngg)}Qmpl% 5&&aﬂfeb§(@gh@ Nds n@e® IS RIIRIBtiLA r6PRR may actually

compact,” and 'sinple, but its sensitivity is not as
begodlidas sepapdtelyaminttgrpl with theuirecessidlg stepiranics f psedessing the

refggigipc\gﬁé%é\{%%tsttfa%ﬁ gﬁpgs%" 7 li]e? gq%%rﬁr}gicg;otﬁﬁ%@ ﬁélgcf;?l\rpg rﬂx e &Ample of
Figﬁf@ﬁ%e ﬁéﬂero@@s%oﬂms 96 MitbgraVbptical feoéiveidnd sedianpebessing unit

etection systens, an array detector offers a %_ood,
whishirerviveRahatiglitsignalswnd pracessas theae topredecsribe iy glegtrical signal
or anal.ysi f.l yor.escen I '
shEi PR D8 B LGRS PSR 39, 2 h seond
clabtFiafigeshal §3@a wedFront thesacqilddighd 4igdalspapedenfrom the

substrate 402. Li %gt 405 is emtted fromthe analyte
mi@afleidis eandsuhsiaterdfe 402 to be processed by apparatus

400. Apparatus 400 conprises first processor 406.
First processor 406 may be configured either to )
AdetohXty, ehegipaiatad compgised confrobpirewit It for produsiagean aftpriation

shown) for receiving th i ght_ si s) 405 or the
sigpali S84 for degetingthe OPEPJ&&?%F& W‘?aﬁ %%'ér st processor
406. First processor 406 receives the |light signals

405 whi ch includes both the first |ight .sjégnal
Thetparieathitectre 57@ ashoperatiopowilbraw bp dessabehgAs neted above, first

conponent, from.th strate 402, T ' le 509 and
PRCRROR IS PO UL S0 PR Lags R S he sapggle 309 and
BQBRLBERE 5her Th Wenas s28)t53DidgHvedby fitse grdcesor Sbare supplied

exclted fluorescent sanple 404 and/or .
to summer module 515. Light source 506 is excited by sine wave generator 508. In
turn, sine wave generator 508 also excites first phase generator 512 (phase delay 1), the
output of which is supplied to variable gain module 514. The output of variable gain
module 514 is signal 532 which comprises the attenuation signal. Sine wave generator
508 also excites second phase generator 518 (phase delay 2), the output of which is
connected to first mixer 520. The output 534 of summer module 515 is also supplied to
first mixer 520. The output of mixer 520 is supplied as an input to circuit 522. Circuit

522 comprises a filter 524 (LPF3) and control circuit 526 for controlling the variable

gain module 514.

A detailed mathematical analysis of the operation of circuit 500 is given below. Prior to

this, the operation is summarised as follows.
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light directly reflected froma |ight source (not
shown) which excites the sanple and substrate. First

wW@e@sesHey 406 produces a first electrical sigrPel/SGB88/000042

derived fromthe first light signal conponent fromthe
sanpl e 404 and a second el ecfari cal signal 410 derived
froma second |ight signal conponent fromthe

sybstrate 4 Cold DR Bhasd OB R en ARG §ia053d and the
F1£#@ﬁ%sreegeg%r %%{Sé%-%taédgg%%trﬁe c?r%suit 412 whi ch p%ﬂodpces
va@nbR daantatule s 18 igaredngbdto st weamatifudg of He asiepuniign signal 532.

Tg%gfgtrr@ii g%l;qié{qgél{] ig lgqgr}lg()emgﬂt%g gﬁ%ﬁ%ﬁioﬁ Irs%gl%l: t{) %ﬁ’(‘f? Ijr cancel
s@gﬁaﬁﬂﬁdﬁl {hg lsé&fﬁd SReaRl 8o thinpahent 590aTo dd 2his, first phase

Icirently or conpletely, output signal 412 ) 1
cafefaat 3 12akts thopipse sbthefaiteauation stang] todie edpgypgjsubsgantially equa

Thus, control ci ui.t. 412 els . . : ; .
ol Bhasfof ey oeiebd SRaBEERE il Hsafadh Fiaye § phere i
r ' 1hiig Bt thedbse st(am- B)e
Ssoﬁﬁgﬁe?g%h%f&%}?%%%{eﬁéﬁ gulre t5 anotsher aggar at us

500 for analysing a fluorescent sanple disposed on a
substrate i s now described. Grcuyit

Thisets(pr pinokds swlisule ofhecatteppatiogesignal ggﬁt"%’&(@%g@s{{‘%@b 514
QR CRlpIERGb ¥ kol of SR EA ABRKE of b Ge@RIchRkrical signal 530.
¥ glvrmay ﬂaly%e

act provi ded separately or
integral with the processing el ectronics for

Aoouaig e spvis dretessinann o BEHE by R afg B fur 528,

58 gf‘fn%f prockdiBr 507 DlsuRinRs essRle $SB2whére @i dtRhaglaal signal 532 is
optical "receiver and signal processing unit which

sultceteddmmn Kignhli 38t 530. gWAEs atignpaien sigad 32 ihbe sape, Or

roduce the first electric | s dher $36d chdRMRd from
Syptani1 ﬁ%ihelsiaﬁlﬁt AT edc%‘%?%%%@ﬁ?‘ : P gréhag 2 sanpl 6 509
t%tﬁm%fggﬁﬁﬁﬁgnﬁhﬁﬁtﬂliscal signal 530 derived fromthe
second- i ght signal conponent fromthe mcrofluidic
card substrate 510. Additionally, the apparatus

(&%%Lﬁgcgﬁ S04 %é'd%lblaglgérg&ifltgu% SrQbrmRbe? Htschultds B s fed back to

'on ‘srgna r attenuating the second
6k€C320i foptorsiol bithe ¥afabld lgeinanodulé §14r ¢ Aintasgnu 588 sheecond

and operation will now_be descri bed. .
R 2S00 g2V B350 LR B30 AP mives
S0 WY ik ARALSsi SR Ediferod A¥RaBaB18Eamndlodule 514. This is supplied to
filter 524 and control circuit 526.

Second phase generator 518 sets its output signal 538 to have a phase equal to or
substantially equal to a phase of first electrical signal 528. That is, the phase is set
substantially to the phase of the wanted signal received at first processor 502 from

sample 509.

Alternatively, all of the components illustrated may be provided in a single apparatus
500 comprising a tuneable modulated light source 506 for exciting the fluorescent
sample 509; optical receiver 502 for receiving light signal components from the

fluorescent sample 509 and from the substrate 510; a first phase delay generator 512 and
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m crofluidic card 510. The signals 528, 530 derived by
first processor 502 are supplied to summer nodul e 515.

whr@hndreur ce 506 is excited by sine wave genePEr/662008/000042

508. In turn, sine wave generator 508 al so excites
first phase generator 512 (phase delay 1), the output
of which is supplied to variable gain nodule 514. The
PP g mbatik 3Rk gabid ﬁpagé' hﬁa? %érgra?tox% gnala a%%%tr%’?!:i%ﬁit 522
conprises the attenuation signal” Sine wave generat or
ko theayasioble)ginmsddesbhd phase generator 518 (phase
delay 2), the output of which is connected to first
m xer 520. The out put 534 of sunmer nodul e 515 is al so
Bhip phatdndtital biiedysidNor ahe 24 Ruit TSH Bpédidn & nW?fveﬁ.Z@irsﬂy, the
Is supplied as an input to circuit 522, Grcuit 522
eomsnes o of fightt sour®230¢ leREIBYioaniDE tntunell soi thatiither846 a phase
for controlling the variable gain nodule 514. A
difemnbe betmdchesighalcaf imorkly SR8 of phrrpgRmdt iten sahple 509 and
circuit 500 is given below. Prior to this, the
wpyeantad sognal §3G wyngendrated ba shef raickefvidiEicasit s 10hase
generator 512 is arranged to set a phase of the
attenuation signal 532 and the variable gain nodul e

|itude of the attepnuation

A AR BP0 0 o BT e
B LA, O S 20 b R3S5H s 510
% 8 e gt S SRER S AL

substantially equal to the phase of the second
el ectrical signal 530. This is illustrated in Figure 5

wWher e, +ty, spsia(arhep put put of first phase generator 512
is of the formsin()t +fn) . To set (or tune) the
anpH tAde(of +phe Aisingmuap)em singeat 9532, variabl e gain
nodul e 514 sets the anplitude to be equal or
suebsdam(wat Py +é4pald, sin(wheg9econd el ectrical si gnak)
530. Attenuation of the second electrical signal 530
is effected by supplying the output 528, 530 of first

t dul e 515 t
ReRERIRE 7 os 05 PR nrser sl Frsfrindbgnar 528,
or

. \4\!1?9 tenuation signal 532 is the sane,
@gﬁs_tcan |éﬁ’%r)y t he sane, as unwanted signal 530, ®)
unwant ed signal 530 is cancelled from

Mixing in first mixer 520 of signal 534 defined by equation (2) and signal 538 defined
by equation (3) results in first mixed signal 540 defined by:

xqz (t) = ysum (t) X q, (t)

= [Asin(ar+¢,)+ (A, ~ A,)sin(ax+ ¢, )]x cos(ax +@,)

- A sin(art+g,)cos(axt+¢,)+ (A, - A,)sin(wr +@,) cos(ax +g,)

%sin(Za)t +29.) +(—A"—;—4”—)-sin(2a)t +¢,+8.) +(—AL;—éVlsin(¢n -@.)

)
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the out put of summer nodul e 515. Control circuit 504

feeds back an output 534 of sumrer nodule 515 is fed
whawk/09T19m xer 520 for control of the vari abl ePgEEG2008/000042

nodul e 514. . An output 538 of second phase generator

518 (phase delay 2) is also fijgd to m xer 520. The

out put 540 of mxer 520 is a first mxed signal to

t I 410yl
TR e P SR TS n B R0 Rrid s B8 ScuTHER hfflan AC
ogmpenattm in Eq&tizmt @).i Supposet hatACicgnpon&88 ateoﬁlmxedg off using a low

to or substantially equal has

RS Berad dLPF S Prls R SRPOnRiatIF 1 e 6 RhMGR | § isdeft given

ubstantlally to the phase of the wanted signa
Beceived at first processor 502 from sanpl e 5009.
Al'ternatively, all of the conporents illustrated may

be prOV|ded in a single apparatus 500 conprising a

b“é)gﬁf Fd | i ght source 506 for exciting the

ﬁluore§cen §a§% e 509; optical receiver 502 for (5)
receiving light signal conponents fromthe fluorescent
sanpl e 509 and fromthe substrate 510; a first phase
del ay generator 512 andvari.abl e,

Hecsivnsighalsk adehijiq/daerardicisys %gﬁao %3) e%ﬁl%er %ﬁm’éw P%@Ptgam

Qfﬁql? gj{dgtto?f%n{rﬁétlha bl em%?e g& g'l%(ﬁe&?rg.? ghgnia‘; § lr#g@tcgrel mﬁﬂecuar{wanted

stibdifitd Muortf@ndd EEMEIHVY y OXTRE coite 'blr&ﬁiﬂﬁg@ls@&fandard control
excitation 508 is tuned so that there is a

cifictit &y map shersraneehagsi tg g vasfablergain ampliBord 1¢sT@1§ Fﬁe%cfhteéféd when
by the sanple 509 and unwanted signal 530 yn generated
by the microfluidic card 510. The signal 534 ysm after
xyha)aunqpiA§15 i s conposed of the signal 528 ys
generated by the sanple 509, unwanted signal 530 yn
generated by the mcrofluidic system510 and the
[?enerated attepuatjon signal 532 - Av sn(ox+ fn) as

g @\xsthe eumgt =S (e&hqsm%myr magule FL8 Vs J yr Av sn( ax

n) As sin(ox+ fs +(All Aﬂ)Srr(OX +fn 522)
The amphtude 536 A, of the wante sample fluorescence s1gna1 8 y,is output by an

amplitude detector 536.

The technique is also applicable when the output of the first processor 502 (optical

receiver 1) from the unwanted substrate fluorescence signal 530, y, (¢) is given by

y,()=A,+ A sin(wt+¢,)+ i o, sin(kax+¢,) (6)
k=2

The coefficients ¢, and the phases ¢, for k=2,..,0 of the signal 530 y,(f) can be

unknown because mixing (3) with components of signal 530 y, (#) in (6) results in

o, sin(kax + @, ) cos(ax +@,) = %[sin((k +Daxt +¢, +@,)+sin((k-Dax+ ¢, —4,)]
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The output gq2(t) 538 of the second phase generator 518

is given by: q2(t) COS(OX+fs ) (3) Mxing in first
Woreoos/09B20 of signal 534 defined by equation (B)T/8Gzd08/000042

signal 538 defined by equation (3) results in first

m xed si gnal 540 defi ned by:14f) ysum( ) x 2(0 =

[As sm(ox+ fs ) + (An - Av)srr(ox+fn)]xcos(ox+fs)

Tﬁ%f?ﬁh%‘g Jsegn_gi In ; an(d n_ig?ccfs%a_'%if ?g"rs’agn( Rn’%ilgereﬁn&g)ﬁ'ém_% the same low
%ss fi(ltte} 534 gﬂ,dﬂss%)g;]l‘g]fe&oré tKe &Fordieital td thel OnEBEErdue836 is the same

I'rs 540 conprises a DC conponent and an

aA\GvVeRBPONEint (5).1 Blehepitiei amrput 4Y theSsippmse5thaftea@ band-pass filter to
conponent’s are filtered off using a | ow pass filter

r§e4 tfd PESJommmkyt #hendEhe bighanener hirimsmidss(ihd) @ithol, =0 will
signal Ve is left given by ( - L)sin(fn -.fs) (5) The

be teowarsédysuply/@ubssderde sigha 286, c Jrheragtplisidec 9t A5 Q%tfiedNanted
adj ust the gain of the gain nodule 514 to control th

sanplk iftuoescarice tshgnal 528 natead bei Ign@llr@l%lll&)ﬂ@eﬁ%@}m‘i%%eteCtor 516
unwant ed substrate fluorescence signal 530 yn. The

afienthe bandepase fiiter GebshosviaindtigiHgia)d control circuit to

map the error voltage to the variable gain anplifier

514. This is achieved when V = 0 and = 4 Using (2),

A @erf@t;!ﬁdmé Beks@bntt b cRumreI00Nsihuse tiil Shy rinteefegpnce ‘cpgellation

npl i tude, 536 As OB t he want d sa esce

teghg],qu 1@Q@n3¢§teids1s \eptetreweg illl%(gp Lg)éff‘sge&ggségnal for a
oS GIERALAUE 1!08 der@s %%B‘esp“oﬁa B e&h@ fnddifion fRighesty of SMHLz

I'Tst processor 502 (optical receiver 1) fromth

”[Lhnwahiseahablebéd)wabsi iplemesgimcesieg §RAs HIbis i fepiyed gnodulatlon

[
fxgeqtl/eency 1%, well within the range of modulation having a maximum modulation

frequency of approximately 10 MHz.

With the frequency of modulation set to 3 MHz, this gives a phase difference of 1.08
degrees. The amplitude of the wanted sample fluorescence signal 528 is A, =0.4 V and

the unwanted substrate fluorescence signal 530 is A, =0.8 V. Figure 6 shows that the

wanted sample fluorescence signal 528 can be recovered in its entirety without loss,

thereby providing a significant improvement over known techniques.

Thus, a significant advantage of this technique is that it is able to discriminate very
weak fluorescence signals from analytes of interest inside microfluidic chips from much
larger unwanted fluorescence signals due to fluorescence background of microfluidic
substrate. This is achievable even at low modulation frequencies such that the phase
difference between the substrate signal and the analyte signal may be much less than
90°. Hence, the technique makes the detection of very low concentration of analyte
inside the microfluidic chip, made from materials with high fluorescence properties,

possible.
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yn (Jt) =A +A 11 n(w + fn) + a k sin(k wt +fk ) (6)
The coefficients a k and the phases fk for k=2,.., of

wae b@ssdgenl 530 yn (t) can be unknown because PCRBGZH08/000042
(3) with conponents of signal 530 yn(t) in (6) results
inak n(kw +fk ) cos( Xtfs ) ~j [sm((k +l)wt +fk
+fs )+ n((k-V) w+fk - fs )] 12 (7) The resul tant signal
in (7) and \cos(ox+fs)can be filtered out using the

BetAie thRY &@E of ddabel eRAfindtieRod)the TBRE @f@ardi® Berfliorescence
Signal t

8 control circuit 536 is the sane as @i ven )
bablyervend of fdroflidditc subtstratep bighuhackgronpg flugrasesice of the pglymeric

RGBS S LG,y CATR 0l B o
m&?kﬁldé@ietxﬁﬁeﬁﬁ%ﬁdféé WG HeaBRs, HichMalg 58 cpst, casthef fabrication

anpl 1 tude 539 of the wanted sanple fl uor.escen

angi whadtné2.8 Rodymenic glgeeﬁpegpggrtgcquglpqqaert than aﬂpblp:il 21a e glasses and
.detector 516 after .t - is ot '

S SF R) y AP ERTAL ooty e or o
mfREEdicheHipst b betsaurifeanigeredarede ipbssiblyreltosdngiitepre even to be

i mpl emented is able to recover the wanted sanpl
trqrasrs ORIl ATk AiFPISBhIe SaIHESS THIA PP O Ay igassay system.
Lees._¢ ongli ng padulAatd feguengyitale for less-
P(gf}%%ﬁgﬂgcg{)ﬁ?ﬁ?s%;ﬁ ablagé; 1Izil)gvv- E:oist tih?rgl aeme%t at i gln uesi r?é =
skillaglaberatoly sssistantkesi red nodul ati on frequency is well

within the range of nodulation having a maxi mum
nodul ati on frequency of approximately 10 MHz. Wth the

Pri&R0 480 G &fcuﬂquj:%ﬁfeo? m89Firitdedalibated: Meferginy ésFigure 7, a
phase difference of 1.08 degrees. The anpljtude of the

calibretiod technisjue i naye desseibpd withirgieagnes sciriityd0- o 4 v
and the unwanted substrate fluorescence signal 530 is
An= 0.8 V. Figure 6 shows that the wanted sanple

clbMeTersansRes h GindlcaBRBticacirdugt T02cfov ealdulating the §irst phase

entirety without |oss, thereh vi dji.ng.a signifi.can
semeponadand aooemdarbniston et Rbor i ide Bedioieaite
gg%yaqggsal%e of this technique is that it is able to

aISeY i mionat e very
First calibration circuit 702 comprises a second processor 706 (optical receiver 2) for
producing a third electrical signal 724 derived from the second light signal component
from the substrate 510. The apparatus 700 is arranged to produce third electrical signal
724 without the third electrical signal containing a component derived from the first
light signal component. As described below, this is effected by removing the sample

from the microfluidic card and exposing the microfluidic card 510 to light from light

source 506.

First calibration circuit 702 further comprises a quadrature phase shifter 708 to shift a
phase of an output signal 726 from the first phase generator 512. The output of
quadrature phase shifter 708 is a shifted signal 728 which is fed to second mixer 710 for
mixing with the third electrical signal 724 to produce a second mixed signal 730.
Second mixed signal 730 is supplied as an input to first calibration filter 712 (LPF4). A

mathematical analysis for this operation is given below. The output signal 732 of first
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weak fluorescence signals from anal ytes of interest
inside mcrofluidic chips fromnuch | arger unwant ed

wo bassiogagence signals due to fluorescence backpeDsazhoghHooo42

m crofluidic substrate. This is achievable even at |ow
nodul ati on frequencies such that the phase difference
bet ween the substrate signal 18&nd the anal yte si gnal

may be nuch |l ess than 90. Hence, the technique nmakes
chiisra66d ARéA AN iOfedREY ad PVHARID @rﬁﬂ‘ﬁ Ec%dn%l Rlodgieat M thich,
inside the mcrofluidic chi frommaterials wth
threfiers; Pryides eoapiEolnppef the ‘fgl'St @ﬁélbsatmn@HB@kt ause this
techni que enabl es elimnation of the noise signal due
to the fluorescence background of mcrofluidic

'Blla hsddhdtcahbfﬁthhamkmmﬂ APpArhtu® 766 GEMOE Calibratind@he second phase
ymeric pateria can be used for the mcrofluidic

g%%étpf al&. Segopd F@}hﬁ@th@cﬂlwﬁ /¢ cemptises a4hird peocessor 716 (optical
réEeﬁfePf’: thé’m%r&ﬁfé@sr 4 ﬁJurtH%?e‘é# %gﬁ'mﬁﬁ QRATdd dﬁom the first light

I nclud cost, ease 0 ation an
srgnbhmlmp@ssnt fRoh j/lmssmbslrzseh eBits ptazeskor 31 ®prodhesphe fdunthrelectrical

25 o R Euh FRRTRR D 134 S g rcommRaowetive Fom the
sé&bﬁd 'l'ilgﬁf Qb coinforfet. AhiCRRfBES b E‘éé‘ei\fiﬁg‘ﬁtl tWird E{-Bé@%@r 716 light

possi bly all owi ng them even to be treated as
frosnanabple ARV itiospanydisickgioand/npidg bghti from substrate 510.
poi nt - of - care i Mmunoassay system Polyneric

m crofluidic chips are robust, so they are al so

Tad iféath @edtdcal ls@ﬁélskw ib aq:l lic@ &ﬁﬁﬁﬁ%ﬁte&ﬁa Bt ﬁﬁkﬁ‘ag With &1 output
to use, the circuit for 1:agure first be

736 scapdphasrerlay eprRgaion> gTheeOWPUta??’@@If thirdemixes 718 is a third
n{%g%m%w Shiich lgg‘#p%%& &4 p&%n&“c%ﬁbrﬁt?éneﬁﬁé} oY PPESY. fdl du tput 740

. rcuit Ises a brat| on ‘¢ircul
off@hichads feddiacb nad casrgrcﬂ hqaut of Slb sﬁﬂmﬂeamaﬂﬁomtlwmﬁm tarschge 722.
TE second calib atlgr}erc 4 for calibrating the

® TSRS O Ha P§Y edle - calibration circuit

702 conprlses a second processor 706 (optical receiver

2) for producing a third electrical signal 724 derived
The omain kucwie 800 ds firsyldisconmpeted Tomptbe @Nbraﬂrsnyahetrhbr the calibration

stﬁgé) EPU tetﬁé i)g engeglfe%%grglrﬂél é}éoofhlms ITVOIVeS %?e tumng of first phase
generator 512 to ¢, , where ¢, is the phase of the unwanted substrate fluorescence signal

530 and a microfluidic card 510 without sample 509 being inserted into the calibration

system 700 to tune the first phase generator 512 to@,. At the same time, second phase
generator 518 is tuned to generate the required annihilator signal cos(awr + ¢,) 538, where
@, is the phase of the wanted sample fluorescence signal 528 and a sample 509 without

microfluidic card 510 being inserted into the calibration system 700 to tune the second

phase generator 518 to generate cos(ax+9,).

The tuning of the first phase generator 512 to set a phase of the attenuation signal equal

(or substantially equal) to the phase of unwanted second signal 530 is now described.

The signal 724 y,(t) after the second processor 706 (optical receiver 2) is as follows



724 without the third electrical signal containing a
conponent derived fromthe first |light signa
w@eooposEme . As described below, this is effectrdr/hg2008/000042
renovi ng the sanple fromthe mcrofluidic card and
exposing the mcrofluidic card 510 to light fromlight
source 506. First calibratid® circuit 702 further
conprises a quadrature phase shifter 708 to shift a
phase of an output signal 726 fromthe first phase
generator 512. The output of quadrature phase shifter
yI@B= ussia(ahid) ed signal 728 which is fed to second (8)
m xer 710 for mxing with the third electrical signal
724 to produce a second m xed signal 730. Second mi xed
signal 730 is supplied as an input to first .
Tiesganbrated gnal 726 of (1) obthefpstphasergergtaid it GIVeRR% vsi s
for this operation is given below. The output signa
5 732 of firstcalibration filter 712 is fed back as a
trol input,tq control nodule 714 which, therefore,
ygggVF¥%@F 8@6%930I i nput of the first calibration 9
circuit. The second calibration circuit 704 of
apparatus 700 is for calibrating the second phase
er d gy, ' ifter 708 is given
g b8ng e PSRRRETACY (VL B hiic paC hifier T8 o e
¥hich produces a fourth electrical signal 734 derived
romthe first light signal conponent fromthe
10 substrate. First processor 716 produces the fourth
el ectrical signal wthout the fourth electrical signa
97@)= 6% @aT Ai N8P conponent derived fromthe second (10)
i ght signal conmponent. This is effected by receiving
at third processor 716 light fromthe sanple 509

i £ hout an [ ' Hon (10
MR o RGPS Wafa® 7S Cilyion (PHAGHERATES Recedilon (10)
rd¥uNEM séddhd aixetlisignalg7 30 definadbgut put 736 of second

phase del ay generator 518. The output 738 of third
15 mxer 718 is a third m xed signal which is supplied to

a secand ca)ibration filter 720 (LPF5), the output 740
x@ﬁgﬁhxgﬂxﬁsb>ed back as a control input of the second
calibration circuit 704 to stage 722. The mat hematica
anal=y4f sneer th) oo @it dec®Bel ow. The main circuit 500
is first disconnected fromthe overall systemfor the

cal i=b%ts{n?ﬁ‘an+2¢n —A¢n)+é2"—sin(A¢n) (1)

20 It can be seen there is a DC component and an AC component in (11). Suppose the AC
component is filtered off using a first calibration filter 712 (e.g. low pass filter LPF4),

only the DC component which is the error signal V! is left signal 732 given by

LA
Vi ="tsin(Ag,) 12

25
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stage to tune the phase generators 512, 518. This
i nvol ves the tuning of first phase generator 512 to fn
w0 200809899 N i s the phase of the unwanted substPEL/8G2008/000042
fluorescence signal 530 and a mcrofluidic card 510
wi t hout sanple 509 being inserted into the calibration
system 700 to tune the first20phase generator 512 to fn
. At the sane tinme, second phase generator 518 is
tuned t.0 rgte the . Lr 1.0 ko Sit theCA&( phase
Th‘gf grr?r gg@%‘%ﬁ # 1%8 i 't%ﬂ%% (ﬁ)ﬂtt@ﬁ Birfllid 81#to QufReA P

ere TsIs phase of the wanted sanpl e

fl i . \n )
oSG2 BB R SR o
th% ghésg ro?&ﬂe%w%@d%ﬁbztpﬂe FRofebtdBcd SignA830nd phase

nerator 518 to generate cos()t +#fs ) . The tuning of
the first phase generator 512 to set a phase of the

T e e S RO PR oAl &9 he prase

o488 Hahe8 dampieSIuvkGBace §2hal S8 inbwadds&dbedhe second
processor 706 (optical receiver 2) is as followsyn c

(t) = Asn(OM+ fn) (8) The generated signal 726 y (t)

of the first phas nerator 5 i S..Qi,V.en.:
The sigagag pi () SAen by 1089 Prectsar 1 uloPE R R TS Edphews
signal 728 q (?) after the quadrature phase shifter
708 is given by g (t) =ow + fn - Afn ) (10) MXxing

Enyseeond M yer 710 of signal 724 (equation (8)) and
yé{})gna 917%%Zuati on (10)) results in second m xed (3)
signal 730 defined by: xgt ) ync (t)Xg x ¢ (t)

The generated signal 736 y5 (¢) of the second phase generator 518 is given by
y5 () = q;(t) = cos(ax + ¢, — Ag,) (14)

Mixing in third mixer 718 of signal 734 (Equation (13)) and signal 736 (Equation (14))
results in third mixer signal 738 defined by:

x (0= (OXg5(®)

= A°sin(at+¢,)Xcos(@t + @, — Ad)

c 4

= A—z’sin(ZaJt+ 20, — Ag,) +A—£sin(A¢s) (15)

Tt can be seen there is a DC component and an AC component in (15). Suppose the AC

component is filtered off using a second calibration filter 720 (e.g. low pass filter

LPF5), only the DC component which is the error signal V? is left signal 740 given by

s _A
‘/e _TSIH(A¢S) (16)



= A % (ot +f n)xcos(ox +fn - Afn) = ~-sm2 )t +2fn -

Afn)+*-sm(A fn) (11) It can be seen there is a DC
weowpoyEme and an AC conponent in (11). SupposSECT/b&200£000042

conponent is filtered off using a first calibration

filter 712 (e.g. low pass filter LPF4), only the DC

component which is the error2signal V" is left signal

732 given by Ve = - sn(Afn) (12)The error signal 732 V
'I?lé ef ?9 i;ggﬁlovt ﬁefeﬁ(?{ﬁrorc%égfgi 519&&1@72&% aﬁﬁls@ﬂie%éoﬁdﬁ%ase generator

Se ‘generat o until V' =0and the fi

Sgg El f t A%he %g'tt% gsphta é:heg{t@r fZQAﬁec[lﬁecf b génel‘a{?@ the required

e unwan rate fl uorescencesi gna

agﬁ)’ Bﬂ%tﬁp §1g%151n%§§9 @E R a{i}?—ﬁ #BNaRROYNGE 3hO bh§s1380ﬂ fhe wanted

t0) the 'phase of the

gfe Eg{cgsg‘ghypgz%scence si gnal 528 |s now
rlbe The "signal 734 ys c(t) after the third

5 prgcessor &16f(opt| cal rece| ver 3) is as follows ys
+ -
Tglé c% 1(?}1%@8 xﬁi%gé eﬂrgtr ﬁlﬁlagg g%h&%k S% 8o QB? Rﬁl’ﬁiamental

= S
pﬁ&s% g%ri tlz 4 ug%t 7%%40} il% g6k dpngégsgdéﬂmgggﬁt?déa Ee;bt&lvgfn 2), y(t) is

gg )t)y results in th|rd mxer signal 738 defined by: x
t)=ys e(t)xqg 2 c(f) = Asin(wt+fs)x cos( +fs - Afs) =
SW. (2wt +2fs - Afs)+ |n(Afs) (15)

10 y;()=4+A, sin(wt+¢n)+iak sin(kax+¢,) a7
k=2

The coefficients ¢, and the phases @, for k=2,..,00 of the signal 724 y,(r) can be

unknown because mixing (10) with components of y;(#) in (17) results in

5 sin(kat + @, ) cos(at + g, — Ag,) =%[sin((k +Dat+ 4, + 8, — Ad) +sin((k—Dax + @, 8, +Ag,)]

(18)

The resultant signal in (18) and A, cos(@x+¢, —Ag,) can be filtered out using the same
calibration filter 712 (LPF4). Therefore, the first phase generator 512 can be tuned to

20  the fundamental phase @, of the signal y; () using the circuit 714.

Similarly, the output 734 of the third processor 716 (optical receiver 3) y;(#) can be

given by

25 Y ()= A+ Alsin(ar+9) +3 o sin(kar +¢,) (19)
k=2
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It can be seen there is a DC conponent and an AC
conmponent in (15). Suppose the AC conponent is

wo doseyB of f using a second calibration filtePCTR6G2008/000042
(e.g. low pass filter LPF5), only the DC conponent
which is the error signal V * is left signal 740 given
by Vi = -sin(Afs) 1 (16)The2xror signal V* is fed
into control circuit 722 to adjust the second phase

TC R s S8 e RS, & BEASTar e Thas cabreq a0 can be

generate the reqtired

u ng%vﬂgitgflﬂgéwg ltl?a??l%]e ?e%gnng Eb&g!ﬁ%‘g%t&@@&%% tundRy Qerfeﬁate the

e” of e wan fl uorescence signal
re3dfed TREhAA6HSAAETIEABOALE® ghavhesed), sahe fnadaneangdl phase of the
phase generator 512 to the fundanental phase fn where

Siém@yt}p@g uédft B¢ cotiel sRea@nTpr ocessor 706 (opti cal
ecel ver 2), yg"(t) is given by yg n(t) =A0 +A
sin(wt+fn)+ ak sin(kwt+fk ) (17) 4=2 The coefficients
ak and the phases fk for k=2,.., of the signal 724
With) AC&0.9¥ andk ADw. b ¥¢ Higee Hrbbawigvqltrgs-tigier a@GWHéWe%?’E
of y n(t) in (17) results in ak sn;&?kwt +fk21. ) ax+fq <
elgtriyal-signajsSi2d( (X6s (7Pt 736ra0d that the galifraliopcprglits %fﬁfblff  tune the

afabe S g 3 Bl AR bk 0 el e
calibration fi.lt P f j
reanggcﬁaf e B3 %ﬁ%&%@%’&ﬁ SRR ol sk $Rady 1 for both
i gna "(? [ h [ [ .
C‘*@{i’%’%‘f"é‘rlp% %E_Zefg’m put ¥g4( o% ;Jﬁlentghit rg g:r :)gglstsorn?w
(optical receiver 3) yg s (t) can be given by

Some non-exhaustive variations on the foregoing examples are now described.

Figure 9 illustrates the architecture of a fluorescence noise cancellation system using an
additional two phase—locked Joops and a quadrature phase shifter. This system
architecture 900 comprises ten main blocks as follows: the tuneable modulated light
source system [I], the phase delay generator 1 [II], the phase-locked loop circuitry 1
[II1], the variable gain A, [IV], the sample (analyte and microfluidic card) [V], the

optical receiver 1 [VI], the control circuit [VII], the phase delay generator 2 [VILI], the
phase-locked loop circuitry 2 [IX], and the quadrature phase shifter [X].

The calibration of the circuit of Figure 9 is described with reference to the circuit
architecture 1000 of Figure 10. The calibration of the phase delay generators requires
an additional seven blocks namely the microfluidic card [XI], the optical receiver 2
[XI, the quadrature phase shifter [XTII], the calibration circuit 1 [XIV], the sample
[XV], the optical receiver 3 [XVI], and the calibration circuit 2 [XVII].

Figure 11 illustrates another alternative architecture for a fluorescence noise
cancellation system which uses an additional two alternative phase-locked loops and a

quadrature phase shifter. This is illustrated as architecture 1100.
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yg s (t) =A0 +A n(wt+fs)+ ak sin(kwt +f ) (19) k=2The

coefficients ak and the phases fk for k=2,.., of the
wWGee@aad71984 yg s (t) can be unknown. It fol | owBCT/BGE2008/000042

t he second phase generator 522 can be tuned to

generate the required anni hilator signal 736 cos(b +

fs ) where fs is the fundanelg al phase of the signal

734 yg s (t) using the control circuit 722. Wth Az =

Tge BirduieN@OAT Fifhrd 1Vis alliOtte £cotagystohe Eabeationngrcuit 1200 of
characteristics for electrical signals 724, 726, 734,

Fig@ Bhd that the calibration circuits are able to tune
the first phase generator 512 to fn and the second
phase generator 518 to generate the required _
Acmrthéy diRkkive caaal 1588oe amyshigsthe dsiotdiecnt sampless dluatrated in
at steady state for both cajibration Ioggs gre Zer0. 14
Figwree]h chbeesiratifsh300 asepcan adelitional Gradratue pre Bitig Heure
11%3%@% ltra{i?ar@?i‘ﬁécﬂ?? GAOGRA calbraifSne cirlkhid $30RELBighRel3.

ure of a

arc uor escence noi se cancel l ation
systen1using an addi tional two phase-| ocked | oops and

quadr se shifter. This s stema chi t. s
oo 56t e Bty THarsropIs aebe sen Ry G RlePh’ FE bl fonal
pHRAYbAL REp éérﬂf‘e{ @éai’%{tﬁ'x% phY&t dibedrlid 111utsﬂi\ﬁe@hﬁ51guﬂ:eﬁam this and the
gener at or (]] ase-|locked loop circuitry

f@ldl“]mg ﬁamev,athe alwblevagabﬁ ig\a pyrg)of therrsrasstgpials qf éhFa‘F%@l circuit

t he, op
PO S Py o B PP ot 55IIEE o o
cBRRSIcat @it ard Ea¥ibkdtion difedit Rhase chidisrkigoch J:mmix Tanidcentroy cizcuit will
[DC], and the quadrature phase shifter HL (g
be andrpAifipyhtostesignealue to theiiterctipnshntucan the coRIE ﬁ?%ﬂ‘d
%ﬁ&ﬂu&l §£§nce to the circuit architecture 1000 of
ure The calibration of the phase del ay

generators requires an addi tional seven bl ocks narrel y
the mcrofluidic card the o C
An alternative calll'lbratlon circuit lg( b ]1s 111ustrate<P Igigure 1% e[ths c1rcu1t isa

modified fluorescence noise cancellation system with an additional phase-locked loop.

Figure 17 illustrates another alternative circuit 1700 which provides a modified
fluorescence noise cancellation system using an additional two alternative phase-locked

loops and a quadrature phase shifter.

Figure 18 illustrates the layout of another calibration circuit 1800 using an additional

alternative phase-locked loop.

Figure 19 illustrates another circuit 1900 for a noise cancellation system using a

quadrature phase shifter.

Figure 20 illustrates a calibration circuit 2000 which defines a modified fluorescence

noise cancellation system.



[ Xm the quadrature phase shifter [XIH, the
calibration circuit 1 [XIV], the sanple [XV], the
W@pioBo2i19y ecei ver 3 [ XVI], and the cali brati onPCI/6G2008/000042
2 [XVII]. Figure 11 illustrates another alternative
architecture for a fluorescence noi se cancell ation
system whi ch uses an additi @4al two alternative
phase-| ocked | oops and a quadrature phase shifter.
F%‘x‘g 1l ifiudtl ke Shr M 8RS cREEM 10BGHMER ddfifS afbtBeChodificd
Figure 11 is calibrated according to the
ﬂlmbscbnca:tnotm caneadlation $p0@N0f Figure 12. A further
alternative circuit 1300 for anal ysing the fluorescent
sanple is illustrated in Figure 13. The circuit 1300

It %88 e @pple@kdteaItﬁmmlvemtaﬂsaauauaed@bﬁsﬁ bathﬁy ef exaRipiriody 2ad
illustrates a circuit architecture

vamus prodifioagjons@ay pe sude ta Secler] o |H§B]reglei}%a%°‘rPi"é“\°H%e@’€ﬂ“fe
h se cancel l ati on system

ﬁ@? h §¥Hpﬁkﬁ%8$|%ﬁ§? gﬁ%@g@aa | oops and a quadrature
phase shifter is illustrated in Figure 15 In this and
the following figures, the error variable is a sum of
the error signals of the control circuit and
calibration circuit 2 given by Figures 5, and 7 . The
error variable is fed into the control circuit and
calibration circuit 2. The calibration circuit 2 and
control circuit will be nore difficult to design due
to the interactions between the control |oop and
calibration loop 2. An alternative calibration circuit
1600 is illustrated in Figure 16. This circuit is a
nodi fi ed fluorescence noise cancellation systemwth
an additional phase-locked |oop. Figure 17 illustrates
another alternative circuit 1700 which provides a
nodi fied fluorescence noi se cancellati on system usi ng
an additional two alternative phase-|ocked | oops and a
quadrature phase shifter. Figure 18 illustrates the
| ayout of another calibration circuit 1800 using an
additional alternative phase-locked | oop. Figure 19
illustrates another circuit 1900 for a noise
cancel | ati on systemusing a
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quadrature phase shifter. Figure 20 illustrates a
calibration circuit 2000 which defines a nodified

w0 bawsgEeence noi se cancel | ati on system Fi gur ePQI/8G2008/000042

illustrates an alternative circuit 2100 whi ch defines

anot her nodified fluorescence noi se cancell ation

system It will be appreciat2sl the i nvention has been

descri bed by way of exanple only and vari ous
disf i cations may be nmade to the detail of

I npl enmentati on without departure fromthe spirit and

scope of the appended clains.Clains 1. An apparatus

for gnalysin fl vorescegn [ S

1o s P L oL BB TR E iyt IRAREH o Bbstrare the

a?@ﬁmngegmgﬁﬁgga first electrical signal derived froma
irst lig

t signal conponent fromthe sanpl.e da_. .
secoRdITEIREeEsICE AP RIPGWARS A &St \?Eéltf?cag%w%ﬁéisaswggpm@mst light
si?ggln&) Fod Bt thel Jaﬁ'g?lé ol as%égéﬁ(f AL&ricHNEI B Bert @ from a second

paratus 1s arranged to produce the first and second
lightedigrial campsinepnfom the sibstrate whereirethe spparpiua ssearranged to produce

di fference between phases af .t fi.rst, and,.secon

the st o] il B UGl BPrech DA BFencs between
pRAQLBE IR hnd b &M dAias sighal; dnar attenuating the
second el ectrical signal. 2. An apparatus accordin

to
cl ai mcoptrolwrcaitfor predecing aoatteninpiden iged rf%frﬂt@égatﬁlgtg? ggcond
hase. generator and a variable gain nodule, the first
e%ﬁ& 818§W§rator bei ng arranged to set a phase of the
attenuation signal and the variable gain nodul e being
arranged to set an_ anplitude of the attenuation

2si gna\n appaEAtESHFEPTGIng I L RN HierconRLLIyt copprises a first
e F > .

o 4008 SR R O R0 USRI hane o

sttt pHaaé of e anbraradbn sighal dnidrtkd vartahiegage medatedeingarranged to set

arranged to set the phas f the attepuation signal..to
apanpidit o Ehcafisabaiinn s BeeRntol v HEbe dd it e
aREHAREN §1oR41 thicGRlel 8t &MBLL substantially the second electrical signal.

3. Apparatus according to claim 2, wherein the first phase generator is arranged to
set the phase of the attenuation signal to be equal or substantially equal to the phase of

the second electrical signal.

4. Apparatus according to claim 2 or claim 3, wherein the variable gain module is
arranged to set the amplitude of the attenuation signal to be equal or substantially equal

to the amplitude of the second electrical signal.

5. Apparatus according to any preceding claim, wherein the control circuit
comprises a summer module, the summer module being arranged to attenuate the
second electrical signal by subtracting the attenuation signal from the second electrical

signal.
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4. Apparatus according to claim2 or claim3, wherein

the variable gain nodule is arranged to set the
wappBiouge of the attenuation signal to be equedT/862008/000042

substantially equal to the anplitude of the second

el ectrical signal. 5. Apparatus according to any

preceding claim wherein the26ontrol circuit conprises

a sumer nodul e, the sunmmer nodul e being arranged to

At t eNlaathNeLcERERNG BlifC3 Wwhémdepeh@siabn ity SLERINGL2 (0
t he attenuation signal fromthe secaond el ectri cal

vhegeialthesconobeir aitUis amaasH dpivg QUPRICA e ssmyjpRmodule to be fed
b%?‘?@%fjct%ﬁ{mlo& tﬁ‘@%%rgagle?%a% B4t © 4, wherein the control

'S arra r-an output of the summer nodul e
to be fed back for control of the variable gain

nodul e. 7. Apparatus according.tq claim@g, wherein the
Teont rAPPAEiHE HePT RSO, AVHEHRIR s SSRUCEC safdpmpEfes @ Second

;@5&%&%&&%&5@%& Qﬁx@ﬂd@aﬁ Qﬁgut%i%m to BOmbR APy EksPMiRr with
Irst mxer w the out put of the summer nodule to
the outpuieofahé sursmemingdule & prodicef afirst mrkadatignad farisentrol of the

varj abl e gain nodul e. 8. Apparatus according to any
Yaré @ﬂ{b‘%ﬂi“ﬂ?‘m wherein the second phase generator is

arranged to set its output signal to have a phase
equal to or substantially eg_ual to a phase of the
&i r stAppasyts aesarding @raay precedingshainy whegirbe gpeondirdagny

f i 2 8 n. ' X
o155 OGP SHFRIEHER AR 3
epbalse aghasy Gitthé firdt BRctricalsdigradl i bration circuit

conprising a second processor for producing a third
el ectrical signal derived fromthe second Iight signa

¢ 0NMpQ ath§ Qé&gﬁf?g ﬁ)uaﬁiztcff Alafms PSR S RerbAGh& #hdSorhprises a
uce t nal

arran to pro third electrical sig o
furstt dadibitatiph eirtii fat celitweting thalfirstiphnasd gemorateri e digstacalibration

conponent, derived fromthe first.light signal ., . .
R SHERtising 8 s areser dedap g Bt signaldsriyed
ftd1R thd deSbnE RSt RIgARI éamd;%hémh_sm SR RADEERS ‘wlikrélH At Apdfus is

phase shifter arranged to shift a phase of an output
astagged togfroduse the third electrical signal without the third electrical si gnal

containing a component derived from the first light signal component.

10.  Apparatus according to claim 9, wherein the first calibration circuit comprises:
a quadrature phase shifter arranged to shift a phase of an output signal of the
first phase generator to produce a shifted signal, the shifted signal to be mixed with the
third electrical signal by a second mixer to produce a second mixed signal; and
a first calibration filter for filtering the second mixed signal, an output of the
first calibration filter being arranged to be fed back as a control input of the first

calibration circuit.

11.  Apparatus according to any of claims 7 to 10, wherein the apparatus comprises a
second calibration circuit for calibrating the second phase generator, the second
calibration circuit comprising a third processor for producing a fourth electrical signal

derived from the first light signal component from the substrate, wherein the apparatus
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first phase generator to produce a shifted signal, the

shifted signal to be mxed with the third electrical
waeegnad7iby a second m xer to produce a second PECREG2008/000042

signal; and a first calibration filter for filtering

the second m xed signal, an output of the first

calibration filter being arr2nged to be fed back as a

control input of the first calibration circuit. 11.

is%‘ﬁﬁg@& 3 (RCRBUPro@siR té@pivdde thb Foutth oledtcal QignahwitBbul the
the apparatus conprises a second calibration circuit

fougth edertiidal atgnalpontriniog e samppens derasirerm dhe secped Kght siggal
CcalibrFtion circuit conprising a third processor for
PPBWEng a fourth electrical signal derived fromthe
first Iight signal conponent fromthe substrate,

wherein the apparatusis arranged for th

! . ( third |
13r oc dppaatusgoerrengde clam il ofpemrinde sqond &Pﬁlérﬁa%?lfcult
. I . | a . |
UL RS U RPLSE RS SLAPP ol Al o of e
seonp phasetgendidtor Ap pandateis thirdanixdd signblandlagiepontiicalibration filter

rein the second calibratign circuit conprises a
Retieing i Y SIERE ' ook BRI BB o gpond
i@ cirutiput of the second phase generator to
produce a third m xed signal and a second cali bration

filter for filtering the third m xed signal to be fed

ack ,as a contyol input @f the secan i Qrati
190C & aearDa SR P anall it o RlorbenPGRATaRBbERR Y Ssrare, the

appiRbecsthpRased on a substrate, the apparatus
conpri si ng: a tuneabl e nodul ated |i source for

) . ht
exci itggablsanedulged ekt foursg hon eé?lt%qbi)ﬁ}l%@ﬁce%%aéw}%ir
for " . . ‘
£} oP LB MeclyeP e S0 ARG LERTRARE Rmp A LG the fluorescent
sqihipis and éloaythgenkestateor and a variable gain nodule; a
R RAERS HhBr L S o  Bhaflf o o
a second phase delay generator;

a control circuit for the variable gain module;

14. A method of analysing a fluorescent sample disposed on a substrate, the method
comprising:

producing a first electrical signal derived from a first light signal component
from the sample and a second electrical signal derived from a second light signal
component from the substrate;

producing the first and second electrical signals such that there is a phase
difference between phases of the first and second electrical signals; and

producing an attenuation signal for attenuating the second electrical signal.

15. A method of analysing a fluorescent sample disposed on a substrate, the method
comprising:

tuning a tuneable modulated light source to excite the fluorescent sample;
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14. A nmethod of analysing a fluorescent sanple

di sposed on a substrate, the nethod conprising:
weemdogiing a first electrical signal derived fPOIS&2008/000042

first light signal conponent fromthe sanple and a

second el ectrical signal derived froma second |ight

signal conmponent fromthe sutgstrate; producing the

first and second electrical signals such that there is

a phaseivels if af S12A8 Daipeasils RBASES flabrebteat birhsit aad drom the

second el ectrical signals; and producing an

suttstreteaad pordusingmespeetdve fist andisaeqndpleqidca siganlg; and

el ectrical. signal '

71 o eiEind s BREphest el B RP aRL o BERIIE AR pibdule ang g pecond
pB&ETEIaS ig8fsratod i prodacet dnragaigioneilotiateatdnugtetthessgoudelectrical
to excite the fluorescent sanple;receiving |ight

sighgnal conponents fromthe fluorescent sanple and from

the substrate and produci ng respective first and

second el ectrical signals; and controlling a first
1phasa mefhay of emdysinma flaoscantsmpblispessd onrrsgbsteatanting the

second Phase c?el aﬁ gqgerator to produce an attenuation
apparets of 3y ohfEm§di'€ 1Phe second el ectrical signal. 16.

A net hod of analysing a fluorescent sanple di sposed on

a substrate using the apparatus of any of clains 1 to

13.



