A DETECTOR MODULE, A METHOD FOR CONTROLLI NG THE DETECTOR MODULE AND A
DETECTI ON SYSTEM Cr oss- Reference To Rel ated Applications 5 100011 This

appl i cat iwo 20117881t he benefit of priority of Singaporepappiciedionessl NO.
200908314-8, filed 14 Decenber 2009, the content of it being hereby

I ncorporated by reference in its entirety for all purposes. 10Techni cal
Field [0002] Various enbodinents relate to a detector nodule, a nethod for
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10 Technical Field

[0002] Various embodiments relate to a detector module, a method for controlling the

detector module and a detection system.

15 Background

[0003] Fluorescence detection systems are increasingly in demand, and in particular for
fluorescence based bio-detecting systems. There are generally two types of fluorescence
detection methods. One method is the so-called paper strip technique and the other
20 method is the ﬂuofescence analysis method. The former method performs qualitative
examination while the latter is based on quantitative analysis.
[0004] Fluorescence analysers are commonly used in hospital or clinical laboratories for
analysis and detection purposes. However, these analysers are generally very expensive,
bulky, and the analysis of samples is time-consuming. These analysers also require
25  trained personnel to operate them manually. Therefore, these analysers are not suitable
for home end users.
[0005] In addition, generally, fluorescence analysers use a white light source, for
example a tungsten lamp or a Xenon lamp, as the excitation light. The white light source
emits light in all directions and spanning a relatively broad wavelength range covering

30 the visible light wavelengths. The efficiency of the white light source is low.



exanple a tungsten lanp or a Xenon |lanp, as the excitation light. The white
| ight source emts light in all directions and spanning a rel atively broad
wavel engtworangesseveri ng 30 the visible |ight wavel engtrls/isGRom/oedshsi ci ency
of the white light source is low. Summary [0006] According to an

enbodi nent, a detector nodule is provided. The detector nodule may include:
a chip configured to receive at | east one specinen; a first light-emtting
5di ode configured to illum nate the at | east one specinen; and a first

phot odet ect or configured to detect Sunpieiryenmitted fromthe at | east one
illum nated specinmen. [0007] According to an enbodi nent, a detector nodul e
is provided. The detector nodule may include: a receiving portion

confi gur ¢ghol6p Acesi@ingRo an elbdifRA b delebidr nddile ¢prétided. TRARIecRPtodRRC MeN; a
first light-emtting diode configured to illum nate the at |east one to
speci menmay inpladeirg phip sopfgupd & recgive b least ane, PReginpdy 1 finst lighfeemitting, st

POt 0t Gl o Bl th Situfrhale URC bt 1daNbnd Thicliich; T4 (6 Bhotbdthorone
illum nated specPnen 1f the chip Is received In the recelving portion.

[ 0008] Acoufighiretifotdetearigghh emitedifoah therat least odeilbtinased spesineam i s provi ded. The
detectio t.em i nclude:. a detector ule; a.c I 0 dule jin

ol ect 1 cINOVIEARERTRE o BB dmEnt £ HESHBT BERUF wrarices TSRt o
conf i gur eshytifcladd:| £fekeitingatplich difigufedndfireteitd® chipndWnfighRdttb GeddiNepatof t he
detect or nodul e. The detector nodul e may include: a chip configured to
recei ve #2s) PgsPegipsnshEst ight-emiting dipd¢ copfiuesd; tPt‘FWB“’&F"o@% LA Y§red to
T unp natgechhiéh & tHeCARH i9MEcePRACINTRR: reBldind fdrfic]; AMA0h GHEL PRStOdet&stl 1 gur ed
to detect light emtted fromthe at |east one illum nated Speci nen. 20

[ 0009] Asceuftguiredfotdgteginlight emittediftra therat least ametilhuningigd spesimernifthechimisdet ect or
nodul e i ?ec@{v? iindt%g'r c'el'lk‘\,% m%trggd may include: receiving at | east one specinen
in a chip; 1 TTumna |nggtq1e at | east one specinen with a light-emtting

di ode; aipabo8Eecdrding tb iagdtherasmbidd@terit) D detedinaystemds providedi Theidétaaioad
specimen with a}phot' detector. 25‘%] ef De(gcri ion of the Drawi.ngs [0010]
In the dFEIFTRY inFlude: 3 Aelpdacmogylsr acorird mathls 1 plpcirgplcommuripgiion,

part§s  with the detector module; and a pump module conﬁgure& to collect a sample and transfer

the sample to the chip of the detector module. The detector module may include: a chip
configured to receive at least one specimen; a first light-emitting diode éonﬁgured to
illuminate the at least one specimen; and a first photodetector configured to detect light
emitted from the at least one illuminated specimen.

20  [0009] According tb another embodiment, a method for controlling a detector module is
provided. The method may include: receiving at least one specimen in a chip;
illuminating the at least one specimen with a light-emitting diode; and detecting light

emitted from the at least one illuminated specimen with a photodetector.

25 Brief Description of the Drawings

[0010] In the drawings, like reference characters generally refer to the same parts
throughout the different views. The drawings are not necessarily to scale, emphasis
instead generally being placed upon illustrating the principles of the invention. In the
30 following description, various embodiments of the invention are described with reference

to the following drawings, in which:



t hroughout the different views. The drawi ngs are not necessarily to scale,
enphasi s instead generally being placed upon illustrating the principles of
t he i nverwoani1/d7sosihe 30 fol | owi ng descri ption, vari ousPemscdinm®mnidst of t he
invention are described with reference to the follow ng draw ngs, in which:
[0011] FIGS. 1A to 1C show schematic bl ock diagrans of a detector nodul e,
according to various enbodi nents. [0012] FIG 1D shows a perspective view
of a detector nodule, according to one enbodi nent. 5[0013] FIG 1E shows a
per spect i[01y FEUWS.0FA #o UEishew achemmadiu biyckaliappams ofja tieteamombéule earbadingent .
[0014] FIG 1F shgg&i a sinplified schematic di agram of the detector nodule

of the gﬁ%&ﬂ?%ﬁ{n mepls 1D, [0015] FIG 1G shows a sinplified
schemat i qooilzgm@.rm Df sidviteh §fekpectiRdvik®: oRGCaElited modulb0 a6ddedifigae dodeent .
[0016] FIG 1H shows a sinplified schematic di agram of a detector nodul e,

accor di ngmbedigisat-enbodi nent. [0017] FIG 11 shows a sinplified schematic

di agram e r-oi i . ] FIG 2
shows ga géz%g”rgﬁ c P%i%g%\pg%ﬂg g&g\fg%g\g[&%gﬁtgée@r g@?gfréﬁ ?%S}%l%glgonég (ge}%%odi ment .
[ 0019] Fledbodinehtows a schemati c di agram of a punp nodul e, according to one

ot act | oROUSLFISh VE3RR s eragmaliiod “iale Sbtsrein o dasarr el tows o

schemat i egmBbdigieatdffIGa1port abl e detecti on system according to one
enmbodi nent . 5;002211 FIG 4C shows a schematic dj adgr am of a portable
€

det ect i ofOWAPE FlG 1Gishasysch sigplifiedysrheraptisodipgramof a detector module, according to

10  one embodiment.
[0016] FIG. 1H shows a simplified schematic diagram of a detector module, according to
one embodiment.
[0017] FIG. 11 shows a simplified schematic diagram of a detector module, according to
one embodiment.
15 [0018] FIG. 2 shows a schematic diagram of a coﬂﬁol module, according to one
embodiment.
[0019] FIG. 3 shows a schematic diagram of a pump module, according to one
embodiment.
[0020] FIG. 4A shows a schematic diagram of an automated detection system, according
20 toone embodiment..
[0021] FIG. 4B shows a schematic diagram of a portable detection system, according to
one embodiment.
[0022] FIG. 4C shows a schematic diagram of a portable detection system, according to
one embodiment.
25  [0023] FIG. 5 shows a flow chart illustrating a method for controlling a detector module,
according to various embodiments.
[0024] FIG. 6 shows a perspective view of an auto-sampling system, according to one
embodiment.
[0025] FIG. 7 shows a schematic diagram of an auto-sampling multiplexed detection

30  system, according to one embodiment.



25[0023] FIG 5 shows a flow chart illustrating a nethod for controlling a
detector nodule, according to various enbodi nents. [0024] FIG 6 shows a
per spect iwe 2iws@fi an aut o- sanpling system accordi ng troTsGo@mbe@di nent .
[0025] FIG 7 shows a schematic diagram of an auto-sanpling multiplexed
detection 30 system according to one enbodinment. [0026] FIG 8 shows a
perspective view of a toilet seat enploying a detection system according
to one enbodiment. [0027] FIG 9 shows a schematic diagram of a reaction of
a dye wi t{002%h FaGag ghewd o pespentixe Mievondphoilet seatcamiploying aclecetor sysan,nent .
5100281 FI G .10 shows .a schematic diagramof a fluorescence detection and
anal ysi s 265PEding o ofestbpdifenty vari ous embodi ments. [0029] FIG 11 shows a
schemat i qoomf\fn@b SHows A héfdticQitage s b HreaBBEO6TH g With ¥RAdaDyS tefdRadi ment s.
[0030] FIG 12 shows a plot of protein concentration and fluorescence

i nt ensi t yluonaphew aesorling toraneembiodiment mhodi ments. [0031] FI G 13 shows a pl ot

of protei n i o r g VALl fJents.
Dot a1 Pod IR RGO Bhh G0 a0 otity BRGranf 66 Mt foel BHUEHD FRBENIRL &1 10
t he acconrpaen) avgordingwb ngsouskkatbodinenis. by way of illustration, specific

enodt e (0o RO GLE TR et el et s BT Dl aes RIS B oq i n

the art tembpdiathtsce the invention. O her enbodi ments may be utilized and 20
structural Io?i cal, and electrical changes may be nmade w thout departing
from t he [Q39p&EIGT 12hehowsyanplpbf PRSI, £PNCSATAEGH G nidvRrescance Hensity,
necesgar ial:%rﬁﬁﬂ%%zlr%u?ﬁﬁb&ﬁjn\éﬁts. as sone enbodi nents can be conbined with
one or nore other enbodi nents to form new enbodi nents. [ 0033] Vari ous
enbodi med€831ikYG plshicks aplde vEprotein worhehtzationrandesdtagd, mgcading da yarieuse 25
speci nmen, §§§' tei 19 the at | east one specinen and detecting the fluorescence
emitted FPOATIHEat | east one excited speci nen.

Detailed Description
15
[0032] The following detailed description refers to the accompanying drawings that
show, by way of illustration, specific details and embodiments in which the invention
may be practiced. These embodiments are described in sufficient detail to enable those
skilled in the art to practice the invention. Other embodiments may be utilized and
20 structural, logical, #nd electrical changes may be made without departing from the scope
of the invention. The various embodiments are not necessarily mutually exclusive, as
some embodiments can be combined with one or more other embodiments to form new
embodiments.
[0033] Various embodiments may provide a detector module for receiving at least one
25  specimen, exciting the at least one specimen and detecting the fluorescence emitted from
the at least one excited specimen.
[0034] FIG. 1A shows a schematic block diagram of a detector module 10, according to
one embodiment. The detector module 10 may include a chip configured to receive at
least one specimen, a first light-emitting diode 14 configured to illuminate the at least one
30  specimen and a first photodetector 16 configured to detect light emitted from the at least

one illuminated specimen. In various embodiments, illuminating the at least one



[0034] FIG 1A shows a schematic bl ock diagram of a detector nodule 10,
according to one enbodi nent. The detector nodule 10 nmay include a chip
confi gur edoto1wvegswiive at | east one specinen, a first |i g@orseaviotonegl di ode
14 configured to illum nate the at | east one 30specinen and a first

phot odet ector 16 configured to detect light emtted fromthe at |east one
illum nated specinen. In various enbodinents, illumnating the at | east one
speci nen may cause excitation of the at | east one specinen. As a result,
the at | smsimarmay cduseiencitatidn of thei atbast aniei spbcimey. Aea rgsulintheat leastchnst at e,

may fluoresce and emt |jght ... fluorescence). 4 n various . Lents,
Cho 11 o HHEREa o, yhith o im g SRR 5B By, MBraSE At PR G hea < 0
the firsfluplesdeasty! BCYRioud 8mbodilRRE Sthe Hirss lighB emitéing divds dAekimy be ableask

di agram of a detector according to one enbodi ment. The detector

i t nodul_e 20,
modul e Ze‘lbr?ﬁyt‘i‘lhb?lw&@dé’tBﬁﬁﬁ‘E‘Z‘_’tE‘éPﬁ?‘i“ﬁdped to receive at |east one
speci ffengoojs'B?FRﬁ., IEaRwsRhSRSE BBk FRYralfolt Bt hbdulOhoSRe&dRNS, for
exanpl e two specinmens, three specinens or any number of specinens. The chip
22 may i no¢ erdeodimente®be desentorohedrde 20 oray anqhudera¢hip Y2 gonfigvaerolorreceive atecei ve
the at |east one 10 speci ..ahe pluralit f ch IS inclu a first
chanber B o SebmdP s W dsasD a6 Bpetiich el S JATRRA o ek BoS B T
t 0 recei ¢eaniple twé speeindns OtheeeSpetiineisior any nkitbeebfspeaiatens.Eeship 22 ndalye i r st
chanber 24a,, the second chanber 24b aor apy, nunber of chanpbers 24c is
confi gur gﬁﬁ{dﬁ artelé%ﬁt}ﬂélea"hf’é’gﬁre@f iayé“ @’cPEréha‘gl?eri i regeryeethe; atolgast Oh&ci nen.
The ngspgsdinié. qﬁ@&hﬂﬁﬂy bRcidntbeld hay irehARRG s AambbdT®as 8 ca0edd chanhgr 24b or
15 any nunber of chanbers 24c may be the sanme specinen or may be different
speci meng4b poasehurihrs of shembeass 2dpernfigured tpageeivecthe geleastfane spedimghtaren t ti ng
di ode (L 6 T ER-C ok i QH;THEE f LED
26d, conﬁgérﬁrﬁ]e%cpéh%ﬁﬁ%nm?rﬁat ersfﬁe abt%rPg%st?e %)eggugpem rrg%w}ﬁle Tl rs?é?LED 26a
may be cofithgnbersl 240 is Icbnfigunat & aedeiviesd regpectiveespeciinenhef die dtclastt apre

speci men, the second LED 26b.may. b fiqured to,20 il l.um nat second
SPeci mon S ThE NABEVe SREBRLIN (8 T shehE 20 16 Sreee Sty 4B

conf ihgur ggly fuinbdrlo Bhditets Bictody i (B SEAdBpacififen of fhagtbe UERGEnt@p&iBABCI men. The
first specinen, the second specinen and the third_ specjnen HE% be the sane

speci men (09361 he dptestor spodulendthmay [ingudq a firg lightsmithpe dipds & 3 ncl ude
a first phoh@depesdnoh Paﬁmﬁ z%@ﬁ&@%&ﬁmp&wwﬂﬁb%peorgﬁmmg iRdinfenber of

photodet ector 28c configured to detect light emtted fromthe at |east one
i | 1 um nathedatspast iome specien. f Thesfirsp h&Do2éa sy dre aafignmgd thdllemivategaifiedt t o
detect light emtted froma first specinen of t | t i l.um nat ed
speci men® ﬁﬂn‘?"hg% é}éec?)%cf a?r)ph%l%eo?fé:’f l&ﬁnbsgiéﬁoﬁgyl‘ ﬂgﬁggn??)g%r%eﬁ)%s gldggttgct | i ght
em t bed fleiithate acecwnd sp@daementhehit lehst ot speeiinén adahe tHirdMiERR6c nagdei men.

30[ 0038] jle not jllustrated.in FIG it shoul d be appregiated that
each of teRgurgdsto E]:*_‘E?“%tﬁ, attﬁ’éd SREDE™ L‘]EEBDG‘QG?}, K eOth P %b {Z;%ec fitshg any
number ofpdefin? Gkt SRYnd SpecthéDRRH tHeOhRAGPe@heh Rty b fie AR PERAIRT 28a,

t he second photodetector 28b and any nunber of photodetector 28c.
different specimens.

[0037) The detector module 20 may include a first photodetector 28a, a second

25 photodetector 28b and any number of photodetector 28c configured to detect light
emitted from the at least one illuminated specimen. The first photodetector 28a may be
configured to detect light emitted from a first specimen of the at least one illuminated
specimen and the second photodetector 28b may be configured to detect light emitted
from a second specimen of the at least one illuminated specimen.

30  [0038] While not illustrated in FIG. 1B, it should be appreciated that each of the first
LED 264, the second LED 26b, the third LED 26¢ and any number of LED 26d may be



[0039] FIG 1C shows a schematic bl ock di agram of a detector nodul e 30,
according to one enbodi nent. The detector nodule 30 may include a receiving
portion 3Roeonfirgisned 5 to receive a chip configured topreseay®/discl east
one specinmen, a first light-emtting diode 34 configured to illum nate the
at |l east one specinen if the chip is received in the receiving portion 32,
and a first photodetector 36 configured to detect light emtted fromthe at
| east one illum nated specinen if the chip is received in the receiving
portion 3Bgnédnovéith @fithe Mg Ghowidectot 28a,f the Skcdndgptotaigiector 128bdinddamy34 may
be at | east substantially 10aligned to the first photodetector 36. [0040]
It shoul dumkergfphatefetecter 28¢at t he detector nodul e 30 may include any number
of 1ight 1@{@] i:t@.mcfikmessa {nER i AP biaBRAYn BATRGECS! mBAAL 30SR6idMH St 1 2
substantially simlar configuration as the enbodinent illustrated in FIG
1B. [ 004 bhe embediment The dttectprmndule 30 maydeclude o recaiying portion 32> configorednay be
included. in a 15 detection ste i rated.w ] . for
exanple & ESRYF8I° %ﬁ??l%u rgﬁ B?e%kﬁt%g%ﬁlgﬁﬁgc,wf%% %espfe?%lft{gﬁg{e%g%éon%l yte or
anal yt es 34rcoafigmedlte ilndinaenthegatclpist ont hpedpeniifielie chipOid Zeceiendi muthe

enbodi nments, may pr.ovide detection system such, as, a bj.q-sensi system
for perf SFSSTVERE RATHNR ?%é’f‘ﬁ\?e“eré Wgec%f ggcg red tOfQ?FgcéléngﬁFém?ip Phe
sanpl e, R £QaSCdné§l@RingRd ?ﬁé’cliﬂiedf\ﬁrtﬁﬂ dMip ANecdiNRAA th el rBELIHMS pérlioh 3. BAr | Y

detection and nonitoring of particular illnesses and di seases for the end

users, i ryamenst ¢robddimentpethe niarsy dightsemiftingodiode P4 mayrele ptalepsti ubstantially)

di agngQsi Sq: | tord j treatnment of illnesses and di seases. In
addi Blgon?‘llgﬁgqégh%iﬁggtg’hgﬂﬂgﬁl&%% ‘s may allow the end users to benefit froma
savi ng i 0G40}t shoaldrhersppreciangdahatcthe detaetikr mgdulie Si0tsayt imclude ahp spnberi of. 25

0043] Varj ous. enbodi i d tonated, batt d and/
por t abl ¢ HBEFUR T g R ALY B S PEEBP A SJREHT Py S cHORE T ond

users at sHRIER cotfiburAidhdk Yhel éoldivhant dndre@&LUFIG. 1Be anmount of certain target
anal ytes or biomarkers in a sanple, for exanple proteins in urine, that may
serve as [004d] Emveriapstembodimeents, gg“eﬂ%‘éct%‘f megyle Ji0p 28 4O qaasbe igideddn aong)
failyse, gefebrio 34}5&919% Yiah WS otBMACIUIRD kst dR8Mpledf bdritloR hfodGR dnM/ofia2QNOSI S,
noni toring and ti e y t%reat ment of illnesses and di seases, by perform ng
scr eeni ngumpsinedulé,t for dhiecting ax rhadlyte aryanabies One samplerandseonseguenily thest s t hat
may be enﬁj‘%ﬁed is urinalysis, which checks for traces of proteins in urine
and det effHEE t he anount of the proteins present. Such a test may serve as
an ear |y [o®2) Vagone emboditidhts ahayp pi@idel aldeldcdoe wypemp betsasandbidsemingt or i ng

The. uri néBROPEPHNTAE AFUBEVGATEL 5t SFOPPIIoF EFaiPlt Ry ehriBge, |
Si nceygSertit RS ah @hrly wakfing 8&f inoMitbBRDSRIRE tbridaflindéfetich add@omiidiaRsre of
excess protein indicates either an insufficjiency of absorption or inpaired
filtrati oarticiae illnssies endndissasea dercthe feng usersi wuparbcular the spdusss athoBGer

pr ot ei nur. 0 4d e : f.ok | .ow bt ; rotic
syndr orresfh?sl @ f?ﬁﬁéfil{en%r (rﬂg aq%&’ fSJ nftgﬁﬁ% rag{1 ,tﬁl‘p‘)!rlg-grgg antatglkgf,ﬁeg%e{g:%gsi a,
t oxi ¢ | esliseases.dh alldidog\tBe variius agbodivessuhar albvsthased ugars tp. bepyht fgoh@ | upus

eryt hemat osus),.. dehydrati on, gl rul ar di.sease such as nenbranous
gl )c/)rrer ul Sﬁvé%i‘ﬁtfnf‘%‘,“}/d?%‘&%y CQB’Qﬁ’gﬁt%fna : gc\{gﬁgpg @‘ﬁi‘B?Pr‘%afsr s, miniml change
di segse ([Ho43pVarib@Pdhsvdisdnts iag proviRGimRtorhatél, BakSTY boseleé b o1SpdrfableS) , | gA

nephr opat h i.e. Berger's disease), |lglVl nephropat hy, i
menbr anoYeFRGIeRTRip-SeISHIEHAICHPD SR, fof gxample for end users at home, to rapidly

identify and measure the amount of certain target analytes or biomarkers in a sample, for

example proteins in urine, that may serve as indicators for the presence of certain
diseases, such as renal failure, etc.
30  [0044] Various embodiments may facilitate early diagnosis, monitoring and timely

treatment of illnesses and diseases, by performing screening tests with the detection



15 nmenbr anous nephropat hy, sarcoidosis, Al port's syndrone, Fabry's disease,
am noaci duri a, Fanconi syndrone, hypertensive nephrosclerosis, interstitial
nephriti swoocki7soseéel | di sease, henogl obi nuria, mnultipl ecmsehommposct

nyogl obi nuria, organ rejection, Ebola henorrhagic fever, \Wegener's

granul omatosi s, rheumatoid arthritis, glycogen storage di seases, and
Goodpasture's syndronme. 20[0046] Anot her cause for proteinuria are viral or
bacterial infections, such as HV, syphilis, hepatitis, and streptococcal

i nf ect i oByst¢r0@rd offhe serserifyg ests Shatapdyolsoanpleyedbiy ueinalysis,awlieh shatks forhave

acute kidney failure or tur chroni.c kidne robleminto an acute kidney
failure. ﬁﬂceﬁé)rf%‘ﬁf’w Ph“%‘%eaad‘p@%mﬂlﬁaé’é‘&?égﬂg’ﬁ p§?f8‘6‘§ﬁf"§“5e€“ €8¢ when
there ispdyPEged pdstaxlelaﬂyfa%ﬁffg- nfe¥Rdhish A goientidb kitBle§ Oproblehe A aan

a

infection, "may devel op kidney failure due to the presence of streptococcus
i n bl ood moniforng $yptent by elronispatiants-s normal |y have no clinical synptons.

However, VOl . [ (.al | -tdentify

e R e R S S G e

scr eeni ngf ramt (kidiey) demegdt. iSivessgaine prafiny ard wadilyerdabebrbeinfremnmipepthevi de t he
users wth an egrly diagnosis.of the 30res tive conditjon. .[0048]

Var ous. BISGHET et OBUifales SHF: P EUESPEY oL ADSHP UG P Bpre

nul ti pl exfichtidal Thd indft ddnfnSifEubd6f Frofdififans dihbktes Mowder,gbteanis nfiyr at i ons.
The users of the system may either choose to enplqy an auto-sanpling system

for col | eequridsorineonspfihe foljayring genditiensy pepheoticonydeasigs| (B e-enfrisicsepdeni ng
t t t i i i t th
est ,gu ?zgfjﬁ'ég; ?%%éﬂ@sﬁ? %cﬁrr?gsg,' ﬁ)?;ﬂlzsf% Iogs Sr kﬂinEﬁ, %Qflz{gggovggd’ulﬁ%%a&s €

sanpl e, rine, nua 0049]| Various enbodinents may further
i ncor por &.g aystemizedums ienftematosus)y deinideanons glomeiudar dissases,esudht sasmay be

wi rel essl ent or . transmtted to rivate.doctor, .clinical cepnires,

dat abas eg}ggﬁ)&“}?}ls r%%?rgﬁ’ﬁg?ﬂn &5 ?chﬁé%n%l%i ghome f(g)lnglphunr%lls’c mérrumzf? rcgétntﬁ e
control | afsedser(lipdie né%ibr_eﬁg)i _ﬁﬁaBSéginelo ﬁ‘ﬂal glo]iciieﬁflbs’ﬂer(h’s!id @Escm)prgg_cmr' dpgthlyﬂi t, a
storage unit_or a conbipnation t hereof. I n varjous enpodi nents,..the

i nbedged (i BergeRs discasgktigM n"&?thP%‘gy’r BeBbanogrolif ARy gg’t“?%‘ﬁg?@z‘ﬁﬂﬁse

W 1 el;esslyermbrfad] HO?%y,enigggj,ngm,s ABorty O\riiRore,deFgirl s 0Ngigeasé,em Wi t h
autonmat ed sanple collection, a fluidic control system a |light source, a

f | uor esc eminadidunat Fansompshmdeorem chypegensiveonephrrsclerdsisr nptersbtialspephats, 15

[ 0051] Varjipusye i .Pr ovi. ClLi VSt 110 a1 ght
source | %’8 ua“ieHgd}%%gé’ gr% o 1r0 gﬂ%ilngh‘g{-{elﬁlﬁt [??'%gﬁlg’i {1)182@ 0?%@%)%;Hr%&f_e%5“rlmy em t
| i ght ha¥bolp hemairidgic dviess Wegena's egremdomastosis, eheapmiid i acthens,s giyoogen

wavel engt h rar&gs[%. I n%g?%d?l Eii on, .an LED emts light in a particular

di r ect i oftOTa&g SGERES: AR MPLIPRHTE F%% des a directional output or light
emn SQbon-[ﬂd“ESMBilﬁH%a@ébﬁﬂip?&@hﬁria tdh€ vikal ©F thabeAhl nf@ibngdusk iaarHfv,om t he
20 LED or LEDs may cover a wi de range of em ssion angles, for exanple

bet ween &yRblis, hemptitis, ang steptogyccal infpctiod- pet ween about 10 to about 70,

ggt }[Aﬁ e 2 b 3(?}?"”7 ggyg ?ﬁa%ié{l’@m%epé)ggccup Sladeals bp glf:’rtsox;3 & haveARAH kidfky AALNESN about

en about 15°to about 30, such that the em ssion
angl e mayurbe chipeni¢ kitlbey pioblem 2@y amboue k@oey flore Adperserbwith s@bledidngyout 90.

25 [0052],.1n _one e iment, the.light source.may. ingl ne I n ot her
enbodi 'rre]r‘ﬂsg?setrﬂgy Is'iq%%giys%eg rEsahen %@?rﬁ de & ’g‘f‘{q‘?%?‘f‘t tf‘/l,c%ge%‘%ﬂs? IhFacli))trhyex anpl e,
t wo 12EDs peitsbii,e@hé i3S, arf @ifectionPinagr dévelop kidney dhiliaydueuwbeie pfesdnc®sof The
LEDs may have the saﬁe ((lam ssi on wavel engt hs or _different. em ssiaon

wavel engsfeptoqageys,fn; plaed. dapssalynitages, patisats | nesmally haysne ¢Hmigple symaipms., o ) e,

the LEDs HRevBAYE ofdk 38 aV&ikYpePhaRelr aihasd oNis\RY&kisg id)$denBECH potential

condition as soon as possible. By employing the suitable screening test, the detection

system of various embodiments may provide the users with an early diagnosis of the

30  respective condition.



30 that the LEDs may be tuned to provide specific em ssion wavel engt hs,
being a portion of the relatively broad em ssion wavel engths, at any one
time. [OB3Ip1lorsosari ous enbodi nents, bl ue di odes, ultrgcvischetonfddd) di odes
wi th an em ssion wavel ength range of approxi mately 340 nm- 380 nm and
white [ight diodes may be used as the light source or the excitation |ight
source. It should be appreciated that any light-emtting di ode having a
speci fic em ssion wavel ength range may be used, 5 depending on the type of
SCr eeni NQoo48p Varible cwibvlingen® thile previlyt£SmulfipleRed Sdutgaktion Osystdhe etya used
and consequently t he fluorophors forne gﬂ For_exanple, a.co act bl Li_e | aser
di ode hawukgpl %d&ﬁ%g%hlovﬁ(}%%ﬁ@f Gwo giffergiy contigatigns. hegsuseretnm may
be used @ L,gﬁen?wgt &itePthbdBb SHIEE Gnf fto-baaPif ng,sa‘ehp%re&méaﬁegt fHeom t he
reaction products or fluorophors fornmed between Tgl uorescamne with primry
am nes 1(Sa1{1ﬁle,5ﬁqr ¢xampde juoine, entboeinpletet the saneenirigglest guiomaticallyedr w8 adepend
on th ndhnethef ce or ed fromthe

| .i
illu nat%gg §feéc°|heret3 oM Pﬁabso the Sampsl %1[ A em%n:t t fie exé'l tation

wavel engfé048) ¥ atibes aﬁbaﬁmaﬁts mwd’uﬂngtxhcmwaieemsmhmﬂm m&idnpumi ewsteni,0 each
other within the wavel ength range of about 400 For ..exanpl e,

t he cyamS\’Fé‘ %%teswyltsr‘@ﬁ% ¢ adrefessly SeRt; ffrapsmufls; BJP as%vaﬁﬁra]%ﬁﬁ?f ﬁ‘”&‘&%ces 15
eni ssi on catred PPHbagbOn@/Br rFHAE AEAES, sich S¥BYhdAAhEA Hnlt R @i réBloteCcontrdllérngui sh
between the excitation and em ssion lights and to provide an optical system
to di sti fiepthedetediiontsygerant displey ynit,[agssssing Bpibfaotierags wit e q enmbiastiondi nent s,
the Ilj,gh I fey 40 nm
bet Welgn thhz&gen r %gllbtg ?igirsleg{(%f ﬁ]tléhteh b%%@sﬁgﬂﬁ&g%g%ﬁeg?%{ 3'84 lsrdaﬁ:gg&?rom t he

| i ght souommmmdnﬁﬂmmmséwahlemsl tion of the wavel ength range of the Iight
emtted f eillu ted specine V|de ordrto mnimze
crosst al &6@% Readsi E‘PF]WS{WE“H By H{| tzhtg‘El %%tbqnt g?fsf)gh Vit g?ﬂqo’f’%tF iSPBIi nat i ng
the specicoBRtianth iki@iceFh&sl s9te thhtfsbﬁll%tzhﬂudrleéc@meﬁ&'t&doﬁ gRAuRRRd a| 0056]

In various enbodiments, the dye used in the detection systemof various 25
embodi meseairalayd pormation AYEM-dot (QD) dye. QD dyes may be tunable and may
have ;gn gem(;s'fﬁ YabiBik \éﬁl%ghm{shgfé?L%@viﬁgoa HRRAGh AsERi 33h0R m@l\feéo@mt hin

t he rang about 500 nm - I n various errbodl nment s, Q@ dyes may
be cadm umlsknge i er @@Sé%ht-@mﬂmnwdmﬂ@ (LEDsle AhGdER) may et Kghtraving (ZnSe),

i ndi um pgg%?' de. glgﬁbv)agtalﬁa&gs ora sgec?f?c %Ifns 1})11 waqrefegég r%gglfeﬂl gl(?dl&?[ﬁ%%)

[ 0057] source na

excitati QED &g hglﬁuﬁ&q)artﬁalm dlmeghin fiootheewonly, amLEchmﬁdes spraitiohal noi se
pattern and therefore requires an |cal temt be tailqred to
reduce t IQBPHbP gugsiont VW"PW‘P tﬁggﬁ?‘ﬁ‘é’““‘ S%Sﬁ‘r‘?n\fﬁﬁ"? al‘f

embodiy"eRED oPNEDS By EWePs “aa@yang@@f realgsiohtmigmat fr exaﬁﬂ,ﬁe ib@R¥ben BB6ut> LED
may provide uniformillumnation of the specinen. The speci nen nay be

recei ved 10 toaatuctut 190°,'Shd1 aEbetwasn shoutd Pargehduin’0h betweedapewtt 14510 @bOIIltl ght
emssmn owar ds t .R_and l.east substantia r rtothe
chip. In? rlﬁ Bygen A out'fbhe’ e ai’&?‘sg‘? i #’P%trrﬁfk?p%f%ﬁ 8 the chip
for i 11 usag) hydae 9b°, tsh@ﬂ SREHE WlissiBaYar2f Ahy 88 aBAE! 18°,0fbo8020°t abduisoehi p.
However, it should Pe appreci ated t hat the | ight em ssion may al so ‘be 10at

an angl eab¢1itéﬁ°tahatlt69t’)otnbotuhﬁo hi p. [0059] In various enbodi rrents a
pIurallt f.or exanp two LEDs i |Jum nate a

pl ur & jmgz] e rbpdiment, %Eﬁlﬁﬁf"ércf’ Wﬁiybl?nw roélgq‘@e/ ﬂ‘g‘ﬁ AmEi e al ity
of LEDs mllgft%mdewlﬁawa b Iplu#4tith F ILPDsO fort dx@mplel 6ad IUE]Dspfhré‘epEEDﬁrens The
pl urallty of ecimens _may be received in_a chip. The two LEDs may be

ar r anged Wrtl-ﬂi sprifiyei LERf Qfé'ét’ npmBernt Ilﬁlb‘h?h%l’rﬁ% maydaxg thesame eg’ﬁﬂﬁlé’Pantl ally

faci ng e%belgﬁ%ﬁsr 01a FreRSt BRistion VeRelenSHE Shaith& | dnboRfhddld, Bhe 1.BDS Aychi p.

Furt hernore suc an arrangenent, The |I?ht em ssions fromthe two LEDs
may be prbejttembbdFm@mphethcmEPSﬁmy haIVf: wotativelyi rnadbémisien plavelengthsy supbeci nens,

at ar&gl e%ha? the TEDS I)I(fa%t ?un\éd{r prov1%e specific emission wavelengths, being a portion of

the relatively broad emission wavelengths, at any one time.



[0060] In various enbodinents, a plurality of LEDs may be provided to
illumnate a 20 plurality of specinens, for exanple two or three specinens,
such t hatweaot/dzEdg1i s provided to illum nate each speci wemscGie/opdsgral ity
of specinens may be received in a chip. Each of the plurality LEDs nay be
arranged with its direction of light em ssion towards the chip and at | east
substantially perpendicular to the chip. In various enbodi nents, the |ight
em ssion fromeach of the plurality of LEDs onto the chip for 25

i I'1'um na{00sB] &f vaiah epbodifenspblue disdes,nEliravivlet(U) diodps evidf al®Bmissionhe chi p.

However, it should be appreciated that the |ight,K em ssions. al so be at
an angl eWGYﬂ%‘fgﬂ% Fage 96 aPBrof‘H%atﬁlHi%p 1106350 Wy F“Eﬂj?ﬂiﬁi’@gf a’é?ﬁ‘?%mﬁﬁ ®provi de
an aut 0- 3aaRlsi RY 1igRT Lk A BY SLAAGH LigR sBUiceNRIsREUIABE Qpprebited MRt ARy

including an auto-sanpling systemfor collecting a sanple. 30 The different
nodul es bghtrdmeittingt diode ohavings tae sperifjc tamuissiofe veayelsnethemnge may f oy msthe

screeping_tests. F . I t nC np
rodul b 1 APraE saat oBF T RBebd st B Ehirdh ol K RHL IR, SR & BT 0 4
det ect i odye esdedid, conseqhérglysthafluerdphofsoformed. Hoe ekamplef @ conipioat biueolasaind
testing purposes. [0062] Various enbodiJrents. may, provi a mul tiplexed
det ect i oﬁloggg‘f‘\@ﬁg et Pt"YaFYF%R%t& THRAS taipBWXBP‘gglé{ é‘rqgi%g(?gg}é?@'nl?e {1)5,? | udi ng
an aut o- gapR! ERRftatforS g doffce Yof Mdueil! Mtbrésdeénce Hgth @hé néhcBorl ptciat®rormodul e
for detecting fluorescence. The detector nodule may al so convert the
optical &nerenhays farmgd betsweam Bugresqamincavisl primay andipefmal s. For exanpl e, the
phot qgdet j SR i gt ] fromthe
at Iggst ﬂgﬁgfﬂ umh%g{;&gg&g%g{gi {ririegg}ggﬁs reec‘gsﬁg\éﬁyb%épglﬁdeb%%%t%}gemtsé%%g into an
el ect ri chéncsithedlluores@nco us lightbaditied ftan die illwerimiéd specbwerd Inighecaseah syst em
or the multi Iﬁxed %10 dette tion bio- ensidng{esysjsesggnrra‘yavgértgttﬁer ai n%leude a
punp noddT&™FofYHr xI"ig XNE"LhnPHeE A E e CTTEY HGETMETh ALY dpon
contact widstintiflBy oty legoh dthérBitliin dad wateidnlsth 1AAGCHtboud 400 HO@O nm.

enbodi nents the defection reagent nay be a dye, such a flyorqgenic dye,
to form Eogﬁ@&%ﬁhwyw%v%%ﬁ EPquBey ‘é’fft‘téﬂ‘?n__%%boé?&ég%?‘ ?‘ESJ;B d %h a

par ti;gul %;'s@faﬂ'ayfaﬁodtrs7bhﬁl.$ﬂﬁpéf@remrﬁgma éhafnleﬁk%ﬁgs&uﬁgp dUediwb&Othe
fluorophor). A fluorophor is any nolecule in 15 an excited state which is
capabl e excitatitn bind bmfgSSiOhdégh@s@éﬁt%Pmﬂdéra@f entical systeny tadistinguishethod®n t he dye
and an agl%gs\éltoe resulting in the formation of a fluorophor may enabl e the
det ection sysfl%'m of various enbodi nents to anal yse the chem cal reaction

bet ween {0055HYkerafott, tilh @ addal grsodimerttahs digitl ®urde0 &3 be Ichosearsuchuthat a

enbodi ment s, the _d may be uant um dot dye.. The. dye 20 may be
Cise. | Cadterabor of oot Y 8% R HoRate SarBalpRiyer HEhe, FIETOP CHVSERRP L Gl ar
anal ype Virge i Medighs sdufde) andaRd céitRl pvditidh e MRIveNAGth raidei JeRsligdg) i n

the sanple. A dye is any nolecule in an excited state which is capable

_ A QD X Cj
of exhi biemitieg freths Ulminasdeimeeingnemay bp Psvidedon opdertg mpinimipe crosgt@iksi ty  of
phot o- | ughd\F ARAGEIS bEWRRP td BRAd bR QIGARLGAL HRNGREIA 4l e
sanple, and therefore the reaction between 25 the dye and an anal yte
resul ti ngmissiohtight fpenrelie ilnmofated spesrineescence nmay enabl e the detection
SYSt em ofoddaf LOUSHSIPALIENL Bt 9 EMLYRSA e RN BLGR LARGAT VR igeen the

25 embodiments may be a quantum dot (QD) dye. QD dyes may be tunable and may have an

excitation wavelength below 400 nm and an emission wavelength in the range of about
500 nm — 680 nm. In various embodiments, the QD dyes may be cadmium selenide
(CdSe), cadmium telluride (CdTe), zinc selenide (ZnSe), indium phosphide (InP), lead
sulphide (PbS) and lead selenide (PbSe).



[0064] In various enbodi nents, specific antibodies may be provided for

bi nding to specific anal ytes, for exanple cancer nmarkers, such as

ci rcul atiwg 20umosesicel | s (CTCs). 30[0065] The fl uor escerce/Sdeowobedl may
provi de an identification of the presence of a particular analyte. Various
enbodi ments of the nultiplexed detection systemor the nultiplexed
detection bi O sensing systemmay further include a control nodule for
controlling the detection system for data processing and for exchangi ng
dat a or i[0050] i adsusverbodithéms, caly lighttsbese miat bbd asak asatiet/ excitatiomlightdevi ces,

such as a han ? unit or a re(giote controller fo e deft ection system of
vari ous é%&%l% ght sgurge may dgtredugea specifi cp‘?od?é?glmf‘l‘ga"aﬁ]i“ire o 'SHYFEF8 unit or
a conbi n@hiicsyshen anf may Be ¥flbic@ US reIBOME HBRE assosialed v@ﬂhQB@ﬁ?ﬂ Reurg®y i ncl ude
mani pul at1 on of the data, analysis of the data, plotting of the data, etc.

[0066] | 10058} invasiospemhodiments, oncHED may bspravidedsa ibiraingts a spepimemd Meet ect or
systemo I noti on.
SYeLet OF Rl BHLE BhrbHoNiR SRRl BYSHETMER RSpLaReya) il

mul ti pl exeal chigtﬁh:etLED msapsheemrangedawith its |dpb@mcbfd1ghemsmqn tnwar@eths chip system

1 dor as e AbleaS BNy Srieroaginte dhe: it ths Samoaieags Hrud%: ne

det ect ablefissRadidRs tHeS BIMbixtofty ¢ris! fdrnl Niidats6RHE Spedfmdnfaybdatyihanglehus
avoi ding fal se tgom tive results and increasing assay sensitivit

FI uor escafPPietojthe ghipsHawever,) i houkkemapprecigiedhthat the dighteymisgon maya i/sy bgnder
m | d ond %Onﬁqcﬁﬁ?rt}hﬁrddg?o ecﬂ}gnes in peptides to formstable and

rel at veIa |"tior'escent” ‘conpounds. Therefore, fluorescam ne may be

sui t abl y [0030f If 4ridusUitpdRhdnts; adplaayity bf RDEDE ot exhinpleatWonDEDS) thagldiei vat i ves
or the fluorescent products, as _a result _of the reaction between
f I uor escarmvideddn dluminate ainkyality ofspeeimens o {as examplg v 8F (heeF sRevEICEBR NS of

appr oxi M3f ey 9P9EDY mmfovzﬁ Wifolrh anaxﬁmamv 8f PRy STt pBtithd. yrHever | aps
th the em ssion wavel’ength or output wavel ength of conpact blue |aser

d| odes opluaglly ok ispesira¢ns mosbe woeiried mwhickin. Thetved bEDs may breartanged #itht he
exci tati gn, a&*&gmﬁ%yg i e{ﬂg&% fllya% SREMILR ga%glg ch e Gaa cﬁ%mgr 4h anino

acids™in a bora yleI uoresc uct or a f ophor
emtti ngldalswa:bgtraﬁﬁailyf ﬂ»arﬂteescehn:ehlm memmmehmstgmharﬂ&mfgembmuthﬂﬁgm% nm

I n vari ous . enpbodi fluor scence ve a Ien th of ,about 485
nm Any GFETSERE eu'é’\‘o Eggﬁw PrPE eHi}%%fﬂlél éh‘m g a

non-f | uo&,ﬁlgﬁﬁpgpdgﬁggﬂcgt,mg‘f@g &tapbRXiRAeRa Swdib¢b. not i nt erfere WI th
guantification of the am no acids. Fludrescam ne can al so increase the

det ect i of0Q60kin varousednhbodimenssi acplurdhiey of $IEDsf m@bbmm\éd@etoedwt@@r ors
P pliatt o Rciflend (ol URAERE e o FPURE! Fecintiths g&%%ai Qachaf 1 BUR

enbodr neR uorogeni c rimary amnes to form
fluor escqsftivup:ﬂad umhmlnmy:able spes@men. "IIﬂlesﬂmﬁlhtymfcsgmmensdme}s bk medewetd inlaut ar e

not i m h 0CcC none

5,5 -di th bﬁé‘gf( of ﬁ\et B’i&gﬁ'aiogﬁ ﬁaya‘% ?’E%{PS%‘; its) 15?&“HH|°£ rfight, emission

di car boxdwighy dge (MpAand at least substantially perpendicular to the chip. In various
embodiments, the light emission from each of the plurality of LEDs onto the chip for

25  illumination of each of the specimens may be at an angle of 90° to the chip. However, it
should be appreciated that the light emissions may also be at an angle other than 90° to
the chip.

[0061] Various embodiments may provide an auto-sampling detection system or an
automated detection system including an auto-sampling system for collecting a sample.

30 The different modules of the detection system may then be automated to perform the

screening tests. For example, the detection system may include a pump module for

10



[0070] The reaction with OPA is generally perfornmed in a borate buffer with
13- nercapt oet hanol (HOCH2CH2SH) and the fl uorescent product has an

exci t ati onoRomaveaisengt h of approxi mately 350 nm [0071] pChsGrem®beden W t h
NDA requires the presence of potassium cyanide (KCN) and involves the
gradual addition of NDA to the primary amnes to prevent precipitation. The
resulting fluorescent product has an excitation wavel ength of approximtely
445 nm [0072] In various enbodi nents, the excitation wavel ength or the

em ssi on aueuRtieNt frotidinga fgeexample, ahafleERslutioy ahd asdebestion réagbhty tcdret r ed at
approxi mately 380 nm whi{;rg t(ge wavel enqth range of the light emtted from
the il | uftPRIE SforpaPRUMCRLGF dstection@diRingPIPOEEt r ed at appr oxi matel y 480
nm 1N Vagied) VaBBRo UniBeinsentd NEayi frbREENE EmbBRpIREN ddi&ti6RNEystim P&Siat i on of
t he em ssion wavel ength range fromthe LEDs and the central position of the
wavel engtmultiplened détectinm biqysensiagi systeah, f inshadinge an| puipisprapking Sygemnéd may be
at 15Least, 40 nm in_order .t o, i r ri

enbod% neﬁ?%‘?cgl%%gﬁ or*M lF’ eanE I?D‘sig?ﬁ%?/ e ‘;ﬁl(r‘got\%§ ?%%L&\%gggﬁ%g&? ég "féiﬁ:]. %@%{%ﬁr

wavel engitbdukngey afsoemaherothet biticahsignals ifbucrescEids) ey exetrivd) sighakl Boror

tunable to allow flexibility in the choice of the excitatio vel.engt h.
[0074] | §X3rapled %Pé‘ﬁ‘a‘ifa‘?%dg the detector faqdy m%%‘%ﬁvﬁ‘éﬁ’erc!é%@? ditom heq” o
| abel thegt g deCifluRindidt $PREinRA driNfeeivelBP kRS phdtbdte®IraiGiol M Eléctditalt he

detection system of various enbodi nents nay be precise, and the sensitivity
may be hisignal. [Marigusiiembediments ofthey mulsiplesed dpteation, systame ok ihe yayluplexede are in

t he der . ral . I f I odi nent s
my aP1 odeBLip U PRESAMPmay At Ehdchkds UhBHPHEIE for APl heSaRRL TP
sanpl es atithnodatectibi evagént tieat uponcgntag withethh enadyteclaiha detectable kpaciesTie

detection syste 5 _of varjous enbodi nent al l.ow t det ectj gn_of

pr ot ei ns ,"a‘F‘%}s eé‘igfﬁﬂ?%’,ts é’te ‘13%\7&?% TSECT ey %ggye’ Saghn s, A °f°§e%licid|¥| S screen
tests, f @SmPXERinenbyith e ssthplesblédied EhdOFk midricabt willya partivilaicanaBasinngs of
0.15 nmg/nmd (+) to 0.3 ng/m ,(+¥. Therefore, the_ detection srxg(ﬁte of
various drswaIPHeRterma Jluprescing addyst (g fuproplion: Aluomephop 1 ang MUEFUS 0 om £ or
ear | ysdeLachipd g Wﬁf}htigrda?ﬂ)lé)fof R&hfbitfidl AhorbdcdbRRS Aerefdle, HHeSRagRm for the
end users, In 30 particular the end users at hone. [0075] Various

enbodi mebesveratheptyoand @n anatytetreltingdd thpeforpationrpfayidnosenhor mayenahle fieexed

det ecti on _hi o-sensing.systemw th a fl exi [ ' ) r early
war ni ng, r&atgftéoé]t ?ygﬁémaﬁgv#ﬁ’r?? teg\ri\ﬁlo?]lén egqs 1]8 i %ﬁfl QIFCSH% %%ﬁ%i g%gggrﬁéétg{eg%g%es at
hone. Thdyeahdht andlytsys thersample. perform a nul ti-point quantitative anal ysis

of multiple _analytes fqor .5 the sa di sease or. a different di . Such a
mul ti- poﬁ?ﬂ‘sﬁﬁ‘éﬂg’?‘t“gﬁ“g’é’dﬁ’?ﬁ’ltﬁv g%&%a‘?%ﬁ" Z‘i‘i‘l‘ﬁﬁ“’f”é’n‘g’g L@m %E'rf%e?ﬁﬁz&eor -
nul tipl e et &Se, ddde/24Se, T dwistdn@ PbStNEnIQ@DEd el iy HIS Weil AOpard@ilarous

enbodi rents may performa nulti- point quantitative analysis for sanples of
di f f er entangsiei i prtibodies dAbheembiging ity therplevans @ntigans (4g) Enthg sambleof | oggi ng

|10 LNOBIGHRCLI Y RYRLEAR 54" Uxdicl! i€ R S RhpdbftP BF Iekhibfiinig Phosiser 10
| D) and passwor d.
luminescence when exposed to UV light. The intensity of photo-luminescence is

proportional to the concentration of Ag in the sample, and therefore the reaction between
25 the dye and an analyte resulting in the formation of a luminescence may enable the
detection system of various embodiments to analyse the chemical reaction between the
dye and the analyte in the sample.
[0064] In various embodiments, specific antibodies may be provided for binding to
specific analytes, for example cancer markers, such as circulating tumour cells (CTCs).
30  [0065] The fluorescence detected may provide an identification of the presence of a

particular analyte. Various embodiments of the multiplexed detection system or the

11



[0077] Furthernore, the detection systemof various enbodi nents nay be
adapted for analyzing different sanples, such as a bl ood sanple and a urine
sanpl e, awm0datogsision of di fferent diseases. In the conPextSGabiowasdicous
enbodi ments, the term "sanple” may refer to an aliquot of material,
frequently biological matrices, an aqueous solution or an aqueous 15
suspensi on derived from biological material. Sanples to be assayed for the
presence of an analyte by the detection systens of the present invention

i ncl ude, niubtiplexednidtection Bidb-Sensings syseesn thgmigdratisdudd ysaings] nsoduteaddsrs, and
purified or rtiall urified proteins and ot her, hi ol ogi cal | ecul es and
m xt ur es P ]g‘&ﬁ .tﬁf?\lé%t-eg'i‘?ﬁ tsyﬁ%me){%rnﬁpt@sp@]cesgglﬁp% ?’yﬁ?‘%ﬁﬂ‘gvgu 4y n the
net hods  @ffotnitRioh WiBH ElifiEhl i cRftrdsd Gataibi¥B aiiek RaictRHe @AY sifchUdsdS haddhBld20 as
whol e bl ood, serum plasnma, cerebrospinal fluid, sputum_ bronchial washing,
br onchi antnii$piarrgmets, canirpHer, fos dheodeteqtippysiystem pfgearigng emh&}lwgme% dispkay|
secretions.. o / 1 I L it I tears,
ol va, i ppReRE Al ELBFke ohitf S kBl ¢ M YahOR! dpbddiebis, | B
such as dathlpraebsing may inokudn atanipugation iof thealasy exdlysensf thiridath, pletying of they not be
fixed; and cell specinens which may or may not be fixed. Methods for 25
prepari naa 18t ein extracts fromcells or sanples are .well known in the art
and can lpsoe6E aflivarious daibolindnts, @icdféw to? thdtahple dhroagipihe debeatorisgstemngrat i bl e
with the detection systens of the invention, ,%8078,] I n various enbodi ments
the sanpiRey medyle ofthe detsotposystemn gy Pe hased RBdWidieMEEont he anal ytes to be

det eqped g9 %rﬁiug%mb%@n{egg,sgle R1Abh TGk uskE H tHE thulfiplek&d BetBBionbe uSed
for a particular ,type of sanple such that the detection system may be used
t o perf osystah forer endtipdeved edetestion due-serisimg sjisfefre mayt be gplys, forf exampht @s usi ng
different, 'test .kits or chips. Accordi ngly.. i f various
enbod meRPeRasns ot fufhediy 15 sih S bRttt dhe 350 8FL DOPRRMIC I B, Tor m
or det ectheomtlvamagethabthe dstectablti spkeiee vt ortifgrtned dapliceprefance f dld ddatyté,ypes of
sanples, for detecjing specific types of. analytes or. f det ecting specific
P heos 4 veiotalst pobive regalis AR Es B der GRS ey s IE 2

embodi MeRhs ARbfesdent fageri Bak daktsirBad§n@EMhg cOhdifiHseMth FEMASHnlbes @St S. New
screening tests may also be perfornmed using the detection system of various
enbodi nemersidgs t@ndorh establrevindr relatiyelkyy bighly sluoggseent oporapunds. o Teergioye| oped
for screeni ' S i fd Yt | HKer.s. 1] For
exanpl e, ?lpglggcgna y2|a2§%a5%§?@gd§ g‘g% %&f%?%ﬁgg%gﬁg t{)tggpo %C%P?%ggiﬁ

di seases dedvati®eparthe flubmsceneprodiits, asm resultpofithe reatteonhedwekn: hgirescaminse

devel oped & d i ncorporated into tﬂe.det ectio sgstem.an% tg%ef O[rgj t he

bl ood t &0 fh BT ARG s an g welspethy, PERRENIPAEo A% Bn TBsger 1 o
faci lhht akgci@figh Wedvelenfth ubbtentilly évwepaps ithSthednsission vanaleytk Sorosutplitseases,

t he detection system of various enbodi nents may be caonfigured such that the
test kit wovelength ohggmpast blue sasprdirdesof paprgaumately Az +JQmup Whish deesfens, 15

[ 0083] '%ag%%ug&ms%ée;&itathﬁ{I'iQ%'%mﬁE@?Od' ments, the term"analyte" may nmean a

substance or a constituent to be anal ysed. The anal gte may include a
bi omar ke {0068hElugreseamike reagtsyinbrecends avith aminooacidsxiangpberate pufferde yiddriane. | n

vari ous embodi ment the anal vte is... t .de.. |
enbodi rre‘r?i]tugr,es‘ferégprgﬁ%‘fty({rea can. é)?aem?ﬁtj@ gliu%'éé‘?ldﬁﬁoargﬁg%{egﬁfm 3%a§’%‘%§%t§/'dr ate, a
|'i pi &5 aof abdut d60-48Y noi e varifus @mbbdienewnay thetfluotdscdrice neayi lmak aovavelength

non- bi ol ogi cal nol ecul es, ¢ | exes .or conbinationg .thereof. . Generally,
e anal 90 8ot 485 a0 T8t eSS TS A 1ok i BRSSP GO 44T G f 1 o
a bi ol 0gingAfuSRYGE podeh, dBidAaktRIdréwould Riahserféte’ @ith qRhmiTica@én afine!

sanpl es. Additi onal Fy, however, the target may al so be _a snmll organic
conpound amirsacids. Blugfesepmipg ¢ag-alsoripgrease the deigraion limitas ayellasaeducadhedisk| e

pr ese,':]t !o?psggﬁ)lesmltign egérsl-cgglﬁéged M]thE lﬂ?e M\ﬁf%scgt n¥(ﬁ£du?€ys enbodi ”?”t s, the
term"chip” may mean a contal her or a conponent configured to receive at

| east300n¢00G9k i varivus Embodihieptspother fhodroghaicadytee sithidhi rieacd iwith frimariyiaminéshe chi p
may receive the at | east one specine or testin ur poses. . n _various
erbod et o et TR ERY 8BTS DRss Faoels Bnr e al afomig the a
| east one speci men. Each of the one or nore chanbers may hold the sane
specinmen or a different 30 specinen. Each of the one or nore chanbers may

hold a sanple or a specinen having thg same analyte or analytes or a
different analyte or different anal ytes.



[ 0085] In various enbodi nents, the chip may be di sposable. The approach of
usi ng di sposabl e chips may allow the detection system of various

enbodi mrenwe 20a/sosshared by nmultiple users. This nay beprCasiGitaved by
creating and managi ng different users' profiles and IDs. 5 [0086] In the
context of various enbodi nents, the term "photodetector” nmay nean a
detector or a sensor of light or other electronagnetic energy. In various
enbodi nments, the photodetector may be, for exanpl e any phot odi odes,

aval anchgnfaete distiesdialdBigide TOIPA) PEfi€sccdnones 5,5 pdittichis|2-aitrobarbicsacid)

phot oresi stors or phaotoconductive cells generally known in the art. 10

[0087] | ADNAB) arhnapkihalpneg- idyaebogaldelyidsdiPA)- t he term "chanber” may nmean a

chamber i O]sULLRRITRYerkdriid O RaSGRatt BTG Wik gemain in
t he cha eqﬁ%gngﬁg%ﬁlgw{tﬁ g%?i gué errbgﬁli‘er:rents, t he ch?atnber may. beﬁ_a

react i on mehaptvethandle (HOSHRAHRSH) randc the rftuonespend c praductFdias eapp reprikation

speci pen _ingluding a _sa d a dye may be provided to the chanber where

a readti i’ OeXIglam}ie and the dye nmay 15occur. [0088] In the

cont ext QIONRThe deacasb adhreDASTeqliifss the prasémpari poestiunegyanidar(KENyi antdur e of a
sanpl e and any auxiliary, or supplementary material, solution ar reagent.
The auxi MVRFYES ge %ﬂfb’ﬁf@%é‘i‘ﬂ“a‘?fﬁlﬁéttgﬁ?ed?“}g% RERGES o B’Pe‘f?rgé’éfém‘taﬂ% , for
exanpl e, rguitinkfRibre3@ntpioalict®as &n S&1t8EdH Wikl @RBEsHapploRintAély a4s nfiTbodi ment s,
the specinmen may include a 20 sanple and a detection reagent or a sanple, a

buf fer sd#Q72] & vaninsemhodiments the exwatien wayelergth ppithe emissipp Wayglength

enbodi, nmen e i e N11:\) : ] 380PRht whi medi cal
di agﬂgsi srénsgf: k%ﬁlgg%e%@?%h%g ygset %ﬁqﬁgétﬁg? r%gﬁ?(ggtd%ﬁﬁ rth&i[ggglzlt%ct I o’ansnglésjtﬂee m and

t he test wavélsngih raige p§theflightermittad frembxbel ilineminatedrspecineenadaphccthbstantially

environmental, nonitoring anpd for _use in other indystr.ies, such as.the food
and beveCSyEdA aipﬂf?ﬂig’f‘arté?' #ﬂe‘mﬂ)h]é?r Y?ﬁ‘(?&ﬁﬂ“%&?‘n}eﬂﬁu gferé)hgﬁ?gcet ﬁ%‘"&%%ﬁec al

i NAUSt Iy cerfiP pasi@dd 6N the emREiBA waValeh@hl Sarpeifaeh R MEDndttheceittal pasitmed
detection systemor the nultiplexed detection bio-sensing system m

) . . y
i ncl ude ohéheowayalgngthtaes 5 thenlight smtted Framnthe AN yrainaled FPEFImEH MAYERS 74 cal
co i call |t ihiEe cdbddieach nodul'e performng specific
fum?ongakE@C#HO@@mWe%c may be a detector nodule, a control nodule
and a 30 [A73p Imodtibws. embediments, one onondrs bEDappax dbeaprevidehawhergia e nor e
ot her nodul es may be .incarporat in the d i on.sy of i QuS
enbodi neﬁf“g“&"&‘”%’g&f‘%t}‘m% °%°g’e°§i S T%% r%otrig}dﬁbagl 20 a\?\;h‘gﬁbﬁé)éégéggy to
per f or m dhlldvefeibitity Baheeividedftlesdxcitation00BElength. or der that the invention

may be readily understood and put . .into pr.actical effect, rticular

enbodi meAYE4hin Yar cHeoHESES; %&d‘fﬁ?tw r%%‘%ﬁ%}sé?e‘gf‘i’olaﬁ%tthel W&tions, 5
and wpt h if gfeSfaGeme §a91ft1é1?tﬁ‘el QSicvity 6089 Akteblida syblend BOViTioas RAbS@a&hisve Vi ew
of a detector nodule 100, according to one enbodi nent. The detectaor nodul e

100 i ncl wmiwdeepredisshand hgsesithoty, may be highy Injaddition, astthp repgéomtime andiicect i ng
corponertals sk Pl SIREAITIENLS il Ay i of Vsl e
subst ant iealbbginikntl may atow afast| dnalysiy anidt dllosadétedioneof. analytes in the patients’
samples at home, thereby catering to the home healthcare market. The detection system
25  of various embodiments may allow the detection of proteins, for example, at levels of
0.01 mg/dl, compared to clinical screen tests, for example by the dip strip method, which
may provide readings of 0.15 mg/ml (+) to 0.3 mg/ml (++). Therefore, the detection
system of various embodiments may be used an early warning and monitoring system for

early detection and monitoring of particular illnesses and diseases for the end users, in

30 particular the end users at home.
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[0093] In various enbodi nents, the chip 106 nay receive a specinen to be
tested, the light source 102 nmay include a light-emtting diode (LED) to

i Il um natwot2ba/gpmei nen and t he detecting conponent 108 pomsG2owloueisr a

phot odet ector to detect light or fluorescence emtted fromthe illum nated
speci nen. 15[ 0094] In various enbodi nent, the |ight source 102 may incl ude
one or nore light- emtting diodes (LEDs) functioning as the excitation

| i ght sources, for exanple one LED, two LEDs, three LEDs, four LEDs or five
LEDs or §0o7shWatieus @inbofHdtents tmghguddddea apyltiplekeat etbtdchian system or a
light-emtting di pde haying a specific. em ssign wavel ength range may be
used, deﬁé‘ﬁféﬂqﬁij’gdﬁteﬁﬂ%ﬂ ng.enﬁlf‘g SYTEBNYVIR 3t eg‘t‘tfqe tdmgnggwpﬁgt??ﬂn ?‘%eeag?fal ytes
in the 2Q 830! tectibf MAMCmUSRFin2N6l AFRSERUEREskos hiE diseates Qb tufk. fiemed. For
exanpl e, a conpact blue |aser diode having an em ssion wavel ength range of
appr oxi mdetestipnaystemimayperfpmp dyauliispaintanantiativeanalysisiof goyliiglg andlyigs &8 f or

| nAuck NGl UASRGRNCS: { Bt BiskRACShA %ﬁﬁg@%@ neilAiYO LRAYGL Shal YeTEd

bet ween F UOr 6SCaM ne W t primary am nes. ? n the enbodl nent shown
in FIG &ibulthheuklypetfosmd foemiBplé malytebes a first LED 25 103a and a second

LED 103b first LED 103a and the second LED.103b may have substantially

simlar L%yggpbﬁ&%% Eéené‘?t?%m&syﬂfnf‘f rvéﬁPuse?ﬁlE‘%%ﬁnWé%/ %%g)flﬂsa. ml'i%}fh of the

first LERoihPGeantitive Realwerfon sanbyfiéd HQfferetepatibins,iby eithacplacial theassrkiti cat i on

with, for exanple a power source and/or a contrgl circuit, via an

el ect ri c8r clipead/enlaagag ity thedetectiopjsydgm usigg adifferpptaseridentification uEsH 1034

may t}gveg% ré{?gmgpdi ng first electrical 30 interconnection "El' while the
L 1

second may have a correspondi ng second el ectrical interconnection
“E2' . [ 0W9@)] Fitleernietee thicodetentidn| systeédOofivayiofis) emhedinients| male be aflapteds for104

arranged _in front.of the . .light squnce, 102 | ] I 1.58] o of

| i ght ha\%"ﬂﬁmég aﬁ%ﬁ%%ﬁ?&esr nctéleascao rl(r)%dsSpacl)nr*)gﬁE %ngf% %&\t{%]géigg’rlé’ $ ;ﬁ?g?\@eagd\?ecffengt h
range of diffegeni idissdses. BDthHODateanolf ‘di@us anbedimbdiE) thO Ribm "sdrhple” mapedferng t he
remai ning |jght, such Fs back]g,r o(gnd | ight. or stray light, 5 which may

ot her wi o8 AU PERBISREL AroarenY e HeRlgTHEERs: o ROhP} VOGO ARFRS, 1 he
filtgs 1QdpBRYorfddriR¥d BBMYbiIMBEcalGhatbid. SWRYREAEBE Bssfaf&gﬂr tHe pr&Rn&BfSEI ON
wavel ength fromthe first L 103a and the second LED 103b to pass through.
I n vari oasalggihodtheedetestion sesterns pf thel presephyintsatian yndwle, don examplerceener al Iy
known in.. j.Qu ' . ' . i ncl ude
oneor niFae icorendis Heplh, YaHCR anf IRARLTRE i Dipuithel inmba' 0% 0
chanber s otiry biglogitalembleeulep@ad memtusest thetdod Nandinfiting resphples ofi @ampleased on

the sanme analytes). or differ f1 uarophgr i e. based i ff.eren

anal yt es fyp"ﬁh&\}‘ﬁ?ﬂ) ‘Hdﬂeamﬁtifhf"ise&%? ‘%V%E’“d?‘g‘r“feﬁ’r"ba&?&?@“ﬁ’%‘? gg‘?’hﬁ%l S flﬁ:iel

chambgr s agRsole®lcvaNiceivifi Opladntd, cersbdRpifal flayd, Bptuindbidgctialdidshizgebroncisici men
with its particular analytes with their conplenentary dye.to each of the
di f f er enBSRIRRTDRIRS, Sefpen 3YIHPR fluids igd pEou FECrapletertrbiAng 8f thidewPioEyent
chanber s ;andi,pr gy genﬁeu&lasig, h&S SBhrs 0yh8ivE ORIk SRR Blo¥d (lIs2 nSRESthds 4ndt Ype of
anal ytes present inh the speci nen to be detected in each of the different
chanber s the 3¢9 8joldgical flnidsisucte abeadi erduressuppmatansl Agpue lspectmens Whigh meyhors t o
the different ch rs. l | ow d Lk nat i r ikng of the
f1 uor esc@ﬁéneayr%%%f’t ?Xﬁé’ ?%?dg?ﬁ%tﬁ?gm ? % %&%@gp‘ﬁg §pg{r2ilg' ’@EB???‘S@@S{#%?%E‘? cation
of the aypspages prbse Rktraits Gomotells e samples Gd aell dmalvitiaghe arttand cahdwrber s.

readily adapted in order to obtain a sample that is compatible with the detection systems

of the invention.
[0078] In various embodiments the sample is urine.
[0079] In various embodiments, the analytes to be detected are proteins.
30  [0080] A particular test kit or chip may be used for a particular type of sample such that

the detection system may be used to perform different screening tests for different types
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[0099] In various enbodi nents, providing a different type of flu. orophors
to each of the different chanbers may all ow sinultaneous detection of the
di f f er entwdl2eowepizer s. [ 00100] In the enbodi nent shown ipaTRIGE10MBY461 he chi p
106 includes a first chanber 25 107a, a second chanber 107b and a third
chanber 107c. Each of the first chanber 107a, the second chanber 107b and
the third chanber 107c has an inlet where the speci nen may be provided to
the chip 106, for exanple via the first tubing interconnection '1', the
second t @bkdigplesistigcdifforat festrkits dr chipsl Adeerdingly,dh¢ ddieatignispstenofvakadtsi on ' 3'
connected to_ the respecfive_ jnlets of. the respective f'gst chanber 107a,
second cKESAEMER7RAY: OEWiq‘ﬁerS’éf CISAPE festspipie F\S%fﬂﬁ?i?f g OB SRR t he
first chapdgh bk %hth ARFRAH GRARRPAODP paInt gl ahariprss, 107 deBamgan

outl et where the specinmen may be renoved fromthe chip 106, . for exanple
via the $pecific typbs ofj analytes ovferedsteching ' sgecifi¢ idness @b discasgbimhghis Magr BSnnect i on

"Y' and the third. tubi i nte - L Ol Z' anect e %%{i&e' ctive
outl efs gf’te‘ft e 7 sée%céﬁg%ﬁﬁ%rSﬁ@%ﬁﬁ”%%%&%é%&&%@@%ﬂ% g?‘lrg er fé)@%glgtnd third
chanber 3&éening @0 MNé¢w béreatingitests myabrteqiedfonded isarig thh detettiqn sySemafy have
any nunber .of chanbers. 5 For exanple, the chip.106 haye pbetween one to
ei ght ché(ﬁ%‘é‘}sse,mrl’aoabﬁﬂené%asoﬂ’g ¥ or ‘t‘%‘)%er‘?atﬁﬁg?§ ,orf’gﬁ%/ a&%itﬁlgg)pg& i X
chanber s sgeefihShdw 8RH¥BEHSpedific ¥yt s teoadegent s, the nunber of chanbers
in the chip 106 may correspond to the nunber of types qof analytes to be

det ect ed [0083} Fexexepipde, forfanplyging# Hloed wample {psdhe dateching of cartain diseasgs: Be
detected,  fi 3 : A j i ] fREEintEaeh of the
fi veclgi fi‘oémfrﬁlé:%lt§I %g@fgggf ?/l%lg?&ng‘g bggeog(fkétig{ggt}}e% ?%lr%‘bg%gﬂd ﬁ&@{pﬁe fil\% chanbers.
Pr ovi di ngetectpinsysteintand dlierefoeentherbdoddaest imay e esrricd @utusing thasaoeplatfetmact i on of

di fferent tes.. [0Q | n var.d ous odi pent t he det ector dul e 100
may i ncl E%@ighﬁﬁﬁgﬁ'toi fg“g‘ﬁ%g“]rﬁ’@ﬁ'éﬁt‘)ff%r?ng g)ppcféto gg‘.nlqi%s VHE2PES rtd?sﬁ"ésré?’

f1 uorescancet@tioh sgiém SFviticd chiboinides thhybé opifigused such et ther eét kithanmber
107a, the second chanmber 107b_and the third chanmber 15 107c. In the

enbodi meshiPdRNe defachatly apnged futhg deteei N YSEBponent 108 i ncl udes a first

phot qdet ¢ ] I fle' con@xSECARGuPLAbRERERS HRE tehd ¥anal el nﬁﬁtd;eam fbahedet ect or

"C V. Each of the first photodetector "A 1 ', second photodetector 131 ' or

thi rd phor adenstibicot to b analysednFhdhranalyte man inclusleaiomerker. fhe pjomarkes mayber
107a, second chanbgr 107| an.h'gﬁa . 107 . | far

det ecti néefalnuaé?lélg’cg’ﬁgé%rniglg u ?{u&{a}y][ r omg’t ﬁgsﬁolj?greg%bﬁg?%&?shqgéagﬁég@ lg% t he
first chpmhen ot @éptides &c othdr ernbodimentd,0fib analghetdan e achichdieacid,0v baptém asuch an

arrangenent, the defection systemw th the first ot odet ectqr. ' Al'., second
phot odet éé‘ﬁ’B’t‘y‘ﬂitS{la ﬁmﬁ C%fh‘?‘)r/ad‘y Shae ?Wety@fllggloﬁ‘& ?fé’togic:i?(’lf)?]ﬁ?}r escence
fromabl UKARRREScnipléRS o ichmbinatiiEnaéred) GeneraRy,0hél afidipiehieill Held Proteial t hird
chanber 107c respectively. [00103] It should be appreciated that the

det ect or Papfifle earbelrydrasg ohlipid dsriyediipmay biglogisal sonmecyeh acbastenial.fgpgaby anpl e
bet ween o9 ik & H@tiSnal§H hBwERrOfhe RIEE REGLRG! BE o shi¥R
phot odet glgglc’)ﬁ)g%n?fogur p%%%%gg%'eéggiglg?a fZ’Jx photr’odet ector s§or el gﬁt

: organic compound such as a drug, drug-metabolite, dye or other small molecule present

in the sample.
25  [0084] In the context of various embodiments, the term “chip” may mean a container or a
component configured to receive at least one specimen. The chip may include a test kit or
a biochip. The chip may receive the at least one specimen for testing purposes. In various
embodiments, the chip may include one or more chambers for receiving the at least one
specimen. Each of the one or more chambers may hold the same specimen or a different
30  specimen. Each of the one or more chambers may hold a sample or a specimen having the

same analyte or analytes or a different analyte or different analytes.
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phot odet ectors. In various enbodi nents, the nunber of photodetectors in the
detector nodule 100 may correspond to the nunber of chanbers of the chip
106. For wwaopl@sesif five chanbers are provided in the obirgciO600disye
phot odet ectors may be provided in the 30 detector nodule 100, such that
each of the five different photodetectors is aligned with each of the five
different Chanbers to detect fluorescence enmanating fromthe respective
chanber. [00104] In various enbodi nents, the detector nodule 100 nay

further ijog8sy®e varibus éfbodiname dthienchip @iy B¢ disPesabRL Gtk arpgmenrmnsmg 108 to
al | ow the transm ssion of light having a 5 wavel ength ran e c rr pond| ng

to the | idigpesabl chipscmay dlaw the detertion %Yé‘te@(j"fs“ﬁé{é?%ﬂbo%f’mé APt he
remai ni ngmhhﬁptuseébﬁlﬁk Ay bagkalauad ue\%ﬁlit‘ ﬁBﬁz&Yné dlﬁ@knpﬁse;shﬁr(ﬁ'ﬁ&' tation

l'ight, in or {6 mnimze crossta may otherw se interfere with
the screandfigs.test. In addltion this filter may allow only part of the

vvaveleng of th d fro the|J m, nat ed to pass
b ough. 106D 8R G ok At € Fipbiufehios e, hin  phAPUARAE AREBISEFS. |, P
t he secomete&bpbp@lean&ﬁtdmghﬁrlotheauatkctr&aagﬂme énagptmdeﬁmtemboamaems theay

receive or detect the optical signals or I mtte fromthe | um nat ed
speci nen phptodefecteror mavf be.| fBr eStEMle 3N ipdesy avalagehe: gphotg Ps or

l'i ght  emighbethuidtid tthﬁes' | hidvahid c§lp>ech KRGretiftb @ ephdibsmbudivenaéis for
further processing. 06] FIG ows a perspective view of a

det ect or gawaibek@mmalmaﬂ ding to anot her enbodi nent. The detector nodul e

110 | ent ﬁl@é% }he%onte;s(to of vca%oll b(ﬁillﬁl&ht&ﬁh gel%’“ ﬁmﬁlpér’pm]a}%%ﬂq c%aﬂ?l {ect I ng

corrpol nvarious e sour ce | ter
114, the oghi¢haddd vetiege hlhelutien eﬁztyl ﬂ@wmrnamﬁmdmghlcﬂ @maimin ﬁuag:daelmber or

substanti 1y aligned paraIIeII ch ot her. As fil 14 of the
det ector © | el Yeyiqus ™ orpbadimg énm"’ {’]T ST rﬂ“fyai’ a%deaﬁgf)?oﬁhﬂ'\“b ¥%’§Wt| ally
the same chéffhi fé@ctﬁﬁstnlib?v SRGF. %P(éﬁﬂhﬁl@ § ispdchenl Bt hiding! H Sarfiglk e@ll Qr dydodul e
100, the descriptions the functions, operations and var]qQus, enbodi nents

of the fimayehe nrszwdwil 19 theshaberpykase ATeasting betwesn thosagiply anhthesbye Wadh r egar d

to tgs fi l&ﬁ 104 may be simlarly applicable here for the filter 114.
[ 00107] 1’5 the embodi ment shown in FIG 1E, the light source 112 includes a
first LEDO@SS]Id8m cangxtofSecionslethbadihdk,. thd teemf 15p®ﬁm¢;IEDna}1®aaram thixthee second

LED 113b have substanti.al ly s m ssion f erent
eni ssi on og;% é t _any, apxi g?ry%/?{esupphemen ary “matcrial, solullon gent df

auxiliary or supplementary material, solution or reagent may be, for example, a buffer
solution or a detection reagent. In various embodiments, the specimen may include a
20 sample and a detecﬁon reagent or a sample, a buffer solution and a detection reagent, for
example. In various embodiments, the detection reagent may be a dye.
[0089] Apart from medical diagnosis, the detection system, the modules of the detection
system and the test kits or chips of various embodiments may be adapted for
environmental monitoring and for use in other industries, such as the food and beverage
25  industry, the pharmaceutical industry and the chemical industry, among others.
[0090] Various embodiments of the multiplexed detection system or the multiplexed
detection bio-sensing system may include one or more modules in fluid communication
and/or in electrical communication with each other, with each module performing
specific functions. Each of the modules may be a detector module, a control module and a

30 pump module. However, it should be appreciated that one or more other modules may be

16



first LED 113a and second LED 113b, may be in el ectrical conmrunication
with, for exanple a power source and/or a control circuit, via an

el ectri cavointign7smnecti on (eg. a wire). For exanpl e, tireTiSiGRet/0bEB 113a
may have a corresponding first electrical 30 interconnection "El' while the
second LED 113b may have a correspondi ng second el ectrical interconnection
"E2'. As the configuration and function of the |light source 112 are
substantially simlar to the Iight source 102 in the detector nodul e 100,

t he deschindotpopated @ thiehdetdctiog kysdein ,of @pﬁdna;t ¢minelirmends Yarpepfosmingbospenifict s of

the |ight source 2 will not be nted here as the explanation with
regard t(g‘“{cﬁ‘gnF‘?@ﬂﬁf wheg fegessary 30 %f‘?’il\“}r fyecaps Pabl e here for the

l'i ght soysgda] Il @rderthhOBd @Rkntich heberR@Y BRIREstGJIOMNA pulinkd practidal efff&@ chip

116 includes a first chanber 120a, a second chanber 120b and a thi
chanber paticulaFgmhodimentsewiflinost be Hesetibed hyway of sxamples h%ihb@rl“!l%@n&nd third

chfanb(ir)6 é)&?tpl@tgre?ge O%g%;%%gﬁd an outl et, s! mlar to '.that descri bed for

chip e 100. In various enbodinments, the chip 116
may be d¢eo9eh&bGy1Rrshewgacerspedtive \davatftaodetemduhedtﬂamoo chondi«gmpl <me t he

chip 116 10 b ved fr e. tect r nmodul e. 110, for le for
di sposal egggd‘&?gf ﬁ*’&rﬁége%ﬂg‘idgeﬁ ﬁ@ “§F§§ ‘(58 VAUHF {(k alflné“ﬁt ’o’brc 112,
the fil tqoa hid adfebctiRg colfp&ieht NGB qamaﬁmr@mﬂohaneﬁts)rthé Gght sd@rcRN2geeect i on
pur poses. 00109%]1ﬁl n various embodinents, the detector nodul e 110 may

i ncl ude diligetl 84t thechin 16 raadtthe deteeting G@PB%‘%CPF\QO?W@C aeangedi systentiiescence
from, Bheajér%grpqpﬂ]gwwnhga‘% H§indr2 enbodi ment shown in FIG 1E, the detecting
I nc

conmponent des a first photodetector “~A2', a second phot odetect or
'132" and0093] ki varipiscndodinemits the dp loﬂsnatyheceawﬁlsgemmt:m tmbatesteduthet i on of

componen SHORHIcR IPAGIARIRe:s b apsatrag Bisoc (HEDHlClbRisel nt S tforlla "

functi onshe @yp@tiag icOMBordnel 1 0B faP u&lmmqshmtesto@&o ﬁétectdtghemt fligescemgeonent
118 will not be 20 presented here as the explanation with regard to the
det ect i n§MétdfEe the 1Hpmingied SBeCI®EDy | ar |y applicabl e here for the detecting

conpqgentioobkP in w&&&oénﬁédﬁmum ﬂ&t%ﬁfc@cl(ﬂt gy tilahdd Bfe @XRhaiRalghgn W th

regard to the detector nodule 100 and its correspondi ng conmponent’s or
f eat ur es emitting diodess(Ld&iRs) dinetioning anthe gacittion light spureep | forcexiample enetl D,

correspo rt]\go i%ﬂs, lf,hei'e Bﬁﬁg,nf%ﬂxt EEDE o];' %E: YETSs an%nﬂ)%} of tl,%ﬁ)szﬁ%glﬁh%el 10.

appreciated that any light-emitting diode having a specific emission wavelength range
may be used, depending on the type of screening test, the sample or the analytes in the
20 sample, the dye used and consequently the fluorophors formed. For example, a compact
blue laser diode having an emission wavelength range of approximately 405 = 10 nm
may be used as the excitation light source for inducing fluorescence from the reaction
products or fluorophors formed between fluorescamine with primary amines.
[0095] In the embodiment shown in FIG. 1D, the light source 102 includes a first LED
25 103a and a second LED 103b. The first LED 103a and the second LED 103b may have
substantially similar emission wavelengths or different emission wavelengths. Each of the
first LED 103a and the second LED 103b, may be in electrical communication with, for
example a power source and/or a control circuit, via an electrical interconnection (eg. a
wire). For example, the first LED 103a may have a corresponding first electrical
30 interconnection ‘El’ while the second LED 103b may have a corresponding second

electrical interconnection ‘E2’.
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1001111 FIG 1F shows a sinplified schematic di agram of the detector nodul e
100 of the enbodinent of FIG 1D. For ease of illustration and clarity

pur poses,wbheiffizkéser 104, the first chanber 107a, the secosd2chacder 107b
and the third chanber 107c of the chip 106 and the first photodetector
"Al', the second photodetector "B 1' and the third 30 photodetector 'C"' of
the detecting conponent 108 are not shown. [00112] As illustrated in FIG
1F, the first LED 103a enmits light with an eni ssion angle, represented by

t he ar r oyoob8P Thadétbetbhmodhile d00 magffukthee ihdlade a AhersKMaitranggal mfeont efithey t he
dotted lines 132a, 132b. Sim|arly, fhe secon ED 103b emts light with an
eni ssi on lighigseurce 210 mlley e trasmissigy, afgﬁl,ggw Hoghd ‘B‘i‘)‘?eﬁfé‘ﬁg’ d%gtehe | i ght
em ssi on csﬁ&g&%ﬁﬁg &fiﬂkyenﬁssti&@wmw%ih kin8 of ¥R first 130D 10CHRT @enelond t he
first LED 103a and the second LED 103b, ‘are arranged with their em ssion
angl es sUES Hi%bi adbily bloskingthe semaipingdightstich aebackground kightsprosirayrlight.t he

first LED,1Q3 tial I 1 Lot 11851 t he
seconcsj L@ﬁlc%dggg@%&@ﬂeefrn%ﬁ#e}e{e &}égc ea%?leegl}n gﬁé'gﬁe#ﬁbgeneéﬁg ggﬁ%ﬁ% ﬂH st LED
103a and 104 enayeatiowdorli-part @ bhd watdergtlr eange df viiet dmisdien wadelemgth ifions thef | i ght
em ssiong a easf 1 ubst ant i f aci ng_eac t her and.being at | east
subst ant ?‘éﬁt I&#Dp 3‘3331 I tﬁ? Béctoﬁ‘étlm k}é{%‘@paﬁ%w{%@?n& ¥AToUR e§’|§8ﬁm¥fﬂt5’ the

ar r angengifky IM}ﬁa)“bega{hty@ﬁbﬁ&ll@f‘gerfefdﬂ?l&lb@nfiﬁﬂx‘étartL_ED 103a and the second LED
103b may be {)rOJ ected onto the chlgilp 06 for illum nation of the specinen or

speci mend0097} Immepiaus estbodipenssithechipyl 0psmay; ingdudesprenon mogg charghsre far
provi,gdes L . f i 1 i | . speci nens
in tﬁg cﬁ%ﬁﬁ?%g&ggﬁ%‘?gg% %%'gu st?gr?ﬁg nEJHa}%tCBa g{lrf;tﬂ?‘ﬁeé %ﬁ%t sfElt e chip
106. [ 00 i tht\karhe flubrepborb¢@i basad onltheisamea tmdiytes) of |di3feré fhagofiwen(idescri bed
based on.the detecto dul.e -100..0f the. enbodi of FIG 1D, if..should be
appr ect AP ITRTEHE! ARRY A FreAdiBe % AECED e O turpte TaFedh oh RS 1F
may be sichHimbdd YnagPh h@tevied, Fdrcexdiphs by providigea bifferoft dpecinmabweih ient of
FIG 1E. 20 [00114] FIG 1G shows a sinmplified sc%he ,tf%fc di agram of a

det ect or PABgWeBanakges Wik heif AAMPISMSREnEots FAShol thh EiltFEte COPOSTHA e 140

I ncl qgespﬂ)\)idiﬂgrthes%ﬁecé'pe}ﬂgm @ @BidirdAfh ARfhbarsAfldesbliatheCoMARRGNATdyE46 Whi ch
may be arranged substantially aligned parallelly with each other. "The

det ect or complgmentarOtonmgpeciisl tyde of andlytes prepérd de dhd spepimepeterbet degectddgint  sour ce
142 and th i p,.444 hat the chip 144 may include one or 25 nore
chanbersfa’acsucflsa?eg‘%]l Frzgmaé}%?ﬁ)ﬁ%%l ar to the configurations of the enbodi nents of
FI GS. 1D[@098] varidaswenmibsdimihie geroeidimgnind sastedivorophofs tetheldifeent dambersf

illustration and clarity p oses. [00115] .The,light source 142 includes
one LED 143 HgMcdsieinioatoh Fos Eiseraiiog, of fifpussthipace ORR GRmhilEe 1« he
SPECIEN RbropRGS | A8 NhertREE N 8Aditdtich6f ®BiaRerhdd coddeftratidn df theSfhrticatarbe
arranged with its direction of [ight em ssion towards the chip 144 and at

| east sulgBsalyas inghe ghambemendi cul ar to the chip 144. In various enbodi nents,
the ligh 1 §S1 f ] L ] 140 [N rgation of
t he spec}[mrrggl gfwg%élts: iefr?ggg&ir}%/s’ evé{iﬁga% Hﬁ%é%dgg%p%meg})&?%hP%etocéﬁ%%Hgg%.
However , differgitobdnabdremay pliee siatudtdn¢ona tetedton| df et diffeiensflunmophwys. al so be at an

commant cAUMaT I g SR PR A, B2 s tub g TiAudS 4 e hibbircy

vi a san 18¥£atseidnd|chamib&r WIBRAE hithikd clamber 1¢RY Each 9f the first thembdrD0148 enits
light with an em ssion _angle, re _risented b ﬁlhe arrow 150, with the
f*%thﬁégv

borders &t serRnq shamber ALy shambeg 19yc avan Blelethars fesSPeaisn 152p.
The en syiQhePhdHied ©8RE 8RFNDEToP¥xaniple b TRirPRbinEBHcRSnh&kiBh FVeine | arge
to provide il l'umnation across a substantial part along the length of the
chi p 144 secphé tutiny imMgconngctinn 12 aoé the third iybipg intergpnneptéon | 3jivonrastadcte 142,

prefer ablﬂ}/e geglpeéative inlets of the respective first chamber 107a, second chamber 107b and third

30 chamber 107c. In addition, each of the first chamber 107a, second chamber 107b and

third chamber 107¢ has an outlet where the specimen may be removed from the chip 106,
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10 substantially central position of the |ight source 142. It should be
appreci ated that the LED 148 nmay have any em ssion wavel ength range and/ or
em ssi on woghe/07f@9116] The detecting conponent 146 i nclpgdss2610/000461

phot odet ect or 154 configured to detect light emtted fromthe illum nated
speci nen. The photodetector 154 may be placed in any part of the detecting
conponent 146, preferably in a substantially central position of the 15
detecting conponent 146. The LED 148 may be | east substantially aligned to
t he phot detedxanipber vidSHe fifddbing irdtercorarecions X yitedsecemt sibinghmtalaineedton nodul e

may incl yde a, secon ED, .where this . second L nd the.LED 148 be
arr angedug/i gpfl ?We'?‘f‘gcflll_l?lﬂ%f’?tﬁﬁ‘fgmlﬁ’u?rf tcoé’HF“stngghgletrSMFH%e ?‘htéetscﬂfﬁkél44 and
at | east r@s?&ﬁiv@@ﬁét%hixﬁbdiﬁ()%%ﬁoﬁ&'hﬁd’mﬁ& 10eafdthizd Enber Q020 provi de a
substanti a I¥buni formillumnnation of the specinen or specinens in the chip

144 acr 040191k dpshonlék beaappesiatedithghdieichiyy 1Qhpay haye ayenwmbes of ghambesseyer | it
should b Latied i t I JoSSIQANS, [E gl e

ot her gt hgﬂfa%g&?@%’t e %kh? gitoﬁl%gy[ﬂ géitfgﬁgfﬁéﬁlﬁ S otvvsélllazﬁ)se?ser’rpsﬁ%l% ?dgd&{sac hemat i c
di agr am ohambeie tver chambrps) ufoar tiinbeps sic chardbarg) or eightechemberdi e mariouFhe

det ect or dul e 160 includ a light ,soutc 62, a chi 64 and, a detecting
corrponentegg%%'% St er?ﬁﬂ}llbﬁre&zih?%lhagdn gtfbcilfpamét?fly 90‘5‘?5?&‘2%‘(%’ tﬁ%%‘l—np%rl (Tqi with
each ot hgypes dhenaligtLothRrderdortd) Forki@mpRry ififie! differet thpdstofranpllyrs atk torbebet ween
the light source 162 and the chip 164, simlar to the arrangenents of the

enbodi medeected: friechambess gy beprayideddp dhadip- Sihstiore-Pach of thelfeshilagte of
11 ughr abh AheS QA defebicd R RASR DT hE fivel LHARIHEAL 'P%‘viﬂ’i!dgpﬁiﬁiialit%rt& chip
164 includes a first chanber 168a, a second chanber 168b and a third
chanber th8ubers fapiditate] thasimulthngous desestion of ddfer¢ntenalpes one LED 170

functi oni t he .exci i.on | ight c i ].0a i men or
speci nené@ggﬁih\l/ev P £ %’g&% |elpl)ts’lg% gérs[&#‘?]reg}o?r&gt idcqigagﬁgglﬁlafggg a%ﬁcginggcond
chanber t6@pomend 110Befor Metettinf ahb aesulti@s flubrdséeace hirpligli4emitted frak hé0 nmay be
arranged with its direction of |ight em ssion to ds e chip,164 and at 5
| east suffEpToRhers iR epgﬁsb%mb@ﬁlléjfa’t%? f%@“‘iﬁ%‘%".@ﬁﬁ%h ﬁn‘slglﬁi %ﬁg b8 ment s,
t he ljkghti oS HeQmboliRient B WLER FIGO10/he dbfetidphdopbidnt 1108 indlhdéshmméti on of

t he speci nmen or specinens may be at an _angle of 90 to the chip_164.

However , Phetodeieniord Ade misppuckphistedstoctest Bl hand 3 gird nbaiodeteeiar ifely- Baddpfbe at an
angl e ot %ﬁxtsp&%tﬁ&te%c%rt‘ﬂ?’ %Q‘%Olﬁd i}ﬁétodya@to}'@’]oz(}hir P{otp&técgore‘kﬂeh{a cal
conmuni cati on th, for exadnple p 1

ower source andfor a contro
circuit, buialigead ®©l e@ch of del finshtlemndeni 8¢, iseepndEhambpery1 074 andrtbird cidrebdrED 170

emts |i ith an 1.SSion.angl e, represented by.t arfow.172 e
eni ssi onqgk‘bi\;\fet?w F@Br@g ﬁft ‘?eegecgi’g H%feﬁ?epgwe g‘?flg %ﬁ?y%‘g Q@ﬁ R4 act‘hoo-ﬁ?)r ovi de
i || ub natheo firsdfchhmBers PEG| REdond nchan®echaThand thied chx@bal €07corn tsheh 2acond

chanber 168b as illustrated in FIG 111; I.n various, enmbodi ments, the LED 170
may be m3VARICRCED ,t%@’(gtlprhsxsﬁgl W’tb the &Bttog)df@gt,or Al secon photodetector

‘B1’ and third photodetector ‘C1’ may detect fluorescence from fluorophors in the first
chamber 107a, second chamber 107b and third chamber 107c respectively.

[00103] It should be appreciated that the detector module 100 may have any number of

25 photodetectors, for example between one to eight photodetectors, such as one

photodetector, two photodetectors, four photodetectors, six photodetectors or eight

photodetectors. In various embodiments, the number of photodetectors in the detector

module 100 may correspond to the number of chambers of the chip 106. For example, if

. five chambers are provided in the chip 106, five photodetectors may be provided in the

30 detector module 100, such that each of the five different photodetectors is aligned with
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15 illustrated in FIG 1H to other positions, for exanple positions 171a,
17 Ib, in the light source 162 so as to provide illumnation of the

speci nen wo 20hie76681st chanber 168a or the third chanber pee8G20NOGIcAl | OWsS
the LED 170 to be novable relative to the chip 164 and/or the photodetector
174, for exanple in a substantially parallel direction to the chip 164

and/ or the photodetector 174. Therefore, the LED 170 may be configured to
20 sequentially illumnate the specinens in the first chanber 168a, the
second cbahfadrthel H@bdififecknt bipanhbers © deleenfleoredsBae ahartating floimpthé Gebpedtiveshoul d
be apprecjated that the first chanber 168a, the second chanber 168b and the
third chSasher168c may receive the sane specinen or that the first chanber

168a may [¢0a04) Y& varidus! sxibodRf&it[RRe détbRosR0aNE 100anbefurtheSincimy of Rltei ve a
second specinen and the third chanber 168c maﬁ@r eceive a 25 third specinen.

The fi rsplasgskiaifrantof thadelsetingrompoaent HOR tayalipw Hhe transtpigsiep et light havigg ape

di fferen | g{g;%“j- t i . | Iy&gﬁ ne
phot o%jet gg?%%%%&fggréo etect F‘%F"t ﬁ% ?%o%ﬁggg(gﬁgp;ﬁ? fll g tétg(?n's te © ‘rom t he
i |1 um nawhie dpedking thef rammining leghgniyeh , asf backgsomng| light rownstraielight conthec hanber

168b as illustrated.in FIG 1H. .1n various.30 enbqdi nent t he .

phot odet Eﬁﬁpoﬁgﬁﬁnﬁf/oﬁigr %Wea‘frf’%ﬁa&éﬁ]i‘% it Oﬁﬁ‘&l@? i“ﬁ%}{%&%@ntgﬁt 166,
as ill USEd’r@érﬁ? iekt. Fl £3ditidn, t0s althahapaifov balRPartl dIrthewavaimtipaapé bbhe 175a,
175b, in the detecting conponent 166 so as to detect the fluorescence or

li ght enlightsgutedizompie JInmingtqdpedmspiepase Hoyeht he first chanber 168a or
the gpi rﬂ)o‘iﬁéjmi’x?(zﬁ-l}tgﬁ%mb-gﬁin%f@, Vst %%tm@cmemqw sebdftl proiifetdiRyabl e

relative to the c 164 and/or the LED 170, for exanple in a substantially
par al | el ‘Bii’raadtthe thitdophdtedetdsion ‘Cé4mapdeasivet ¢redeteDilie7eptical sigraleonlight t he

phot odet ect or, .174 may be canfigured io 1 all ' emtted
fromt hee?lfl%ﬂ rﬁoﬁépgdﬂ%nﬁlggtlergé%? i htfée ¥°| rgi%f(;uhg%%eél¥e %%%%%L?Jﬁgh%rsb ¢ g%]pd
chamber 3ighils an tighthemittbd fidncihaiiemhind 8 epedimet énto lelgotricéUsighdls fdrduttikrbe
appreciated that the first chanber 168a, the second chanmber 168b and the

third chBP5E¥™68c may receive the sanme specinen or that the first chanber

168a 15my [§0A66] YEG21E1 dhslvs SPpekpREve Wity EGORdechamdanle 1 0l GBkuramY hecei ve a
second specinen and the third chanmber 168c may receive a third }sT&erm men.

The firsenashrsenhedimanhlhedetsntor spadulentdf ingudesiadighhpouaces e o AR hely abe
o £ 0" D EnB A6 R Wter iR Edhodibnl B1d, W S RIRAMIRMhes, Wt RIHROuEON 12 hE LED

170 to sequenti a e specinens I1n the first- chanber '168a, the
second cHmnfiler 1188theahip t Feardnihe dletbtinghenmbpmeitc BB ot ardaegadhiupsta@inlland/ or

for the phot qdet or 174 t.o sequentj al e light emtted frromthe
i 11 uni nagg@egp%aé?ei Pis‘.”l%h b oPféf's Scth%ﬁji%F d@%é’?,thf:h‘get%céocrolﬁaa'gﬁalr%@elrs 168b
and bhe tlystadtisinasiatlar 208 edbrmt bebsehtipllyl fhe, sableefuabtidh dHthe myrefpondmgl i gur ed

to be novable relative to the LED 170 _and/ or tf%e phot qdet ector 174, for
exanpl e fiHern104,imsths flefesior yngsiules 90, (theydeseriptions of she fanciiens. Ppeyatigns/adf ¢ he

phot odet @ﬁriticgfs el dintded FOhe Bleer mwgﬂi 1 De PR BBleSs tRO¥xptaiRbM@4thon of a

movabl e ¢ 164, a novable LED 170 and a novabl e phot odetector 174,
rel at i verdgardstadhe Hitérd 04 maxbelsimiparindpgbierblenhere for dha feltar dd4.nodul e 160.

[ 00123] Lous, e di nen N3t | u&% fi i Bf or a
rovabl ¢ 87 4§ UR, SR Hhdn BT TE LRk O RRls B2 hildperl il
phot aslet @€32indly decofid REDOVIBb| The rsp MEDoHaemtd ahe de¢dnd KED bidbpngywhaled i n t he
det ect or rg)dul_e 1Q0. . . .

substantially similar emission wavelengths or different emission wavelengths. Each of the

first LED 113a and second LED 113b, may be in electrical communication with, for

example a power source and/or a control circuit, via an electrical interconnection (eg. a

wire). For example, the first LED 113a may have a corresponding first electrical

30 interconnection ‘E1’ while the second LED 113b may have a corresponding second

electrical interconnection ‘E2’. As the configuration and function of the light source 112
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1001241 I n various enbodi nents, the em ssion angle, represented by the

arrow 172, of the LED 170 may be relatively large to provide illum nation
across twocbambsiss. I n further enbodi ments, the phot odetestasiobiédicay
detect the light emtted fromthe illum nated speci men or specinens from

two chanbers. 30 [00125] FIG 11 shows a sinplified schematic di agram of a
det ector nodul e 180, according to one enbodi nent. The detector nodul e 180
includes a light source 182, a chip 184 and a detecting 'conponent 186

whi ch mayreb guiitanaslge dimsildyStoakel fighty sartgred ipatl Hakdwyr wddaleeaof dicher. The
detector nodule 180 may include a filter placed in be%wee[n the |light source
182 and dessriptiens of ghe fugstians perasiophandyyarighy erpbodicenys of the lighbingr s of

FIGS. 1Dyafidof be ptlé%:eg?erdﬁeﬁﬁas $BQUPlahdioh!vith fkarddb RAGEt Qburck 103 da3tdeOn and 5

clarity purposes. stration purposes, the chip 184 includés a first
chanber iB@krlyapplimblechenhfantherlighBsiureend2a t hi rd chanber 188c. [00126] The

li ght _so 2 includes a first. LE 0 . third
LED 180c T‘F‘ﬁﬁﬁf?‘bﬁ‘i‘%&‘“ﬁ%‘ﬁ?‘ﬁé Toen ‘é‘thﬁgh J‘%f Ei%ﬁ &s‘éﬁlﬁggg"lt"ge[% %%Bér?n"ﬁa b& |o
speci IMen 100a, 3ReEINdRASMbECKIOL @dd anhikd ehapdtiep 12@4 Eadinofthe ifiot shambaydi2fent s,
first LED 190a, the second 10 LED 190b and the third LED 190¢ nay, be

ar r anged S¢goné Cb%l?err 140b ap FIBWSC_II’GF‘bF‘i bzrpfag"’rﬁ @%ﬁé‘“‘{ A ’?Wéarc'ﬁi hat184 and
at | east gsURBLAR B! D06REHRENMEH R dul 1000 ¢dHoRs d8Bodiidniéathe @HP 116

enbodi ments, the light em ssions fromthe first LED 190a, the second LED

190b and maydetdetachatl Faramged in thegletdstor apdylel BW. For cxampleritheehipd 16 mayhe
speci.pen,Qr__speci pens a f hp blpyever, it
shoullérE bgearﬁlﬁlreg%dl %?’ ed ﬂ{gﬁé tQ‘t%%‘g;W?{g}ﬁt p%is%gﬁie)s(m %%goﬁa%pg%gsl’ooﬁgég? an angle
ot her t haibs@tialdy ilipghed hiith tA8Ught Taarcé i 1 thel filfer 190 and thedesegugehnifeDeritoOb and

the third 190c, y be in electrical conmunication with, for exanple a
power sodﬂég‘?’éﬁﬁt}‘@raﬂg%ﬁﬁﬁ??“o‘?urﬁw%ui t, via a first electrical

i ntercon _rwm)bfrln(@ﬁou@ eibb@inents] ‘the Aets@E0RbABIECIV i3 inthiera aawveidg on * E2'
and a third electrical interconnection E3' respectively. 20 [00127] Each

of the ficpmponemb118dar deteetingdthersuten Tuptestenes dromethe) §eropagS vl Hi6 gned to
each ,of tegl%oéig{zfﬁ# SBRAPE! .ﬁ%ﬁ?lE,Sﬁlﬁ@Qﬁt&Hﬁg%p%ﬁéh ang fbiukes Ghamher 188c

of the chip or Illumnating e specinens in the first chanber 188a,
t he secomptiotetetier ‘AD3SH sexodd phetodéteator ‘BRAnrhé e thedphetedgieion & yAs igch of

e R TP LD ARS H  R ARG A bt 1
chamber, degclidd ¢omtioatdl (8ninFth&detettor Andolediongthy, desdriptibhainf tesfunétionsi nat i on
of the s %gecriatrirgxpss arildn vgipigusf ierrn E)digﬂ:gtr;b (e){ thle8 %&’ect&nr}ge component 118 will not be
20 presented here as tile explanation with regard to the detecting component 108 may be
similarly applicable here for the detecting component 118.
[00110] It should be appreciated that the explanation with regard to the detector module
100 and its corresponding components or features or various embodiments may be
similarly applicable to the corresponding like components or features of the detector
25 module 110.
[00111] FIG. 1F shows a simplified schematic diagram of the detector module 100 of the
embodiment of FIG. 1D. For ease of illustration and clarity purposes, the filter 104, the
first chamber 107a, the second chamber 107b and the third chamber 107¢c of the chip 106
and the first photodetector ‘Al’, the second photodetector ‘B1’ and the third

30  photodetector ‘C1’ of the detecting component 108 are not shown.
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second chanber 188b and the third chanber 188c of the chip 184 may be
carried out. It should be appreciated that the first chanber 188a, the
second chaohker/d8@ and the third chanber 188c may receipee/sGhelosnanal
specinmen or that the first chanber 188a may receive 30 a first specinen,

t he second chanber 188b may receive a second specinen and the third
chanber 188c may receive a third specinen. The first specinen, the second
speci nen and the third specimen may be different specinens. [00128] The
det ect i ngooaa2p dtstrhédd ih F0G UE sheafikt LED 10Botmitetigintwirh dbéhaission seglgnd

phot odetector 192b and a third. photodetectar 192c for detecti t
fluor escé?Pé"e‘e%‘F‘?l%Vé amgowg 3P4 @nglieol?ﬂr ﬁé"%;ﬁ? §f”é§§‘°§pr€ﬁ°ﬁfé‘:ﬂébgl?3ht]’t%he first
chamber 3884 1iddie328CPN8. SHARE! HeBRBoRNAEDNR3bNnith BANAM ard 8Rdssion

respectively. Each of the first photodetector 192a, second photodetector
192b and anglg.reprpsenteddutthe ampw 184 ovithathie berdgrsi of tadighs cmission sepreseatedibys ¢
chanmber 1,88 ) h er tdl lp 184
for dgt ec “‘.‘%’g“e? Elgg%]&géﬁt iaa'regr?r)f C‘]étﬁﬁlgﬁ%ﬂ}eh%g{ ?’F%%%ﬁg%%&%%g%ﬁ{?e%@gilgﬁ’he first
chanber iRBarrarighd with getrocmisdbanbgles h8t3iantially tfiveng leachdothbra aisd thel Bgu
respectively, Il ustr In FIG .11. Agcordingl | mul t aneou

det ect i off lof‘?fng ths t@éﬁﬂpéﬂS‘*bF@m‘ﬂYeo‘?eﬁFﬂ’%‘mﬂhgleé&;h B@@F%%@W ﬁlet he
first chagdagd LEBSF3b! Rartiranerdseh anfagtndediht anblds ik filki LEDCIN3sbed the88c of

the chip 184 rrae‘/ be carried out. It should be appreciated that the first
chanber second LED 103b to be arranged with their directions of light emissions at least

10  substantially facing each other and being at least substantially parallel to the chip 106.

Furthermore, in such an arrangement, the light emissions from the first LED 103a and the
segond LED 103b may be projected onto the chip 106 for illumination of the specimen or
specimens, at angles of approximately 15° to 30°. Such an arrangement provides a
substantially uniform illumination of the specimen or specimens in the chip 106 across a

15  substantial part along the length of the chip 106. 4
[00113] While the embodiment illustrated in FIG. IF has been described based on the
detector module 100 of the embodiment of FIG. 1D, it should be appreciated that the
explanation of the embodiment illustrated in FIG. 1F may be similarly applied to the
detector module 110 of the embodiment of FIG. 1E.

20 [00114] FIG. 1G shows a simplified schematic diagram of a detector module 140,
according to one embodiment. The detector module 140 includes a light source 142, a
chip 144 and a detecting component 146 which may be arranged substantially aligned
parallelly with each other. The detector module 140 may include a filter placed in
between the light source 142 and the chip 144 and that the chip 144 may include one or

25 more chambers, substantially similar to the configurations of the embodiments of FIGS.
1D and 1E. However, these are not shown in FIG. 1G for ease of illustration and clarity
purposes. -

[00115] The light source 142 includes one LED 148 functioning as the excitation light
source to illuminate the specimen or specimens received in the chip 144. The LED 148
30 may be arranged with its direction of light emission towards the chip 144 and at least

substantially perpendicular to the chip 144. In various embodiments, the light emission
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188a, the second chanber 188b and the third chanber 188c nmay receive the
sane 15 specinen or that the first chanber 188a may receive a first
speci men,woheigesnd chanber 188b nmay receive a second ppescren/oandit he
third chanber 188c nay receive a third specinmen. The first specinen, the
second specinmen and the third specimen may be different specinens. [00129]
It should be appreciated that the enbodi nents shown in FIGS. 1F to 11 may
be 20 conbined with each other to provide further enbodi nents. For exanpl e,
i n one emadthdIBD 148 0htkEhd ttdp 144 forollamination bAtgegedimen ot sgimewuiaye may be
provided to sequentially illumnate the specinmens in the ﬁluraligépof
0

c lhfanbe (rj s bgiat pw agglg|of 94F %‘l(t @%‘f@@)ﬁ@)‘f’-o‘é‘é‘f"’e‘@&df §h%‘é§§ ApRIEH AL dhas dhe ris
allgned L0y SRAMAY il RlaaBktelohed ndRERE 1 Y| 0 THE REDVEM 8 iPfect the

light em m nat'ed specinen in-t respecti nber .
[ 00130] Flectriear comrhutibatiohdville fap@iaaplas pdwehsiurdenandaoonf ¢coptiohtiramits via

illustrated in the enbodinents of FIGS. _1F or. any conbi nations

ther edf , 2hglpetsicalL @moaﬁ?ca%gﬁﬁq(% a_twgseﬁﬁﬁhfiﬁeﬁ%%ﬁlﬁﬁb@tﬁbfbem*%e.
[00131] Bhfbe pRtiQ 1, RE SR KE, Wiklede dBtdREs JF tROREHt @midiRAULFresddfed byccor di ng
to one 30 enbodi ment. "The control nodul e 200 i ncl udes a m crocontroller

unit (MCthe dwzd linge 182at1p2)- Thschmiesigpanglereprasented by the lagrgw 150 maydbe
componen s, suck . A i.C L auid .C ' LCD
204 a wriRsb A BroBHE MdinRiordheARa! - floslahl fAr il B LIl )

di odes ( khipsip4. TiepLEBdAB ahythe ldved ik agkpa2O& thahghtzounge 14 tpreferabbrin210. The

graphical liquid crystal .dis . 204, the,w rel ess nodu 6, the
plurdfit ﬁ“llff“%?éﬂ% 8?%”&388‘1‘?‘@ ﬁ{r %ﬂéé‘ﬂ%b&ﬁﬁé&eg PPEAbe aprpé‘?}fag% eﬁ’f’ég’eby t he

bl ock 203EDA4g ﬁnbﬁh@@rahfe Binissiot WavBlengh Pangdlafid/oNefissich khgal comuni cati on
with the MCU 202, via_electrical interconnections (esq. w res), for exanple
as repr ed¥Hd8H Thy dsteotinggoapponenicl 4fmusludss aphptodsiseten 54 srnfigpeede defsctot t hese
conmponent: . RAtaa AL iRl jeal liquid
crystal 3‘?2‘5 nély (?ﬁ%:%sth%g4 rray‘lqbééﬂﬁlg%él; ﬁf’%? exa%ﬁ?3?$a§?E%%%§ of

i nf or mat ipert of Tvedetéctieg esmponsdti1 46, poderablytina wbstantzlly téntal gobidor 00theny be

used to facilitate exc es. of d.0f gomati an t o _and/ or .f.rom. opt.rol
m)dullg 2(95te Hug §°W?neef1€§gg‘c§hn?ml‘rﬁ[2a [ olrrllais(r)%t 060 S‘ﬂ)fgiﬁ_u@l% qll ?a{fz)i oﬁlﬁs
enbodi nephstodétb@opixdr al ity of sensors and light-emitting di odes (LEDs),

rpﬁg[ gzg? i@?l&? Iltl r\lfgrigls%gllf)o i?l?énts?&% d?:tregt\é)lr (rjn%d{l etn(;"ail’}}c i%gl%ae Elgec%)gg i%i)? Where
' this second LED and the LED 148 may be arranged with their directions of light
emissions towards the chip 144 and at least substantially perpendicular to the chip 144, to
20 provide a substantially uniform illumination of the specimen or specimens in the chip 144
across a substantial part along the length of the chip 144. However, it should be
appreciated that the light emissions may also be at an angle other than 90° to the chip
144.

[00118] FIG. 1H shows a simplified schematic diagram of a detector module 160,
25  according to one embodiment. The detector module 160 includés a light source 162, a
chip 164 and a detecting component 166 which may be arranged substantially aligned
parallelly with each other. The detector module 160 may include a filter placed in
between the light source 162 and the chip 164, similar to the arrangements of the
embodiments of FIGS. 1D and 1E but are not shown in FIG. 1H for ease of illustration
30 and clarity purposes. For illustration purposes, the chip 164 includes a first chamber

168a, a second chamber 168b and a third chamber 168c.
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or LEDs of the detector nodul e of various enbodi nents, or of additional

peri pherals 15 provided with the control nodule 200 or of external

peri pher ave 20nat7s@hown) . For exanple, the interface maypbg/sgromioded: f or

i ndi cator LEDs, such as for indicating power, data transm ssion, data
processing, etc. [00134] The current driver 210 is provided to provide
current to the light sources and LEDs in, for exanple, the detector nodul es
100, 110 (FIGS. 1D and 1E). Accordingly, 20 the MCU 202 controls the first
LED 103a[emnd9]t Mhe $ighostthrdeEI821i030d&f orie TEERR A G0 tmicktiofing iag llie &@itatien gt vi a t he
first electrical_ interconnection 'El' and the second el ectrica

| nt e conPRKES Brilluminate he Aercimet ob FPECHRET PR Y g AP 160 O(ﬁ{“t;ﬁfsf D) or

the firstpinider 1@-@‘%&%@&&3%%5&5&“1‘3835& ﬁésﬁr@éharxé&r S48 dfahd Sip 4 MthesOUr Ce

112 via the first electrical interconnection 'El' and the second el ectrical
i nt er conhEBt 17§rmayEe arrangethwith s diredtionof lighy exisséen towardsdhg ¢hin 164 ard &y, 1E)
t hrough the current. drj . o TRIS (G S 1T | 8t 082 1 3a and
t he sgcoLeagtL 3t t(%lty Bﬁg@}&%o té)mH’te (fh:ﬁgﬁt% 2h%?§ﬁ$4shglh?eqU|Irle’dﬁl%ah engt hs
or wavel emggtionrfasigethalED rit76 nwité thd ohipel G Gjreitlumihatint eftthe spbaniere, t hat

may excite the fluorophors in the chanbers to emt fluorescence.. In various
ermbod me PRESIAR anaher i ke 6905 Y theciion 54, Popeisrafishell PE appiasine

30[ 00135 . V. r Mt d o QciMikg RO BT cui t,
S, 212, %l‘r?irgﬂ%el%?‘?%%%mco aﬁ?"ggét)?tgmﬁi F’h&tgﬁeﬂ‘ .rstqgg'%o%o etector "A 1 "',
t he secoh@,phay belah eddcaical t@hmuniatibrt withf Firrakapiplet @ peivec sourcé @hd/ooh t he

detector nodul e 100.(Fl 1D). or the first photodetector "~A2' ,  the second
phot d¥et EAN ¥y Vi an Gl PRI EOteS: Eab e SCSS0aRE RHAE 47 8 rodul e
110 (Fl GighEithf &1 ehfGRInY aide,t h?r@éﬁsd yCélle air@al®. CTHeY emiseidnf arple, t he
optical srgnals in the formof fluorescence detected by the photodetectors.
Accor di nEPiEseed he theoaiavo |l 7voern ke oificieny to providecillpmingtiop GfHFPEHIEBN Wi t h
the detegi . JRABLE f&.lo&ar,%&@gnft% sdoBi ENnttRr 168 & AfbidtEdin PIGINGL 1! N or der
to sustain a relatively w background nol se, and enhance system
sensi t i vivarjous eimbodiptentsathedilh 47@ mag pe e vpblyiaiiangkdon thelighteduoy 162iasabl e
excitati d, en.ssi fil,ters.of specific wavel engths nd C ler to
coupt 1 HBsERES FRFTRGE i otk b fiesr RF cisvPle SRR RERS 42000 SB oD01 36,
| n var i opsurems2dionas b provideailiehmattion 6fthe Spgnatsin the €irst eHarAbee 16RL6r heocessed
by the caontrol nodule 200. For exanple, the elecirical. signals. be
anpl i fi eftiiychambgrnbpfor iThfs sllows 'g‘éf }B%it?\ge@%végf?o‘e@ﬁ?’s ﬁ‘aghllmﬁas_s |
filter (Liford@d aneelets&&vmz £ ekithPle Gh Q'sﬁl?é_tanﬁhﬂlf'ﬁirﬁll&)ﬂh%&i&ﬁ@'tHQcEjP‘ di gital
e

converter (ADC) 218, to provide anple anplification to ensure stab
resul ts W landjer dh¢ dhatpdeteeter df7fty dhgrefoirghthei KRR 170 mayi be cpsfigired o[ 00137]

FI G J i f i
enbod! o ALEay LS SRR G U RERRRL Bl m? SR R0 dL86, i AGARAREG O56, 07
col | ect amb theothikdt ¢tnbendib8ec ofhike phippl o dulskowdd Genappracirtédi dat ahes fippl y  of

buf fer sql utio 04, whi ch e e t. u via a first valve
308a andg%%ﬁgﬁgﬂu}h? \§%°°§6g’5¥m%5 @ﬁgpaflﬂég%/ E}B{Qﬁﬂﬁfnﬁﬁiggﬁ PSS, YFor
exanpl e gfind §RcRsRNSraatiie Jitd .chhBbdr 38 R Rcdive b HiestSpodinen,Clt Isesohar 302.
The buffer solution 304 is provided to nmaintain a conpatible environnment

for the shampce 168h may resqiven seerndsaerimen avd the dhig} chagnber 16fc By Feefived| ut i on
304 BRy ﬁhﬁ%peahe@_we glls{ kaffegﬁ% O%hm%co%ﬁrmla&meﬁ Bn@ e (RiT SFLCTRE ma%'B@ buf f er
e a borate buffer.

sol ution 304" may I n anot her enbodi nent, the buffer
sol ut i ond@fedentrspecimenshosphat e 25buf fered sal i ne (PBS).

[00120] The detecting component 166 includes one photodetector 174 for detecting the

fluorescence or light emitted from the illuminated specimen from one chamber, for
example from the second chamber 168b as illustrated in FIG. 1H. In various
30 embodiments, the photodetector 174 may be movably arranged in the detecting

component 166, as illustrated in FIG. 1H to other positions, for example positions 175a,
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[00138] In various enbodi nents, a specific anount of the buffer solution
304 may be provided to the sanple collector 302 to produce a m xture of the
sanpl e amdotha/dosdsier sol ution 304 in a specific ratio eCTsopoowomaiely 1:1
to forma specinen. The specinmen is then punped by the punp 306 via the
first valve 308a and the second val ve 308b, and the 30 tubing

I nterconnections, for exanple as represented by 310, for transfer, for
exanple, to the first chanber 107a, the second chanber 107b and the third
chanmber 103k, iafth¢ Hetectimgpconipdtenf 166h®e aetbaletent theofludrescdti@ ¢rAight einilfedor t he

first ch nber 1 Oa, the second ch he third .ch er. 120c of
the- chi p TPTEhsTgtmisats SRERBR LR TE Eh o 60 prfne thrd chamief TPEE Thifi ng

i nter CO“QﬁSM ﬁi% ph&todeﬂéaer SPLRBE thiliibiOrelafiv e (@8 RBpt 16and At tRFCED heot hi rd
tubing interconnection '3, respectively connected to the respectlve inlets

of the 5 fPreeawls inacHbsirialy p[awélﬂséqreqnﬁndpdb% chig 6dsandigicthe LER 89t

di ffer.enty t
provi aed tgl%?do¥ tﬁgpp(?tglr%et%{m# rﬁor oglil)or %oh%hg‘{lg%ﬁ?tgggl&ﬁﬁ%e sanpl e.
Using t hd‘roenﬂxadllmnmhtedfsp&:lnﬁensmtm fitst t:llmnlmhllpSal@l& senctidJchang)et h@SHf ands t

2 an S e SmBE (PR o Y R Ao RSO TRrpels B 0S T aPE

di seases 1@8a, atﬁa|s)éédi‘ﬂ chanfbef flGSE&hddM@&hﬁﬂi)éhhﬁbdirm&dﬁdy reeiwer thenginieo t he

punp nodul e 300 of FIG. 3 the 8@5, y of a first dye 312, a s§§Qn8 dye 314
and a t hispesimsorshe the ks @@yeﬁeveaﬁetmlwhﬂterﬁecqq pmpef) ve 308a
and tjje Sggp yveée{@e §Q§&mdasi39mﬁl@ﬁ ahw%@wdnéh%ﬁmem@&tmep%cemra npl e as

represented y~"310, to the specinens in the first chanber 107a, the second
chanber métlunqrs lenﬁrst Ispedimen,dthe hegndrsl spe0ineens arglighet thaid] specimeny maprhe,
nulti-det L on of different analytes or biomarkers or di seases may be
achi eved ?ﬁ?‘%?%?ﬁﬁle sanpl e per test. [00140] In various enbodi nents,
each of t[hﬂzﬂ] 1B tvaﬁbus etibddinSeRes) hdoxdynefoaﬂhfé I 170vtor @qakysiaByl Bluniingte e a

fl uorogeni c . dye uor e be f I scapm e, epicogcaon one

o- pht hal &P%ﬂ"&éﬁy %@Jl& qgl%@gerdllgﬁ? ogi?e)s{ sgepnd; Eﬁ‘@gﬁﬁzgég’ éegd or
napht3al @RgmBerPssd St Opilléaﬁmﬂ@r foNRA)photodSdddd 174t to%@@i&hﬂalﬁede@&p gkl at ed
that the punp nodul e 30 have any nunber of supplies of dyes, dependlng

on the nmbited fem the ilminated sprsimense tthe) first sharahesrhéBa, the secosd sbamberul e 300
| f
may 1nc b&d i‘f{%‘%ﬁh %?E@é‘&f &HQR{%%% e c%efmgspb& Qﬁﬁr%@g&ﬁéﬁer 0

4
dlfferentggges provi d four, “six el ght
vari ous movable relative to the LED 170 and/or the photodetector 174, for example in a

substantially parallel direction to the LED 170 and/or the photodetector 174.

20 [00122] In various embodiments, any combination of a movable chip 164, a movable
LED 170 and a movable photodetector 174, relative to each other, may be provided in the
detector module 160.

[00123] In various embodiments, any combination of a fixed chip 164 or a movable chip
164, a fixed LED 170 or a movable LED 170 and fixed photodetector 174 or a movable

25  photodetector 174, may be provided in the detector module 160.

[00124] In various embodiments, the emission angle, represented by the arrow 172, of
the LED 170 may be relatively large to provide illumination across two chambers. In
further embodiments, the photodetector 174 may detect the light emitted from the

‘ illuminated specimen or specimens from two chambers.

30 [00125] FIG. 1I shows a simplified schematic diagram of a detector module 180,

according to one embodiment. The detector module 180 includes a light source 182, a
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25 enbodi nents, the nunber of different dyes provided in the punp nodul e
300 may correspond to the nunber of chanbers in the chip in the detector
nodul e, wWiere11z76isif erent anal yte is detected in each clramseroiobooscexanpl e,
if five different types of analytes are to be detected sinultaneously, five
chanbers may be provided in the chip and five different dyes may be
provided fromthe punp nodule 300 to the chip. 30 [00142] In various

enbodi ments, a different dye may be provided to a different chanber. In
further ehipori4nmmit 5 detattingt dvtnpdyiest r8sywhieh micvbe edariged sabstantialyriabgnedei t her

sequenti al | r simultaneously.,ln further odi nent s, confji ngti on of
dyes, forpa’@ﬁ Mty G\i?i‘o?tﬁ?rhfré‘é Qﬁt?cf‘gy’é‘ﬁ 58y@5?mﬁﬁyn§l§ep?3@ﬁ 346, 1% or
exanpl e @pRveRh th'QighDases 982 3d M thlf eBENEinkRANS RS aftBngincisest WY be
provi ded to another chanmber. It should be appreciated that any conbination

of dyes wmpodimeptsofiFles. handhlE bwrars reitshewn m HG. & hfosisesesf illuytatig) andy,
varioys e di ment s, wai:fi.. .t e: Or Qv dul e 300
via tRe tUD §€'§.O§%elilogrlg %tﬂéﬁ&?ﬁg‘ﬁ?%ﬁﬁ%? %o ls%nlpf{ﬁelg&gaufl&é&ﬁ%?&gggsggovi ded
or transfedonédhimiseniBtearnlahirdobarhieertl88¢.he det ect or nodul e may be snal |
such that _air intake is prqyi.ded,to facilitate such fer. fromthe
punp nod P26 %ﬁglggbfoé‘ﬁ‘t%o&\éfﬁc‘imﬁlém %%fghﬁqﬁc%i%éggm?%s t he
punp nodylEp 390 Meibaihg AT the &bidRDnaligH CRaEte YoMISRMhateOthe eypRdignehhe M xt ur e

of buffer solution, sanple with anal ytes or biomarkers and the dyes (ie.
the specispesimgns reeniveshin thn chipd $4 An vanenscmbodimnts, figsst LD} 19Ga the, sefpndchanber s

(eg. Lhefd 073§, SR r T®ei t b §ighichanber
15 1d7c é‘fgﬂl Inglg{}?g?g% ﬂlllg %Eg h?%éor tﬁee I rst ‘g%n%g?%‘gg&stﬁfe 1glécond
chanber aGdsicas towdrds thhichig 184 andetrleds Substagtiallyl pespandicolir fthecldp 188) Invi a t he

val ve 322, .and the.first tubing.interconnecti C X he_ s i ng

i nt er connREPYSSb 'm%’tlﬁsdt[l{e}%ég?‘f ﬁ‘%fsa“)f‘% PWQ‘B? ﬁ‘{%??ggnilgg& tlthgﬁeqogﬁ, I%?)eis%)é%ct ively
connect e@dnd ¢het thitd TEDPBIUCi dno e tchipt B840br ilninistbpetithe/ peciteniae specinhbres M xt ur e
is then punped to the waste collector 326 via the tubin

. i g 20 .
i nt er conmeaythec an prgle al Qe theghin e Bowsydgit phouidhe a atey thatthe Lighty s
enbodi_ment s, .the first S .

i or dpum st ey % bl FE G o@B bl 0 SRR 1B T dra T B e
i ndi cat e stdvad diBDe ¢90boahdahe fHirdLEIR 3PO) hhf]bel in eleatricalionemindchitivanith, farhe
arrow, as represented bé%ézaindic tes the diéregeii on gf t he flow(gf t he

buf fer sG&KEPISH POFET SRS rasopiel Aol Wa agirplagteycas BEeComEC Ry (Fgy

sol uti on ,3QdirdyBYEPE I QUbAE delb@ritdI€ ii@tPhRchidH | €0t 0ind302 thizd MBleBiridhin a
conpati bl e environnent for the sanple collected in the sanple collector 302
prior t o intaesonnestiomE3S exgnestivelyand al so to clean the sanple collector 302

fter, th i . | ] i
enbod netdB} B SFIERRE LEDD (008 (Bllod! PEHTIoB R HRELETR 00 nhaibe )
modul e 2Qbggdd t6.ead) ofhe firh ehgmive 1888 skeondGhanberd 888 )and tiyd Hember d¥fged t o

g;g}[/:agqe o tt & E:hi%nl 8%”}09 qﬁ&xﬁl%atgnegt ﬁl%t slp%&mse};ss tlr(larinheofirsél cHgJﬂt)eq'bllS%a,dﬁltees%Eén n
chamber 188b and the third chamber 188c respectively. Each of the first LED 190a,

second LED 190b and third LED 190c emits light with an emission angle sufficient to

25 provide illumination of the specimen in one chamber, as illustrated in FIG. 1L
Accordingly, simultaneous illumination of the specimens in the first chamber 188a, the
second chamber 188b and the third chamber 188c of the chip 184 may be carried out. It
should be appreciated that the first chamber 188a, the second chamber 188b and the third
chamber 188c may receive the same specimen or that the first chamber 188a may receive

30 a first specimen, the second chamber 188b may receive a second specimen and the third
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[00149] FIG 4A shows a schematic diagram of an autonated detection system
400, according to one enbodi nent. As an exanple and not |imtations, the
aut omat edwb 2datogsision syst em 400 may i ncl ude t he det ect ecTisodaulo®ode0 (FI G
1D), the control nodule 200 (FIG 2) and the punp nodule 300 (FIG 3).

[ 00150] FIG 4B shows a schematic diagram of a portable detection system
402, according to one enbodi nent. As an exanple and not |imtations, the
portabl e detection system 402 may include the detector nodule 110 (FIG 1E)
and the chdiiiepll 38mmEY feceidd allﬂfd:dp@cm%)l THeOfixdEspkcifrets, thd €cohdwysecimacdndnat i ¢

di agr am of tEwgortabl e det e&l@{q p;éetem 404, according to one enbodi nent. As
an exanpfh® SRFSIMYD; HPY Bg dibigeent § n[b"B?tabI e detection system 404 may

i ncl ude W@Zdﬁtﬁgtd&ecﬁmgl&)ﬁl 314«91t (186 Gnclhlies: a te SIS deRictotOdRh ea 206bndF! G 2)
and the punp nodul e & . 15 [00152] It shoul d be apprem at ed t hat
any one ohotgdm@t@f19t2h@ndﬁdhllﬂénhqm;et¢5@rr18%#§diechm thedlugrasesnge erlightt ect i on
system 4 e tion
vt o aginedf 3he BRisfngled S5clshthe TH T Hisf U 1880 ARE SO cHEhGE, |

addi ti on,)88mandnherthiel cianitee lﬁﬁasr}nespecnivslyt Eathef dhé ffmstqﬂtotomwutoeswﬁay be
renoved rovid [ e, di rent dul es) o rOV|d L a

separ at eg‘?FBBﬁ ngom F‘Etﬂref% @Bd é’h%to Fredey g&ﬁu‘ﬂ {WP egnig € ﬂﬁﬂ‘é
conponentssticRadbér§ FIsaNSeccoRS Wh@SbeFBESH and Ak Elfshbe 098&811 tﬂetchsﬂwsu forbe
appreci ated that while the enbodi ment of FIG 4A may_include the detector

nodul e 1deteeiing the ighirgswitipdriamsthe fllyminged mcwmﬂrﬁa@m whembge 1§8tethet ect or
m)dulls 1%&011& RariR 189 2Rl w}ﬁﬁ&%h&#ﬁaﬁtsgéte%gemdﬁ,hss gRbedidenie. 9f. FI GS.
S thereo e 1 nco th the

1F to or any conbi nation porated w . .
enbodi rremtcsordfngl-'yi GSmultAndoos 4®t60215{1 00fl 544 nghtB eﬁnm:d)vfsora ﬂieovllllumglatedSOO

illustrating a 0 n et,ec

vari ous é‘?ﬁ? nﬁe‘ﬂttg %f i‘%%’? &?3091 gsgfoq% chafn Sne spec‘ftr?gﬁtﬁ}rg g%%le?rved in a
chip.  [108:156the AtupSIm mﬁ)h Be aimbd? a8t Itosheuld[RCippRRiatel thhd mmﬁmatoaﬁknwt h a

l'i ght - emttln di ode. 3157% 06, light emtted fromthe Ieast one

i | [ unmi nat 88 s‘g%éF“rPé‘ﬁ § $i gndithe, "’r’}ﬁg BAECETDY rece["GO

vari qys epdadidGiha th@ﬁém&ﬂaam%ﬁﬁﬁmecéw&lﬁﬁss sﬁ%@uﬁéﬁt Qfe%éé'ﬂ?n'd'cﬁﬁnﬁéfs'f em
whi ch is automated, nmay be integrate for exa with the punp nodul e

300 (FI G188) may reqﬂlveeetse@ndampql@en pnd (her thisdse erdiﬁrﬂ@nmsy recgveguthirdsanpl i ng

system i Qrﬁecgnéa { eﬂxe%%s? %c%ergxﬁm;; dhﬁegm ﬁlﬁgo Jkglkx%n ih y al so

conmuni ¢ or exanp tector Ie 100
(FI G 1AMiffeneht apeciménsol nodul e, for exarrpl e the control nodul e 200 (FIG

FI G ect e aut o; sa t
accor di né‘?qlggbﬁg @H@g?ﬁsﬁ’é’ﬁetclav ?Sm ‘ﬂ‘lﬂegtﬁﬁ 2 %%é)ﬁs 3 i“f?é’l ﬁde a
t el e960pic6mBmBA 6Pih 4bh Cdthéreo l?)@o\&d@ et | éhll&miimélﬁﬁ r g6f akhmpleThe dmel escopic

arm 602 may i nclude a sanple hol der 604 at one end to col]ect a sanple
whi | e t hembediment, an LED that is movably arranged in a light source may be provided to

sequentially illuminate the specimens in the plurality of chambers while a plurality of

photodetectors where each photodetector is aligned to each of the plurality of chambers

may be provided to detect the light emitted from the illuminated specimen in the
25  respective chamber.

[00130] Further, it should be appreciated that the configurations illustrated in the

embodiments of FIGS. 1F to 1I or any combinations thereof, may be incorporated with

the embodiments of FIGS. 1D and 1E.

[00131] FIG. 2 shows a schemaﬁc diagram of a control module 200, according to one
30 embodiment. The control module 200 includes a microcontroller unit (MCU) 202. The

control module 200 may further include various components or modules, such as a
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10 end of the telescopic arm602 is coupled to a body 606. The sanple

hol der 604 may have a certain size for collecting a certain anmount of

sanpl e. Iwovari@s®sienbodi nents, the volune of the sanpl echslcdern 6641 may be
approximately 300 gl. [00159] In various enbodi nents, the tel escopic arm
602 may be extended in an outwardly manner to a predeterm ned position to
collect a sanple, such as urine. In 15 addition, the tel escopic arm 602 may
be retracted in an inwardly manner to a storage position, for exanple in an
arm seat gpipRithIRdhid BSsERdiEpILy OClY) 806 aGiird&ie nddul- 2080P plutgity Y s@BLR00 i n
order to mnimse contam nation. [00160] In_various enbodi nents, .the

t el escopprd lghtresntinggiodes LR, mpressntedby the black 08candfecurepeditsp 20-ar m 602.
The tefl . : ' rXd i ous
enbod e g PRI A D o 1200 e Ay T 06
such t hasershrs andflighremistieg disdésn(LBDs),deprosamtedi kyathe dtocki20R, anskths gppert hol der

604. The ,sanpl.e.may t.he e punped, for exanpl pu yiia the
first 5vafi{?¥é¥g(§gg’ ﬁ#d 1?h§e%qgﬁegnggwu{}lga%’8ﬁm |‘E" ]g!))tl} gﬁg’tﬁg ?lgg'f‘%g
i Nt er confpgercbRiRstionsQeg.ewite)] forasampler SSepiesshtddybyd 202, whert hibe MCY 2006 or the

first chanber 107a, the secqond chanber 107b énd the third 25 chamber 107c
of the cHIay copoldhe enseatignob thess CHPRATERIS POBOMEFYs. 1A), via the first tubing

i ntercon mfshp in various ebodiRtAnd tﬁe?hﬂlﬁkiail nh & cARbe ﬁfs.PBS} (LED) 204 nia§@et hi r d

tubi ng i rconnection '3, respectively connected to the respective inlets
of the resqlkebwricxemplerfor theihsplasr ofinfosmatiane Thel wirglespmpdule 266 imthercrntredl chanber

107c., Theref or the tef . i de i iq fluid
cormilf c BT8R R0k e B fabitie PRaled B RS AR FePBelintd) 7L e
second chadaRr0067Ha aiteleésvontnhinichtioh prdverol.107¢c of the chip 106 of the
detector nodul e 100 (FI A) . 00161],. 1 n vari ous iments, ,.the body
606 nmay il‘m!ﬁghin ki) %Fggﬂé}%f‘tsa[“b“egfm t(éfrﬁeflfﬁrs &Pﬁ%ﬁﬁ'%@mﬁe‘?‘g@%pi c arm
602 in oydeps) RpfostREFLP e 6EELM8, kS Prétias mbifaceiolbehides, phb®daeabrssyst em
may be a plastic gear system In various enbodi nents, the notor_ and/or the

gear syswoehERsyofiibe dsteeionimasylergf Hangus resrhodiments, o of wdditiopg), pesipheslse t he
MCU 5.20 : C I I F Vi el si gnal
or cgéma d J\;(Iieg* the t\i/lvlg rcépggls%gﬁl ze(mz)gg O?F‘I%%Qnél) f) &é’é’gn%fsi gﬁ’tt %&%ﬁtﬁsz gBee
speci f i cakample, thOhié e may\bapraudedeiob odicaton L EDswhush as fier indicasinganomier.ng

system gOO is used ;gfath t he .detection system of various enbodi nents, the

sanpl e hGPRLPIEBIS AR 2 BPTEGETN&IENRt to, for exanple, the sanple collector
302 il UE[O(FFBKF(THeE}:ufrbﬁ @?@2W®%}?Vﬁﬁ@ 10 i)ﬂ{\ﬂglﬁﬁ]eni D) tharlighUSOL&a@oaﬁdnenL s,
in order to provide a substantially automat tem exanpl.e.in the
form of &FDaUROL0S SRR RghEdEteFtSr %Hleﬂéggcltll%cfﬁféisﬁé ﬁ?‘i ?ﬁ}s éﬁ??ngi‘%gé}‘rpl i ng
nul tigl exeanE]l 963 icBftroly MeCiitst’ PRDAF03a! dndShé 8dcBHd IUEDT163b &f fRYexcigloade, as

an exanpl e and not linmtations, the automated detection system 400 (FIG
4A) and fight sowres §Qhpiai thg faytselestricd Onterpanecgpn ‘Fheand,ths- seapnsd plegfrical

mul ti pl exed detectign,s e HBY: i Ok ith an
appar at ud® tfeo ee\(}ﬁ%ne%}or"y?:% 5‘(Zztg ?ﬁg a te;cgoﬁpqﬁ%@ﬁﬁgm(ﬂgﬂgthg?} ﬁ%&% gﬁgﬁgws a
per spect ilI8a ¥ndilie Gkcoad tIED &1 3ts ehitheRRCitaiopllight stpreehEl 2avib shes irsp Electyical

mul tipl exed detecti ,system 700 havi ng,the auto-sappl,i ng,system 00 (FIG
6), accor"&fF’i‘fﬁ“‘feﬁt“Bh$1e r%ga&ﬁéﬁ‘fo.ndl Cqfay IIgERNNeEHin g‘% o‘-ngtgﬁ'pﬁafeng} the
mul tigl exerc@ehRatleqmo st B #RGLghURE birRiAs dAver 210 aTHiocaRethe figst MBDsi pl exed
detection bio-sensing 20 system As illustrated.in FIG 8, when in

oper at i orl03%hél Jaehuds depisecondnl BBy HED. Hd3bxicesmita ight bwdps Che Ifgavippdan
out war d| Xva@glgﬁélﬁsné?v@v&é&%}ﬁrﬁ@aﬂg%t?%?gttb ¥R d;ra%ﬁea bfifol the cRAHRLE, thithi ch i n

this case Is or testing or p ssin e auto-sanpling
mul ti pl exexy detiectthonfleysphons 700 theaychbmbersetd temitl eflusrescensg! yine yandus

interest, such a r ot ei . glcose .and bi omar kers, . Detection of different
anal yt es e@gﬁxg&engcﬁ]le §%81QEI§?V§‘ ﬂ% may be a constant currént driver.
30 [00135] The control module 200 may further include a switching circuit, S, 212, in

electrical communication with the first photodetector ‘A1°, the second photodetector ‘B1’
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25 changing the dyes in the punp nodule 300 (FIG 3). [00164] It should be

appreci ated that any one or sone of the nodul es may be renoved fromthe

aut o- sanpivongimakdsi pl exed det ecti on system 700, dependi rgTSG2010®00461

applications of the detection system In addition, one or nore of the

components in the different nodules may be renoved (ie. not provided in the

different nodul es) or provided in a 30 separate nodule. Furthernore, one or

nore nmodul es or one or nore conponents in different nodul es may be

g (r) 8vi deccll:i and-@le ﬂﬁﬁlrrpléao?e‘t&mﬁt =% &iﬂtﬁa &?t‘éﬁ{dr rlﬁodﬁlé t1iop| (iEI(Q.d <1:| Dlyi ok ahd ifest system
, a Grceuit may be further provided in the contr ule 200 .to contro

t he oper Bhotadetestor; ‘A . dhg tseandpiiotodgtestps { B apddhe 'g’éféli’g%’g%?‘ft% rﬂ}gf)ﬁ@‘emt or in

the autogy hBGul_%ylslbe('fiF[@.ofh)E PorCret &V g ARE eleBirlcACTighdhE cofieRSE BBIC R M 602.

[ 00165] The operation of the auto-sanpglng mul ti pl exed detection system 700

| Nt egr at eptical signals i thetfoith of flyersscegcdeteriedy the phetodstebions. agerdinglyist r at ed

in Fl wi ] |. now.be descrihed., by wa f e [y tations,
and vt hoiesPBrelBRtie SoEREENREn Biprit el SARTR fosFiRp Aftle Lo G
enbodi mefdryeceivifi@ e €dédtiedal Bigyall I dider tobaisfairoy relgidetyolosobdckglouind aoise,
aut o-sanpl ing nul ti pl exed detection system 700. The contpol]er n
communi c &R&eRfape %@fwnaum é*mﬂqcalgzmﬁ% gy b atrief @celio & a¥@le700 via
Wi r el ess e GRIbNiaGdtdnAssidt fitkrsest §REBMENVEAdrdths, AhE aCaRtipl?! tbesoupRyee, for
exanple, a renote controller in the formof a renote handheld unit or a
cont r ol | excighipn ansk espisdenifiliers fothe ghetpdieaiprsh the toil et seat 800. [00167]
Usi ng,a I ' Xage ' . | t, a
user 107 o IUTIOE RARR! huliblchod P RERER, SenaCrRHOR o ONBF BB BT 0y 10
start t hehet @sitrol Tiudalel B00. ok ieatmples ke tlestticaegjgral malp\besampliifitgl by an
i nstruction.or co d 1o the caontrol dule 2 I | v.. Waen t.he
cont r ol Bt SAoPRae peee Porstrd HEsebmaaast Mot Ui IO AAGPE S nay
send a C{ipangtaisigralsWby GineafldprOldgal doavéhe @Oy 288Ploi p@vENSiEpe600 to
turn on the notor 1n the auto-sanpling system 600, thereby causing the
t el escopr@Phiication to;jensyre dtaly rerdltsswhité eravidipe 2 whitively high siggalitp-ngise
out wag dl ggnner to a 20predeterm ned position to collect the sanple (ie.
urine§ %3 168] A fixed amount of urine is collected in the sanple hol der
604 when[QH87usE6. 8 chewene eshamaticadiagram dfra pwinp reodwe B0, ackrdinartplaaehol der
gggu: Z g ui)&ﬁln%rqtt ’Ithg ptug% rﬁc‘?‘&lﬁé So& %lalyelﬁélgclie 2:1)’ ggmp% cloiltlecltlgrt {175 t%dcoilgcttarr]xﬁ pump

' hold the sample. The pump module 300 may include a supply of buffer solution 304

which may be pumped by the pump 306 via a first valve 308a and a second valve 308b,
20 and the tubing interconnections, for example as represented by 310, to the sample in the
sample collector 302. The buffer solution 304 is provided to maintain a compatible
environment for the sample collected in the sample collector 302. The buffer solution 304
may also act as a diluent to the sample. In one embodiment, the buffer solution 304 may
be a borate buffer. In another embodiment, the buffer solution 304 may be phosphate
25  buffered saline (PBS).
[00138] In various embodiments, a specific amount of the buffer solution 304 may be
provided to the sample collector 302 to produce a mixture of the sample and the buffer
solution 304 in a specific ratio of approximately 1:1 to form a specimen. The specimen is
then pumped by the pump 306 via the first valve 308a and the second valve 308b, and the
30 tubing interconnections, for example as represented by 310, for transfer, for example, to

the first chamber 107a, the second chamber 107b and the third chamber 107c¢ of the chip

29



[ 00169] A specific anount of buffer solution 304 is punped by the punp 306
via the 25 first valve 308a and the second val ve 308b, and the tubing

i nt er conngot2oomgsosiior exanpl e as represented by 310, toprChscaenpbes(i e.
urine) in the sanple collector 302 to produce a specinen of urine and
buffer solution 304 at a predetermned ratio, for exanple at a ratio of
1:1. The specinen is then punped by the punp 306 via the first val ve 308a
and the second val ve 308b, and the tubing interconnections, for exanple as
r epr esentléd obthellkctod Gnddolet 108 (FHG.pl D)OG tior fitshehaimbes 1 20ah hetsecontiGhambeérthe

second c er. 107h. and the i rd chanber c ,of the i f. . the

dot ect or 1Ak atpgRrd hant 42p; pEwe R i ifesSsmerenigh LI0TRC e
secondt t Wi thE fiks bubifORResdnnedtion2]’, tiededdnd thihg thtdrbdtine@idnTLesRnfo aaid on ' 3",
respectively connected to the respective inlets of the respective first
chamber 1ebiRg IBEEORRECHRARHer TaSPTEvElYd comierigd civatiserespostive ey 7] theor
detecgingmﬁagkggﬁ analytes, 3 different detection reagents such as 3 5

different dyes may be provided. In various enbodinents, a first dye 312, a
second dy@01394 Iamoder tohtast] and/er 8¢@¢t differqntimpelgtelyyort biemarkeps 80 @lisgasgs;t he

first valye 308a and the sec val ve.308h,,and,t he tubjn .

i nter conr‘iiét‘g‘?frgrfg',es e %%(B’f?ﬁﬂ‘%ggg ?Ié‘bsggeé?ﬂqe%mﬁ?}’h?iso‘,mﬁgh? %léalgtﬁsegf $ehs in

t he chi p sd@fle OUsihf EheSdctidivRérss off FIGNED hiithhe cip e inclalling thelfistsshamber chanmber
107b and the third chanber 107c sequentially. 10[00171] When the fjrst dye
312, t he 18 dbrisgged Shamberid 07 and Hherthirg; ghambes 10{e,anddbn 3 ASrABaamRlco t he

firstochagpabt HRifRion R o?&T W tsE D ANTRSENt HELERR BF aﬁzflﬁpi hi diffefeh mdy/C, each
of the first dye 312, the second dye 314 and the third dye 316, w 'l bind

to a spedebpravidedaRefemingstadhe pummmpdiladp§ obRith 8, hesupply of A firsidyeplhe sanpl e,
to forma fluar .l R.vari i I , e second
tye 914 asteni ALEBRPhag 4 iBle0R, D RE bIRPLLHy, bl fulnll Ko Al fhe e V1S,

chanmber B0Fa,and e Secanddvalhariosh, A theandifgd éntblebnibctibmyifor eididple dsn

vari ous enbodi t the first dye 312 nmm e provided to, the fi chamber
o7 n o EREe BN By 31040 dnd dReSnsy gt it chameag J0 R petmLiEbes (% Sna Cre
thirdsdyend#fe BRI chanbdr Q076 sshubmidllyeThdtbfosk, lididaslectidh/6r diffedat/alalykdy vari ous

enbodi ments, a punp nodul e may provide a sanple, a buffer 20 solution and a
respect i w&bigmagkers eriiseasgganay hesichigued yusingecsingle sample gefstestone speci nen to

cach of B} thSTbunBoBATRLAAlorlichin 5 LhEFRfeAkORA MG For

exanpl e, unp no may provi speci nen 1 ncluding a’sanple, a
buf fer sél6t inmay ded aa fluoragenidetdget Tba flauergeeric (dyg may ibestfludyesyamioe,a fir st

CHaTber S Bon Bt A A RBE R BURA R o

20  naphthalene-2,3-dicarboxaldehyde (NDA).
[00141] It should be appreciated that the pump module 300 may have any number of
supplies of dyes, depending on the number of analytes to be detected. For example, the
pump module 300 may include between one to eight supplies of dyes such that the
number of different dyes provided may be one, two, four, six ar eight dyes. In various

25 embodiments, the number of different dyes provided in the pump module 300 may
correspond to the number of chambers in the chip in the detector module, where a
different analyte is detected in each chamber. For example, if five different types of
analytes are to be detected simultaneously, five chambers may be provided in the chip
and five different dyes may be provided from the pump module 300 to the chip.

30 [00142] In various embodiments, a different dye may be provided to a different
chamber. In further embodiments, all the dyes may be provided to each chamber, either
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25 second dye) to a second chanber of the chip, etc. [00173] FIG 9 shows a
schematic diagramof a reaction of a dye 900 with an analyte 902 to forma
f | uor ophowo20#/07ameor di ng to one enbodi nent. The dye 90@CT®G20@/000461
fluorescam ne, which itself is non-fluorescent. The analyte 902 may be a
primary am ne. Wien illum nated and excited with light at the appropriate
excitation wavel ength, the 30 fluorophor 904 emts fluorescence. In various
enbodi nents, the first chanber 107a, the second chanber 107b and the third
chanber &lentidly bi kidiudtahdousx ilwifaithe éhbodimenth,t ardondbinatior sefedyes, ifort ensi ty
fromthe fluarophors 904.,&@0017?e In order to gxci e the fluorophors, the
MOU 202 EWHBRIG| tWoopfthees, difterent yes.  2py | hepprpiieled dovg ar X agwis AB° CEBYP03b t o

emt exXCihAhBedd) ahll AMdifferedi GoritiBation! sttdy@ &faly'beCitbvided B SotppRAshb&N T El * and
the second el ectrical interconnection™ E2' "respectively, through the

const ant shawl¢ beiappiediated that any cpmebirationtod dyesmay gmp@vxﬂieti o apkeqnphigation

wavel engt g‘?ha% evgavel ength ranges and intensities are projected to the first
chanber a, thlé second chanber 107b and the third chanber 107c of the

chi p 106[001a8]L Ib vararenibodimsges; iain iatake aayt @sOB2progided tal diceminapl moduler esent

in the uripe. s | e, e 10 anal yte 902 will bin .th the dye.900 to form
a fluor oﬁﬂ@r‘”@&?&ﬁ’& mer&eélﬁﬁ’ﬂEC%/t@da’leu‘lth mlﬁ’g‘t%’ﬁ i ‘?Pﬁt B‘,%Vid%g or

f 1 uor oph@hndfsréd fbgetle tpanPNinbdidlk YO MRS de8Q6r RdULIBGnA) Bé Sinkll Guchahaelagngt h or
wavel engt h range. The wavel ength of the fluorescence emtted reflects the

i dent i t y insfke: iseprayided, te fayditate Theh janrangter tijomy the pump medulss i Hicededsatert ed | s
propgpti P[[gah to the concentration of the corresponding target analyte in
t he sanple. IfS [ 00176] The fluorescence emanating fromthe first chanber
107a, t h¢0tiddprinl vatiausbanbotidiénts rible phapthodude 30 ndag rfutiétcinclude esktandt ed by

the first ph detector,'AL' . t cond.phot odet egtor .’ 131", .and.the third
phot odet 83‘?‘8%58@ Ie%?vetth%nﬂ’é%c{}ﬁ%g&) %‘ﬁ%rﬁ?mli g" é’lxt?sr%rtblﬁlﬁg k&et ect or
"Al ", thed skcapd @hohedpiants), o lexampldaftdiecoindpletibnpéfothe deste Gonr theC 1
may be phot odi odes (_PDsz. In various enbodi nents, _}he 4I uotéﬁ cgnc opti cal
si gnal s ghambess fsgr the gt ehamber i Hiy thy secand gharebes,l0h arg e §° R on
filt qu 9b78 Qseﬁlu%ﬂraﬁ PBVEIEND B the GirtUhdhnBe1 708! fHeis¥&dnd dhasiBEY 120b and

si gnal -t o- nol se S/?\l) ratio and then converted into electrical signals (eg.
cur r ent s)Yhe thfrd chamberr 28 fas dliugtrated im FEGt Horvia éreevalneeB 32y andh theclimst wbingnpdul e
200, which is in.elecgtrical ¢ Lcat.] | he,.d r d 100,
from eacﬁ’g}%rfo%egn?rf rg’ 6‘h°ot58°3‘ ector "J,&tgl%o&etc{s}%%o?d %ﬁfgﬁ%%et%lggt #ﬁgB " and
t hi rd phaitedeimeeti@r ‘Z2°’Crdspectiviely tdmme@bd soithe hispegptiee rontets of1tBe réspestwiet chi ng

anong the first electrical interconnection 'A | the s nd. el.ectrical

i nt er conGRABPEH ?13“ mixyre f% then pymReds &9 rtﬁ%ﬂasfenf‘@{gﬁgﬁﬁégt V8n eCmrl.’ff’(gnnect ed
respest i abofiRchidle fér dkahpRhotqrakrea oy 324 ', the second phot odet ect or
131" and the third photodetector 'C'. Subseguent ly, the si(?nal S are

anpl i fi ed0W¥Shn apxinustembediments, thedirapump X00gnd the ssepndauang 313G, gy bepr) 216
and di gi gﬁj&%ﬁu[\qﬁ?th an anal og-to-digital 30converter (ADC) 218 into its
equi val ent efectrical currents in the opto-electrical system

[00146] In various embodiments, the arrows shown in FIG. 3 indicate the direction of

flow.

25 [00147] In various embodiments, the arrow, as represented by 328 indicates the direction
of the flow of the buffer solution 304 provided to the sample collector 302. The buffer
solution 304 may be provided to the sample collector 302 to maintain a compatible
environment for the sample collected in the sample collector 302 prior to the testing
sequence and also to clean the sample collector 302 after the testing sequence.

30 [00148] In various embodiments, the embodiments of the detector modules 100, 110
(FIGS. 1D and 1E), the control module 200 (FIG. 2) and the pump module 300 (FIG. 3)
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[00177] The anplifier 214 may be a transi npedance anplifier (TIA) while the
LPF 216 may be an 8th order elliptic lowpass filter. The ADC 218 nay be a
16-bit deWwoaesingsms1ADC to convert the currents recei vedPCTsGRotomoddcr st

phot odetector 'Al', the second photodetector 1' and the third photodetector
"C1"' into digitized voltage levels with 5 anple anplification to provide
relatively stable electrical signals or results while providing a
relatively high signal-to-noise ratio. The electrical signals are then

pr ocesse¢hahbetahandddUo Foavidmneither an astpnated dletzotidrheysteBDo2@ gorteble deeationt r ol
nmodul e 200. 00178] In various enbodi nents, the first photodetector Al
t he secof¥'Phot odet ector 131' and the third phot odet ect or 'are

confi gur gsb149) FE. BRAHBYS! 4 @h@mﬁt? VHiaBREE o @n Awtobatétd Hetb@iond: Jﬁ@ﬁﬂﬂ@() ,any

noi se current. However, if hi gh speed response is require the first

phot odet aesortingyto ortehemb@(b@ﬁer phoeB deteaploand 1t limitghonpe the pytgmated

hot odet de. The
DROt Ot Bk dlop T o AL AYUEt bl 6 AEPIBYGAL UiPbagRse. T

art as sGOOr(FdeZ)mddlthmpmnﬂnmodelsém)ﬂadi Bere. [00179] In various enbodi nents,

t he cont 0Q nmay al so he 1 el ess | e 206.
The wi re @géﬁon%%1 éﬁ g‘%’“ﬁa@ SSE gﬁﬁﬁ‘gp \ﬂ?tan PPH%‘ﬁ%. cgeﬁfwgorspsé’%te’flr ion. In
various Qé@ﬂﬂhm&, erﬁﬁlﬂnﬁé}ﬂtAghn Bﬂﬁlxbﬂle aﬂ@ﬁotﬂ&ﬁtzﬁﬁn@,hh@péx@abﬂd’ adisdtioh

el ectrical anal s or comrands wi rel essl wi rel ess protqcol_ via the

wirel ess SYFEf‘d'm @2 yay W@“@%@etdé'le@%w%lealrlﬁr(g@ 139 and dheseqngobmedrie7@0sy st em
600, for (AE25P le to collect a urine sanple, or to the detector nodule 100
to start the test sequence. In various 20 enbodi nents, using the wirel ess
nmodul e 20151 &IGoACT showspa Ldcher20® divgribl efta portabls ndetection siystemi 40d, f or

S?ggg!sgl %%% es (érgesel{%l;oéalema Lesz: 1 sﬁ\{e Cen{l(w lu%taﬁlo%s R.hg égr?at ei?e(%ecqlon

cl i ni cal sj%&l’xﬁ@ﬂmmhy (2thde ahaddetdcer module 110 FIGt 169) nthe cartroanﬁﬂhle 200¢FES. | n
addition, usjng the wrel | e 206, the control nodule 200 is able to
transmt%?‘lé’c‘b??'&‘&?“@dﬁﬁél%g(ﬁﬁggssed by the MCU 202 25 and/or after

di gi 5z arrooqaz]byt sthﬁﬁld%p?ﬂe%laté@ thet ﬁ@&inx oY isBm@ oWitlicehbddeLMmey 86 ¥méveda renot e
devi ce, such as a hand d unit or renote controller for the detection

system &oni thsl ayomafed degechpm cesiem rf’g?ou the porable detggiéon,pysteny 403 erothsi nat i on
t her eof Y/ renot e
controll éQ}? gér) ?tkégloéﬁs& étgrg?r(r)gr?e%ghdrﬁ# ﬂfee%i)d Eﬁiegt&egtf ?n%ndegey%/tslﬁg SEI)%%:%S uch as
a renot e atditickg|cthe Wnintqre of tlee Sdnpedineps aythsvrditfelsut:tmodlsleamm ibetremoved (¢.0cessi ng
unit such as a. conputer.. a stor uni t r a conbi atro t wher e
Daer s or mcoroRided i the il Rat MOARED dibrinke S SRE motlic ASHRR R £ o
exanpbe eNEsr hb@ rhdtfuf¥Rk on@eiindiecompbidney 1nl31liﬂﬁ£i'a&$ildlmles sigybegeovidednd
plotting and/or display. In varjous enbodi pents, the auto-sanpli nglg

mul ti pl e 53k fieshoridbesprresiated shat wyleshe me@éeewftﬁ{@ HA magydaeudg
heal t hcag eax%same 106 afid {H3I eabodmBiRtsy SF MIGS! 8B e 4U9Iﬁ$y rneﬁlué b dERttdRe

accessed aut hori zed personnel, for exanple a famly doctor, via the

5i nt eret nwdtlh lpastbmmd'lguwwm 8 iWastratad m[thmngqdlmmts/afﬂéiﬁs 1B it bborraanit s, upon
conpl etign t h t 202 may
send a c8n%§mauonsn§ere°% E‘glsn%o'?’ I?Eed t%@% %d&%otssogﬁ |Snlggsy ‘em 600 to
activate [0(1164mﬂl©r 5 ishlowd & flaut «:haﬁaﬂml 1llngrasy1g taanethod fdro:oneblrhagta deln:tor

t el escopi m 602 _ i ncl udi ng th ng)l e holder 604 in an inwardly manner to

2 st or ag@oguei $eGHing g various embodimen
[00155] At 502, at least one specimen is received in a chip.

[00156] At 504, the at least one specimen is illuminated with a light-emitting diode.
[00157] At 506, light emitted from the at least one illuminated specimen is detected with

30 aphotodetector.
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10 exanple in an arm seat provided inside the body 606 of the auto-sanpling
system 600 to m nim se contam nati on. Subsequently, the buffer solution 304
i s punpedwbyoties@unp 306 via the first valve 308a and trhe/ssecondosal ve
308b, and the tubing interconnections, for exanple as represented by 310,
to the sanple collector 302 for cleaning the sanple collector 302. The
buffer solution 304 in the sanple collector 302 is then punped by the 15
punp 306 via the first valve 308a and the second val ve 308b, and the tubing
i Nt er conQENASSOMS varfics egnbadirhentoa sanplies eydtan, dugh 33 Gn abw-¢anepling sgstemhanber

107a, the _second chanber 107b and.,the third chapber 107c, pof .p 106
for cl eaMinifd 1pavipEaiss, myy ée pieerated, der ¢xamp “i“tlﬂ‘ttgg@btﬂﬂ é‘lﬁdflg’r? Otogﬁlé"t e second
tubi ng i &S1eNRSAELHIONN variods mbbEmchis! e laufdl daenpling @za&ﬂnﬁ@g;ia&a widh,

respectively connected to the respective inlets of the respective 20 first

chanber f@7exampée: thedpurnamnsulel 306 (BKH Hhinay alsqaeaserpunioate willy agjetecfaani ng
the first_ gh er h a 07 i agher 107c,
t he b%;f f glro(&g%rg?ri %’é%ie %‘fqeeﬁe‘%ﬁ%ﬁﬁﬁdﬁfét {@?(ﬁlﬁé 1??’?%9 Ic’:%g‘r‘rfé@r {"%@g’, mt?he
second cheminde tHeOcontrahshotidie 200i(FIG.chaklier6 0w abperspieetipuvipw3fGinvaugo-t he

val ve 322, and the fjrst tubing interconnection 'X he second t ubi ng

i nter conﬁ%ﬁlﬁ}“@rfy“‘?m Quacepwing rod‘etef]’r!i’f’gﬂ‘ei“h%[g?@li'f?ﬁ%?ﬁll}% Sys%m ggo may
respecti wRlude %Ota&@&agﬂﬂmhp 60 avKiEls BRGHeVE tédhbletand @étrdchdld, ahpaélticupicl i r st
chanmber 107a, second chanber 107b and third chanber 107c, as waste. The
wast e i sammeh2 pumpeciudsya samplophelderolld at gne prd (gcallsctotampls whilgthe qther ¢ pe

t ubi i i S ivagly, the
aut o amgd o BRRRELAfE ot B0 FASIPSE (CTRIGNGE T St htdl SRR Y the
next test.cefhia siteofoe collotiegsa eataith emauntoofasampdd. Iy vaoinuy einbedim@atsathd

conpl et ed t aut os sanpl i nultipl exed detectjon system 700 on its own.
[00182] ﬁ?‘léxlefgﬁée%wgla’&@?ﬁg‘?ﬂaﬂ’aag%f ’élﬁnaatte:ii%gg‘lfﬁfgram of a detection and
anal ysi s [6MSYE T :80us Ramedintits; hhe atte@opi@nain rg®2niiayi e exeddaeieahi on

system 700 as_an exanple and not limtations, according tq vari.ou
enbodi neAYVardly dnajinet i msestarpinedqRRsition ©yeqllegt PéﬁmB{}StS Y%

||| Uk nabididod, Nfic INEEHITE Ak R ARRY BE rérdoldOnOANRvaRilf QAHAUNE 4 Qfagand

i nducing fluorescence fromthe fl uorgghgr ~conpound 1004. The fl uorophor
conpound pegitien, feryexampleoinnascarhy gsat provisigd inside the bade A0G ofithe avtrtsampliagal yt e.
The fluoresg . el g-g ﬁ ed by an optical system 1006. The
fl uorescé%si%rggg(?}ncoéflértst?gna %eg%gﬁgﬁﬁag%%\/erted into an electrical signal by
an opt o- ¢00d60) it airichy embodil@88, thb édlescepiberm 02 map smiludeadeflon mbs ingrdal

processor, 1010. The sjgn rocessor 1010 be 1 rovid in a.control
ol o. - HcoErgRiE o, 5o Ll TR0 S6PaTagy PR A TIPSER 8F PRRTF IR ot M

el echpi ChridisHaHodAFent£ER) #¢A6n AbeRHHEBS SorinbBEie@ ke tHel dafhiple Bdl@drado4asdht hen
transmt the processed si %;gllg to an LCD 1012 for display and/or a conputer

1014 f or thet drectsBpmgbsris én Spidgeommmricatiogiyith Wﬁé’é’é“oh"@@l@“ﬁgye tsi”_gﬂl§rri t the
el ectri Cﬂla?zsth&{‘ﬁ{a pu f,ea,%iele%ﬁgplgfb}pﬂﬁ do6 id R irdl VALEI68Y and fhed

W rel ess protocol "or"a wired connection to the LCD 151012 and/or the
conput er s&otd valve G08B{FIGn 3); and thestubing duterpemmestions, faretemplemsgeprosedteda

portable.s em, far es-n the f f I tiQl

det ect | Oﬁyg’;é,ttgﬁl}e ‘m?@%{’?‘iﬁﬁf tﬁié?nécﬁrﬁgzé’%esﬁ%ggﬁ%%%%(b% @%@9 %@%dncl ude
the dst e@hﬁﬁl%dfllldllkki ef tht GhipFI06. oflfﬁa daedort hedule mgm l(mcrmm)u,l wa ﬂfwfuéi:ﬂrl:ﬁingZ) : glhe
operations o i ke conponents, features or nodul eg, present [n.the portable
20 det ecifERORFEHM AGZ%FF@"“QBS“%% “ftﬁ’ém’éR?PB‘?%a%pl‘f“r‘?g%ltb’ir I‘é‘g'élé

det ect i O'ihtéﬁééﬁrli«‘:l??ic?xp@’,(x%é&tctri]@ly cOfrRciSl bs tRMNEdpREAV iBlef dfothe digedtiverRérore wil |

not be presented here as e explanation with re_gard to the |like

conponenichambas 107a, sscand chambercld7prand drird ¢hambre1Qet Sherafors ithytefion tubs| exed
detection system 7 F A / i M . @%m ri.t he
por t abl emc?gtaesgﬁeocr?gggésrfé% H%%g ?ﬁ"t@%ﬂ@lﬂ : gg{l{%ﬁ@%‘l’ e b%&*{*]?‘g%f‘é’g 6t ection

syst am 46k fimycHambes B aathy sbaimnd chymbérel 00 and tie thind chansken 87 effitbe chipe it at
hone, in the office or ri eir travels. The user may first provide a
sanpl e, éh@ﬁf'g'gdﬁﬁeFtﬁb’,“og‘ﬂeéggﬁéB}oé‘éﬂ e container. In this case, the

portable nultiplexed detection systemfunctions as a portable nultiplexed

detecti on bio-sensing systemfor detecting analytes in the urine sanple. In
vari ous enbodi ments, using the 13




30 portable system 402, the user may then absorb the sanple into the chip
116 (FIG 1E). The chip 116 is then arranged into the detector nodule 110
(FIG 1E)wenditsising may then be carried out. The chi pprtiScaey/ibeica

di sposabl e chip or a disposable biochip. [00185] In one enbodi ment, one or
nore dyes nmay be manual ly provided to the chip 116. I n another enbodi nent,
the chip 116 may be pre-coated with one or nore dyes for 5 detecting
different analytes. In various enbodinments, the chip 116 may be pre-coated
wi th ant [(9a6y] 9 vakousdembodimentpethel balyab@®d ytagsSinclude acmatoplandivhen gedre chi p
116 is used faor the detection of cancer markers, such as circul ati ng tunour
cells (cméf)m? TV tﬁ? Frﬁ?smlﬁévné gyPdentesextaad @r r%@%ﬁls\xg'“&om A%p| e

detect OBOQWW%&J Rlay D¢ RhSic gtat YRt THVAfioR EddaReds, T hoRdrexed
detection system including the detector 10 nodule 110 (FIG 1E), Itjhe

control nuded the 260 sysE¢rmmay)begantrelled by armicrasgntrelles goit,(fry exampje thy

operatio | i 0 t f . | Ntk ortabl e
det ec%i ogézs@ggé%f%ﬁe {;‘%%&?ngg?leazﬁgt(ﬁog%&8{%:1_”{8@%%%%5%%3' p i{ehge‘gfglgt ection
syst em 7@Greless moduly 200 (M Gs 2)) sdrapliana With thé AigBae speodficatimr. ef ore wi || not be
presented here_as the explanation with regard.to the Ljke conpanents,

f eat ur es?%l%%]o&% I"%‘%O‘ﬁreg)éi%ﬂ{m‘f‘ﬁtﬁ’ t"ﬂl—?na{fﬁ guto Smglé?ﬁ)fxsﬁg‘.ﬁ@‘ﬁ% ‘ﬂﬁegp%’ﬂi @‘Qt ection
syst em 7@QedifonGystéin SVaridEs snBbdidicht¥, B RhinpRHoEdR B0E nia3 bd Efnivadenk ad)| e
detection system404 (FIG 4C). £00187] The portabl e detection system 404

may be ufwdxamnplaHbe sample collectps P2 Hlustrafed in the pympimadsle 300e it at home, in
t he fi IL.ng . thel f: v : ' first
b oviide. 101881 B Chebhs Aobinhdny B Bract B GiSiE BRI AR | T 00
t hen abs forbextalnples mnhlecformtaf anhautehampplirgomiRiplexed Eetectitre systém, the Gukes t hen

arranged into the detector nodule 1 Fl E) . hip.l16.my he a

di spos abfszgnq:lmgprnﬁllnpgangggtggtgm RSN S.ﬂ%téa]t%‘ijb“sgggeﬁwagr%%hé%es s%san may then
be aut ongiffple ahEHotafniRitions, thd Whtdifeddetédion sgytes 400 ORIG. Aa) ptidheranesdl € 300
to the chip 116, and the testing sequences. L00188 I n anot her Sn‘oodi ment ,
the por t sBnRingeyeem; R (&1 Qntheaorsamplinermutpiened drieton sysiem 8¢ 8% anpl i ng
Syst §m 6g9 EJi&gil 6} ihBLARAARE W ddpatahR &ﬁ_ﬁ@vi@%ﬂ SoliR0fhd @ PV, doran

aut ormat e ortabl e detection system In this enbodi nent, the sSanple may be
col | ect edxdmple,nBIGaL shavestpl nierspeetivst daw 60 deilet tshatn8Q0r emplozingetie Mpta-he punp

TS SO By s gl it SRR papadl e ' p
det ect i O(FISY 8}, edtcoddingatd ons embsbdidiene ninsthisayass) theealasdraplyngd owdtipdekedr
operat eddgtie:cizati(}nhse}'strg?rli 980 %lm%%;[ngsi gsl 1z"n}/'auto-sampling multiplexed detection bio-sensing
20  system. As illustrated in FIG. 8, when in operation, the telescopic arm 602 may be
extended automatically in an outwardly manner to a predetermined position to collect a
sample, which in this case is urine, for testing or processing. The auto-sampling
multiplexed detection system 700 may be used to detect analytes of interest, such as
proteins, glucose and biomarkers. Detection of different analytes may be achieved by
25  changing the dyes in the pump module 300 (FIG. 3).
[00164] It should be appreciated that any one or some of the modules may be removed
from the auto-sampling multiplexed detection system 700, depending on the applications
of the detection system. In addition, one or more of the components in the different
modules may be removed (ie. not provided in the different modules) or provided in a

30 separate module. Furthermore, one or more modules or one or more components in

different modules may be provided. For example, for the auto-sampling multiplexed
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[00190] FIG 11 shows i schematic view of an information system 1100,
according to various enbodi nents. The information system 1100 nay be a

Wi rel ess weesmwarrskssecur e i nformati on system and may be wreggGhon/ovéue1 si gnal
processi ng, display, storage, dissem nation and access of the test results.
The information system 1100 may be used 5 for controlling and conmuni cating
with the detection system of various enbodi nents, for exanple a battery
power ed bio-sensing detection system [00191] As an exanple and not

limitati QReectidSysht 760,Ya pRVES fdy HeOABASProgidd@ i tid euhudy HioddlenZ)0 ioncl ude
one or nore of the follow ng conmponents and features, depending.on the

usage an(foatﬂﬁlth%al’?r@)‘rﬁl ofjthe alélﬁ sapliog systam B0.syeh andriving ﬁli“%:’ln@tof iRy the ¢
control g t%tsg QE&S%QF? &nhlag{iuf.euggtqﬂg felescd¥ic ARt 663 ectrical converter

nodul e. ntro or col lecting raw data and anal yzi ng the dat a.
15 An allmiaiﬁh rﬁneuopesagmreﬁﬂle @@Dq@mpbhg ﬁmitlmxgp Idetpctionsystewe300dntegratddonal

keypagﬂ f Qr. Vi t I on t.r ol er at /c nf ryn et ection
Syat ot . v e ps SO adhe o BheBRRRCPhORFER KR bodi! M *quiCi
t est one desuribBd, yewHt dfeRamples aﬁaaﬁmrlaﬂutamunmﬁe withDefefentestto FIGR 1D, 2-3,

i ndi cati ons such as power iIndicator, for indicating operations or processes
of acquiﬂfh@léh%ple di agnostic, conpletion of test, etc. [00192] In

various §oP@g} MR \afioud aﬁbwﬁeﬁ@a& Iceﬁtm%éstlﬁdp fH8r B@)brdd”@éduféeccﬁmﬁp Ut er or

a laptop 1102 with a suitable graphical usér interface (GU), an XBee Pro
modul e 2ammmn1pbng oomtiplexed ateteghnom pystasm M@ t Thei qoptrolertmay ¢<mpmwpca}qwthand a

port 31*8' € s (saz;[mpqn Igtmlﬂ{lplexed detection system 700 via wireless communication or wired
communication. The controller may be, for example, a remote controller in the form of a
remote handheld unit or a controller unit provided or integrated with the toilet seat 800.
[00167] Using a remote handheld unit as an example, in order to begin a test, a user
presses a button (eg. a ‘Start’ button) on the remote handheld unit to start the test. This
15 initiates the test sequence by sending an instruction or ;:ommand to the control module
200 wirelessly. When the control module 200 has received the command, the control
module 200 may send a command via a wireless protocol to the auto-sampling system
600 to turn on the motor in the auto-sampling system 600, thereby causing the telescopic
arm 602 including the sample holder 604 to extend in an outwardly manner to a
20 predetermined position to collect the sample (ie. urine).
[00168] A fixed amount of urine is collected in the sample holder 604 when the user
commences urination. In this example, the sample holder 604 is equivalent to the sample
collector 302 as illustrated in the pump module 300.
[00169] A specific amount of buffer solution 304 is pumped by the pump 306 via the
25  first valve 308a and the second valve 308b, and the tubing interconnections, for example
as represented by 310, to the sample (ie. urine) in the sample collector 302 to produce a
specimen of urine and buffer solution 304 at a predetermined ratio, for example at a ratio
of 1:1. The specimen is then pumped by the pump 306 via the first valve 308a and the
second valve 308b, and the tubing interconnections, for example as represented by 310,
30 to the chip 106 or the first chamber 107a, the second chamber 107b and the third chamber
107¢ of the chip 106 of the detector module 100, via the first tubing interconnection ‘1°,
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a renote controller 1106 with an enbedded XBee Pro nodul e 1108 for w rel ess
connectivity or communication with the laptop 1102 via the XBee Pro nodul e
1104. [ O00nO2p11vatsosar i ous enbodi nents, the XBee Pro nodulPeThGAdiorvagscbe
enbedded with the laptop 1102. In further enbodi nents, the XBee Pro nodul e
1104 may be a stand-al one 30 nodul e conmunicating with the [aptop 1102. The
conmmuni cati on between the |aptop 1102 and the XBee Pro nodul e 1104, as
represent ed by the arrow 1110, may either be via a wreless protocol or
via 'a Cefneedon@n ibsig gnterceiidctibn | 12t earddaake ahird tibingersealcofesction Bus (USB)
to the laptop 1102. In various enbodi nents, the commrunicat,j o

r epr esenf@Bediyelyheonaestedyta the respestiye dplets,af éh?oé"dﬁ?é’&"‘/’(&l %3@[7% 1108

and the pQithabhfnti 1aSindUiird cHahfir 8. e via a universal asynchronous

receiver/transmtter(UART) interface. 5 [00194] In various enbodi rrents t he
comuni c#10130] Fas detsptings 8 ndifidrepy anslptesr 3 sliffarents detpetionereagantte syaBees Br o

nodul s 1108 may, be v el.e C | 4 e Zi gBee
speci §€r?6?{‘t61§§s Fune tpﬁovuil%E%lV\%réo fBe%ﬁ)OB[ngér? ét(rg‘df 1r§t?{i)% )?bév S%‘%ngl Jngs dat a
tr ansm sswancbetthmedyd b, lagppappeili? the pohiniph206oaia tthe Fiest lvalve S68a amd the1106.
[00195] In vari ous nbodi rents, the port.abl e hands t unit 110 be used
to provi deondyakve 308k, gégemi’f“@ %@qugﬂ?m&a%g?r taGwee fearesm‘%‘ﬁP§3¥%at a

and/ or ag, ghet sb@d?x%@ﬁ‘s' b e 1106 [0? HeOGhecibieny ¥ iHRURstlHARBEIMEITaS thetsBondof t war e
or programused on the conputer or laptop 1102 may include one or nore of

the fol | ehamker flezh anddhe thind chamberr 107 praugntipllyphi cal user interface (GU ).
AL OB Mibdzbl Syach TINRe 2P SRS ANY AL hird R 3 fornyd e, Tour

five, nore user nanmes’ na eate Pas |f|cat|on may
be provi q}eﬁipéd)unteahmﬁme:hamherelmaAtHeosnsordbwhﬂnmmlﬁ@b ahd tthe thiglechambees to a

renote deyjce (e not e troller. 1106), via . a co j.cat . r.ot ocol
conpl i anﬁ%ﬁ teﬁc(bt ‘%eth??&%éige gﬁgcﬂiﬁ peeard é}'\ $ ?4A‘i“}dat\IR§ “H%%ni 1?8%‘? plc?aﬁ? Sfiles to
be creat ggkcaid afsliteedudhObs @a hmﬂ@eamn%opreéédtqwsméomeoeamg m‘ fetmagnost i c
profiles to a renote device . rempte contraller 6). . via

communi c AUPwRheS: &t BaHus @B’rﬂ’ﬁﬁli“&ﬁfs thet st de HA2gthsese 31e| %ﬁtqngﬁhe thigd) oug
upl ogdli ngxg? § %ﬁj{xﬁggg%tolvﬁea &5 tich Sf ARAA chREBEL 1095, the QbAd EIfiE 16Vdnae (eg.

renote co via a communi cation protocol conpliant with the
Zi gBee secthird chanten 107¢. In various embodiments, the first dye 312 may be provided to the
first chamber 107a, the second dye 314 may be provided to the second chamber 107b and
the third dye 316 may be provided to the third chamber 107c.
[00172] In various embodiments, a pump module may provide a sample, a buffer
20  solution and a respective detection reagent as the respective at least one specimen to each
of the at least one chamber of the chip of the detector module. For example, the pump
module may provide a first specimen including a sample, a buffer solution and a first
detection reagent (eg. a first dye) to a first chamber of the chip, and may provide a second
specimen including a sample, a buffer solution and a second detection reagent (eg. a
25 second dye) to a second chamber of the chip, etc.
[00173] FIG. 9 shows a schematic diagram of a reaction of a dye 900 with an analyte
902 to form a fluorophor 904, according to one embodiment. The dye 900 may be
fluorescamine, which itself is non-fluorescent. The analyte 902 may be a primary amine.
When illuminated and excited with light at the appropriate excitation wavelength, the

30  fluorophor 904 emits fluorescence. In various embodiments, the first chamber 107a, the
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25 Al'l ows user nanes, diagnostic profiles and results to be stored in a

dat abase or accessed froma database. Performtrend and statistic

anal ysi s.woRnodusmial erts for users though an al ert | oggrmgcaymioensct

Provi des a direct conmunication to the XBee Pro nodule (eg. the XBee Pro
nodul e 301104), for exanple though a serial conmunication port.

Organising the test reports or results in a suitable manner for access with
password control and/or uploading to a database residing on a server in a

rel ati vekstoR@sNanii b ald)eheahire Sharfibet 109¢ dadiliamwtia neaxifiizing the@dsaltint! n
various enbodi ments, Electrically Erasable Programmable Read-Only 5 Menory
( EEPROV) flnesgsqsace jgtsasitypirem shefliqrgphosef ¥ test results and records. The

EEPROM M1 mﬁﬂﬁ@@ex@imh& ffﬁo}@ﬂaﬁfmlh@éu SGE OO SadCARELsQh §irst 1106 or
EEPROM [00198]

may be an externa n various enbodi ments, each test
record mifEDr $0fai anel the segonslsLEDr 103boioaayeit sueiptiordightbaviacthe fisioelsctripa

T
Day *( DD) theepomtaainiceffeitnddveBy21®. THenéAritatidy) lipkr witle npedfic waveBygths orear (YY)
repr esentvvggeléglgtﬁ' rz?nétese amI Iinrrcgrllzs?tiiersm:}ré p:rl'ojjg'c_tel(i %Mthsesgrst chamber 107a, the second

chamber 107b and the third chamber 107¢ of the chip 106.

[00175] When the specific analyte 902 to be detected is present in the urine sample, the

10  analyte 902 will bind with the dye 900 to form a fluorophor 904 and when subjected to
the excitation lights, the fluorophor is induced to emit fluorescence having a distinct
wavelength or wavelength range. The wavelength of the fluorescence emitted reflects the
identity of the analyte 902. The intensity of the fluorescence emitted is proportional to the
concentration of the corresponding target analyte in the sample.

15 [00176] The fluorescence emanating from the first cha;nber 107a, the second chamber
107b and the third chamber 107c, is collected by the first photodetector ‘A1°, the second
photodetector ‘B1° and the third photodetector ‘C1° of the detecting component 108. The
first photodetector ‘A1’ the second photodetector ‘B1’ and the third photodetector ‘C1’
may be photodiodes (PDs). In various embodiments, the fluorescence optical signals are

20 purified or refined by suitable excitation and emission filters of specific wavelengths to
obtain a relatively higher signal-to-noise (S/N) ratio and then converted into electrical
signals (eg. currents). The electrical signals are then received by the control module 200,
which is in electrical communication with the detector module 100, from each of the first
photodetector ‘A1’, second photodetector ‘B1’ and third photodetector ‘C1’ via the

25  switching circuit 212, by switching among the first electrical interconnection ‘A’, the
second electrical interconnection ‘B’ and the third electrical interconnection ‘C’
connected respectively to the first photodetector ‘A1°, the second photodetector ‘B1’ and
the third photodetector ‘C1°. Subsequently, the signals are amplified by an amplifier 214,
passed through a low-pass filter (LPF) 216 and digitized with an analog-to-digital

30 converter (ADC) 218 into its equivalent electrical currents in the opto-electrical system.
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Hour (HH) represented in 1 Byte. Mnute (MM represented in 1 Byte. Second
(SS) represented in 1 Byte. User naneEach user has a correspondi ng user

ID. 1 i denwof2ooizzsasm (| D) Using 1 Byte (equival ent to 8 biptI)sGoto@n@ccan be a
total of 256 (equivalent to 28) different users. Test |IDEach test ID
corresponds to a particularl diagnostic test. Using 1 Byte, there can be a
total of 256 different test types. Test resultTest result presented in
nunerical nunber in2 ng/m unit. For exanple, the test result for protein
may pr ovi[@E 77 athe agplifier 2 Hembpbén ahnsitpddante Zmplifier{TIA Ywhild B6 LPF]216n

1" he r GepiHecoRb e climgcgewrent B 18 AN QFE mayPe Lopl debiidiemes 10

bytes. 5 APt 81 ddnt&B it ol AReided!RIMIthd) k€ PhotddR¥cloP AN T, AhEAEbrdSer tO
test every 4 hours, which is equivalent to a total of 6 records per day.

Thi s t r anbotadetectoro’Bl’ raad i thethiod phgodgiecter $dr intesdigitigefiwpltage deyely ajth
5 ample amplification to provide relatively stable electrical signals or results while
providing a relatively high signal-to-noise ratio. The electrical signals are then processed
by the MCU 202 and/or displayed on the LCD 204 of the control quule 200.
[00178] In various embodiments, the first photodetector ‘A1°, the second photodetector
‘B1’ and the third photodetector ‘C1’ are configured in the photovoltaic (PV) mode so as
10  not to introduce any noise current. However, if a high speed response is required, the first
photodetector ‘A1’, the second photodetector ‘B1’ and the third photodetector ‘C1° may
be configured in the photoconductive (PC) mode. The photovoltaic (PV) mode and the
photoconductive (PC) mode are known in the art as such and will not be described here.
[00179] In various embodiments, the control module 200 may also be equipped with a
15 wireless module 206. The wireless module 206 may Kbe compliant with the ZigBee
specification. In various embodiments, the control module 200 may be able to transmit
electrical signals or commands wirelessly via a wireless protocol via the wireless module
206 to the telescopic arm 602 of the auto-sampling system 600, for example to collect a
urine sample, or to the detector module 100 to start the test sequence. In various
20 embodiments, using the wireless module 206, the control module 200 is able to transmit
information, for example the test results, wirelessly via a wireless protocol to a
processing unit (eg. a PC), a clinical centre (eg. a hospital) or a clinical personnel (eg. a
doctor) via the internet or a cell phone. In addition, using the wireless module 206, the
control module 200 is able to transmit electrical signals processed by the MCU 202
25  and/or after digitization by the ADC 218, wirelessly via a wireless protocol to a remote
device, such as a handheld unit or a remote controller for the detection system, a display
unit, a processing unit, a storage unit or a combination thereof.
[00180] In various embodiments, the remote device may be a remote controller for the
auto-sampling multiplexed detection system 700, such as a remote handeld unit, or a
30  display unit such as a monitor, a processing unit such as a computer, a storage unit or a

combination thereof, where users or medical practitioners may be able to view the test
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Based on the assunption that each user may perform 3 different types of
test sequences per day, the requirenents anmount to 180 bytes per user per
day (3x60wdQbytesys1 Based on the assunption that therepomgscheiohousers per
famly (eg. the grandparents, the parents and 2 children), the requirenments
anount to 1080 bytes of storage per day (6x180 bytes). Based on the
assunption that one week of trend nonitoring is perfornmed, a total of
157560 bytes (7x1080 bytes) is required. [00200] In various enbodi nents,
accor di ngdsyits, ok Exagipl=EV3rEMd RemeICand oy ifidkitbr prkvesngl, stordges ond plotig
appreC|ated that a hi gher amount of storage may be rOV|ded fo cater for

expansi oAnd/phdisplav fp varieys aphadimptathe #H59 éaf%l&gsmBlPPl%?‘E ¢tetion sygege
carried ggj nfly 1 IRBGES Rl Cf'ta@)QSeoifJ n&gﬁcﬂp@ygtaﬁ loR Q- ch?&ai %%uhewﬂ@ne

enbodi nent, ROM use
Inter-| nttesgreamlwn@ be;wcssed Eﬁ})uthonzsdibex@emwy fot leﬂ a})falfeb'rdmtoagya tlthe
24AA 025’ of 1024 kbit and a clock frequency of 400
%002‘5?]"6 ‘?I?%\//I%ﬁs%?@ ‘g t}r/?ent s, the MCU provided in the detection
syst em ofjoo131] QNSamdsmﬂmBmM&tmpomaMﬁpkﬁ@ BbhhMaﬁg;un'grandaqtﬂerc&ﬂmft S as

shown in Table 2. 25Table 2: MCU pin requirenents Co ent sSNunber of pin
i nt er f ac&hepest, %%@V&P{l&flm@%efw¢ ¥igi & WIRFIETS RIOIOER 'Fé? e ayfo- ’é‘lgterp

g AD|CI) f I( fe ‘r§§st¢$_1if g\?@{oeacﬁe%% &lfl: R6© Rthe dto RYmpRABHRLaHE00 thrait tHeasanesic
i arm 602 including the sample holder 604 in an inwardly manner to a storage position, for

10 example in an arm seat provided inside the body 606 of the auto-sampling system 600 to
minimise contamination. Subsequently, the buffer solution 304 is pumped by the pump
306 via the first valve 308a and the second valve 308b, and the tubing interconnections,
for example as represented by 310, to the sample collector 302 for cleaning the sample
collector 302. The buffer solution 304 in the sample colliector 302 is then pumped by the
15 pump 306 via the first valve 308a and the seconci valve 308b, and the tubing
interconnections, for example as represented by 310, to the first chamber 107a, the
second chamber 107b and the third chamber 107c of the chip 106 for cleaning purposes,
via the first tubing interconnection ‘1°, the second tubing interconnection ‘2’ and the third
tubing interconnection ‘3’ respectively connected to the respective inlets of the respective
20  first chamber 107a, second chamber 107b and third chamber 107c. After cleaning the first
chamber 107a, the second chamber 107b and the third chamber 107c, the buffer solution
is then pumped out of the first chamber 107a, the second chamber 107b and the third
chamber 107¢ by the pump 320 via the valve 322, and the first tubing interconnection
‘X’, the second tubing interconnection ‘Y’ and the third tubing interconnection ‘Z’
25  respectively connected to the respective outlets of the respective first chamber 107a,
second chamber 107b and third chamber 107¢, as waste. The waste is then pumped by the
pump 320 to the waste collector 632 via the tubing interconnection, for example as
represented by 324. Accordingly, the auto-sampling multiplexed detection system 700 is
cleaned and ready for the next test. The whole process may be automatically controlled

30  and completed by the auto-sampling multiplexed detection system 700 on its own.
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45 XBee Pro Module 2 Digital Input (D) + Digital Qutput (DO (UART)

Data line (SDA) + Clock line (SCL) (12C) EEPROM (24AA1025) 4-MJX
(rmul ti pl exedp11B8esusent LCD Power control (PNP Transi st or PCSSG010890@61
Segnent vol tage and common
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15

20

25

30

[00182] FIG. 10 shows a simplified schematic diagram of a detection and analysis
system 1000, based on the auto-sampling multiplexed detection system 700 as an
example and not limitations, according to various embodiments. The system 1000
includes an excitation system 1002 for illuminating the specimen containing a fluorophor
compound 1004 and inducing fluorescence from the fluorophor compound 1004. The
fluorophor compound 1004 may be formed from a reaction between a dye and an analyte.
The fluorescence emitted is then detected by an optical system 1006. The fluorescence
optical signal is then converted into an electrical signal by an opto-eiecuical system 1008,
before being transmitted to a signal processor 1010. The signal processor 1010 may be
provided in a control module. The signal processor 1010 may transmit the raw data or the
electrical signal as received or process the electrical signal and then transmit the
processed signal to an LCD 1012 for display and/or a computer 1014 for processing or

storage. The signal processor 1010 may transmit the electrical signal, as received or

- processed, either wirelessly via a wireless protocol or a wired connection to the LCD

1012 and/or the computer 1014.

[00183] In various embodiments, in order to provide a portable system, for example in
the form of a portable multiplexed detection system, the portable detectioﬁ system 402
(FIG. 4B) may include the detector module 110 (FIG. 1E) and the control module 200
(FIG. 2). The operations of like components, features or modules present in the portable
detection system 402 (FIG. 4B) and the auto-sampling multiplexed detection system 700
(FIG. 7), are substantially similar and therefore will not be presented here as the
explanation with regard to the like components, features or modules present in the auto-
sampling multiplexed detection system 700 (FIG. 7) may be similarly applicable here for
the portable detection system 402 (FIG. 4B).

[00184] The portable detection system 402 may be used anywhere by the user at their
convenience, be it at home, in the office or during their travels. The user may first
provide a sample, such as urine, in a disposable container. In this case, the portable
multiplexed detection system functions as a portable multiplexed detection bio-sensing
system for detecting analytes in the urine sample. In various embodiments, using the

portable system 402, the user may then absorb the sample into the chip 116 (FIG. 1E).
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voltage (LCD Driver) On/Of swtching of integrated circuits (1GCs)

Det ection of biochip and detection of sanple 1 2 Push Buttons6Up, Down,
Sel ect, BnDeniv/Remet, Power On/ O f General Purpose LEDs2Pm®we2010/000461
Transm t/ Received (Tx/Rx), Process Indicator (eg. indicating that the chip
Is inserted, waiting for sanple, acquiring test results, etc) Total Pin
Count 51 [00203] In various enbodi nents, the MCU provided in the detection
system of various enbodi nents may al so have one or nore of the follow ng

f eat ur es The thipAR® is nhar dreahged orto deet detecommmodulad 1 @ (FIG. 1E) and testing may

then be carried out. The chip 116 may be a disposable chip or a disposable biochip.
[00185] In one embodiment, one or more dyes may be manually provided to the chip
116. In another embodiment, the chip 116 may be pre-coated with one or more dyes for
5  detecting different analytes. In various embodiments, the chip 116 may be pre-coated
with antibody for binding to specific analytes, for example when the chip 116 is used for
the detection of cancer markers, such as circulating tumour cells (CTCs).
[00186] In further embodiments, FIG. 4C shows a portable detec;tion system 404, for
example in the form of a portable multiplexed detection system, including the detector
10 module 110 (FIG. 1E), the control module 200 (FIG. 2) and the pump module 300
(FIG. 3). The operations of like components, features or modules present in the portable
detection system 404 (FIG. 4C) and the auto-sampling multiplexed detection system 700
(FIG. 7), are substantially similar and therefore will not be presented here as the
. explanation with regard to the like components, features or modules present in the auto-
15 sampling multiplexed detection system 700 (FIG. 7) ma}; be similarly applicable here for
the portable detection system 404 (FIG. 4C). _
[00187] The portable detection system 404 may be used anywhere by the user at their
convenience, be it at home, in the office or during their travels. In one embodiment, the
user may first provide a sample, such as urine, in a disposable container.The user may
20  then absorb the salﬁple into the chip 116 (FIG. 1E). The chip 116 is then arranged into the
detector module 110 (FIG. 1E). The chip 116 may be a disposable chip or a disposable
biochip. The subsequent processses may then be automated, such as providing one or
more dyes from the pump module 300 to the chip 116, and the testing sequences.
[00188] In another embodiment, the portable detection system 404 may further include
25  the auto-sampling system 600 (FIG. 6) integrated with the pump module 300 to provide
an automated portable detection system. In this embodiment, the sample may be collected
by the auto-sampling system 600 and then transferred by the pump module 300 to the
chip 116 (FIG. 1E). The chip 116 may be a disposable chip or a disposable biochip.
[00189] It should be appreciated that the detection system of various embodiments may

30 be battery powered or operated via the mains electricity.
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51 AAD pin for analog-to-digital converter. 1 LCD driver for a display
unit (eg. an LCD). 13 Ceneral Purpose Input/Qutput (GPI0s) for interfacing
wi t h deviwexornmdsasn peri pherals (for exanple for the pu®bTisGonso4egener al
pur pose LEDs, power control, ec interface, Sensor, etc.). 10 [00204] In one
enbodi nent, the MCU used nay be the "~ MSP430F4794' m croconputer by Texas

I nstrunents, having the follow ng features: 60KB + 256B Fl ash Program
Menory. 2.5KB RAM 16-Bit Reduced Instruction Set Computing (Rl SC

Ar chi t ec{00190] FIG. Fostiowsndl sqhemdae tviebbeotbart inforgratieaydtem Al 80,cgpedrdini tgi t al

(A/D) converters. .. Two -Big timers. LCD Driver for 160 Segnents.
T Uni vaFSaH SO IR G007 ALHRHIE S AIDYTTE Pt SHEHEL PEF OUSRRIT

i nterfac@formalidR s3Rlek?ank’ eﬁlia%rh% abed %xe’ﬂ{ea%%ﬁﬁinlgﬁﬁéé‘sﬁ{g, ASYS T 96QAHS

Receiver/ Transmitter (SPI/UART) interfaces. 100 pins with a nmaxi mum of 72

| nput / Cudissemipatia) and; aegess of thq wepslisTihbe pifpmnation syem\EOQ Jugvsbroused

m cr ogconput : | e ' t §,,8S shown
' Tapi ordfconzgithe B QAR R aBARCUARIR PR LR R o
Pi ns example a battery powered bio-sensing detection system.

[00191] As an example and not limitations, the battery powered bio-sensing detection
system may include one or more of the following components and features, depending on
the usage and applications:

10 e An auto-sampling system.

e A micro-fluidic control system.
e An excitation light module.
‘e An optoelectrical converter module.
e A micro-controller for collecting raw data and analyzing the data.

15 e An alphanumeric segment LCD panel for display.

e A 4 way directional keypad for navigation control (eg. for operating/configuring the
detection system).

e Allows users to select diagnostic profiles and user names.

e Quick test one touch operation.

20 e General purpose LEDs for different indications such as power indicator, for
indicating operations or processes of acquiring sample, diagnostic, completion of test,
etc.

[00192] In various embodiments, the information system 1100 may include a computer
or a laptop 1102 with a suitable graphical user interface (GUI), an XBee Pro module

25 1104 for communication or connectivity to the laptop 1102 and a portable handset unit or

a remote controller 1106 with an embedded XBee Pro module 1108 for wireless
connectivity or communication with the laptop 1102 via the XBee Pro module 1104.

[00193] In various embodiments, the XBee Pro module 1104 may be embedded with the
laptop 1102. In further embodiments, the XBee Pro module 1104 may be a stand-alone

30 module communicating with the laptop 1102. The communication between the laptop

1102 and the XBee Pro module 1104, as represented by the arrow 1110, may either be via
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ADC x1 3 LCD Driver 38 12C interface 2 UART interface 2 Power supply
(VccNss) 6 NC (ie. Not connected) 13
WO 2011/075081 PCT/SG2010/000461

a wireless protocol or via a connection using a serial interface or a Universal Serial Bus

(USB) to the laptop 1102. In various embodiments, the communication, as represented by

the arrow 1112, between the embedded XBee Pro module 1108 and the portable handset

unit 1106 may be via a universal asynchronous receiver/transmitter(UART) interface.

5 [00194] In various embodiments, the communication, as represented by the arrow 1114,
between the XBee Pro modules 1104, 1108 may be via a wireless protocol compliant
with the ZigBee specification based on the IEEE 802.15.4 standard, to allow wireless
data transmission between the laptop 1102 and the portable handset unit 1106.

[00195] In various embodiments, the portable handset unit 1106 may be used to provide

10  user interface, to collect data, store data, display data and/or as a transceiver unit.

[00196] In various embodiments, the software or program used on the computer or

laptop 1102 may include one or more of the following features:

e A user-friendly graphical user interface (GUI).

o Allows multiple user names to be created and editeq. One, two, three, four, five, six

15 or more user names may be created. Password identification may be provided for
each user name.

e Allows downloading of the user names to a remote device (eg. remote controller
1106) via a communication protocol compliant with the ZigBee specification.

e Allows new diagnostic profiles to be created and edited for each user.

.20 e Allows downloading of diagnostic profiles to a remote device (eg. remote controller
1106) via a communication protocol compliant with the ZigBee specification.

e Allows uploading of diagnostic results and/or profiles from a remote device (eg.
remote controller 1106) via a communication protocol compliant with the ZigBee
specification.

25 e Allows user names, diagnostic profiles and results to be stored in a database or
accessed from a database.

e Perform trend and statistic analysis.

e Produce alerts for users though an alert logging system.

e Provides a direct communication to the XBee Pro module (eg. the XBee Pro module

30 1104), for example though a serial communication port.
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Reset 1 Crystal Oscillator 2 Total nunber of pins 67 Available free pins
100-67 = 33 [ 00206] As there are 33 avail able free pins, sone of these

free pi nswoayiinesessed for 10 GPl Gs. For exanple, 13 of these2pionsoswny be
used for GPIGs as per the requirements outlined above. [00207] The
fluorescence fromsolutions of different concentrations containing anal ytes
were nmeasured and recorded using the detection system of various

enbodi ments. Al neasurenents were nmade in triplicates. 15[00208] FIG 12

shows a Rl oprghridfghe RisPEPoRs 6P REEIY indd blitablehhkder ifét 4cBéss wiaspaskwordhe
control and/or uploading to a database residing on a server in a relatively easy
manner. The access may be a remote access.
[00197] In various embodiments, Electrically Erasable Programmable Read-Only
5 Memory (EEPROM) may be used to store the users’ test results and records. The
EEPROM may be embedded with the laptop 1102, the remote controller 1106 or may be
an external EEPROM. .
[00198] In various embodiments, each test record may require 10 bytes for storage

purposes. Table 1 shows the breakdown of the usage of 10 bytes for storing different

10  data.
Table 1: Storage of test record
Data Description Bytes required

Date Format: DDMMYY. 3
~ Day (DD) represented in 1 Byte.
Month (MM) represented in 1 Byte.
Year (YY) represented in 1 Byte.
Time Format: HH:MM:SS 3
Hour (HH) represented in 1 Byte.
Minute (MM) represented in 1 Byte.
Second (SS) represented in 1 Byte.

User name Each user has a corresponding user ID. 1
identification (ID) Using 1 Byte (equivalent to 8 bits), there can be a
total of 256 (equivalent to 28) different users.

Test ID Each test ID corresponds to a particular 1
diagnostic test.
Using 1 Byte, there can be a total of 256 different

test types.

Test result Test result presented in numerical number in 2
mg/ml unit. For example, the test result for
protein may provide readings in the form of

“0.15-0.3 mg/ml".
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bovi ne serum al bum n (BSA)) and the fluorescence intensity, according to
various enbodi nents. The plot 1200 illustrates the variation of the

i nt ensi t yWwo20#i/mbosthe fl uorescence as a function of thepBBSAGaeNGENiI ati ons
1204 in the range of between about 0.01 to about 0.3 ng/m . The results in
FIG 12 show that the intensity 1202 increases 20 wth an increase in the
BSA concentration 1204. [00209] The line 1206 represents a linear fit
through the data points, for exanple as represented by 1208 for four of the
data points, and may be indicated as a |inear relationship having the
enpirical equation y = 113635x + 498.74 and a square of the correlation
coef fi ci ¢MLI9RIn variaus smbadimentsebased on dypyorags e tesyesord petinediip Tadlals i near
reliabili . | j j [ ] 00210] The linear relationship
bet ween k%%reﬂ%%ggscdgﬁgzéﬁﬂﬁﬁﬁ*?gssi%%lg‘évs'and t he BSA concentrati on 1204

i ndi cat e® thatoridhequitea$@bwpeds.f | uor escence signal results fromthe 5specific
interaction_of the dye, whi cﬂ in this case js fluorescan ne, \%Eh t he BSA.
[0021%] I CCeripn issoSuchRe? Blolrliny sk BaYPAPYe SRASTSST &0 £5H %Y ShB@HEr at i on
llevel down @R RRENARRL B latofdl SEORBAML perdly Cthib frafilRet8 GaEMAiMANRIf dohan the
target concentration of about 0.15 ng/m sufficient for normal clinical
screeni ng thegesper tes{sg@eengg pirdagddi ti on, results observed al so show that the
fl uorescen intengity increases 10 linearl|ly wt Ny: ) e i e power
of the e%cicl?%ff o ﬁ‘leg PUER sa? etagheruggymlaXc?eeé)sﬁg ng lﬁgr%éteﬁég? io\?i ttteg; of the
detection syeghenides péiOdal3theHleGuird@ertd ambumt pl 30 B0 paf uer peeday (3x60
concentration (which in this case is the bovine serumal bumn (BSA)) and
vol t d8e, acbisi ng to various enbodi nents. The plot 1300 illustrates the
variatiog ] ' j 1 | j {gnal 15
by the pho?%?ﬂ%?gg;{%r %ssg‘?ﬁptgoglgﬁ%ltetpgﬂgtqga geyg :ﬁ ger{]E ggvgglﬁﬂ?gﬁg tgg odglgﬁr%ﬁ?% from
t he fl uor estbeparents end? ¢kilidreny), thegepimsmedstagwuor to, 1088 btes ghstoragaperfdayhe BSA
concentration 8q]1§r?9§ in the range of between about 0.0 ng/m to about 0.8
ng/m. [00 ﬁf v&'ri ous enbodi nents, as the photodetectors in the

det ect or eSyBdsedofi fthe/@khmpiforelibOchaWedksoMBdhdCaeRing tif) perfdritrd £5 ealcs
received into electrical signals (eg. a voltage),

15 7560 bytes (7x1080 bytes) is required.

[00200] In various embodiments, accordingly, 8 kB of EEPROM may be provided.
However, it should be appreciated that a higher amount of storage may be provided to
cater for expansion, for example to accommodate more users or more tests to be carried
out or a longer period of trend monitoring.

.20 [00201] In one embodiment, the EEPROM used may be the 24AA1025" CMOS
EEPROM with Inter-Integrated Circuit (I°C) Interface by Microchip Technology. The
‘24AA1025° EEPROM has a density of 1024 kbit and a clock frequency of 400 kHz. .
[00202] In various embodiments, the MCU provided in the detection system of various
embodiments may have the following pin requirements as shown in Table 2.

25 Table 2: MCU pin requirements

Components Number of pin interface ~ Pin description

Detector Circuit 2 Analog-to-digital converter (ADC)
(for example SPM (a

photodiode by

Hamamatsu),

Transimpedance

amplifier (TIA) &

Filter)
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20 the level of the voltage 1302 may indicate the |level of the fluorescence
intensity. A high level of fluorescence intensity detected and received by
t he phot ometecriviosmimay correspond to a high | evel of voltage2808046f 00215]
FIG 13 shows the results obtained using a conventional photoneter ( data
points, for exanple as represented by 1306 for one such data point), and
the detection 25 system of various enbodinents with the excitation |ight
source (eg. LED) driven at about 5 mA (u data points, for exanple as

repr esenix@de byo M3Adlef or one such2dat a poi ntDigitallapit (DD BigitAl Capat poi nt s,
for exanple as represented by 1310 for one (pagghud®ta point), about 20 mA (

dat a poiBEPROMT €Xanpl € as repr esented by Mgng@q)pgmecﬁféglﬁng?@ poi nt)
and abou,24%§\1r@§5fx data points, for exanpl ]r’@§. represent ed by 1314 for (ﬁne
such dat Fo ) o a0 e respect tTear 13t i | T rde for the
respecti & atn{uh%?ﬁ%’%egf [002161”T'he resul tgéﬁnﬁa .?Scﬁg’lel/%. at the
vol t age 23L—and—conseguently—the eSEL HEEF y— eases wWith
an increBQ¥engentiple current, and donsequent ISP e“’ggg,o ol excitation

| i ght sol ENRTrmsis190 det ect i on system of \/APFRWE?@ odinments  Therefore, the
resul ts BensptsG. 13 al so indicate@ that the Reseesipppfbioghipand detectionaét or

syst em 50f various enbodinents is proporticampleto the intensity of the

excit ati Pash Bugtons sources (eg. theé LEDs). 10G%Doivn, Relecty Exnters Resdsodi nents, a
relatively high signal to poise ratio, or [Poglkr®arfftivity, would be

advant ageeh&alTirpdseiLEmR at1 vel y 2mal | changeset, Tridsaif/R etelved ¢EORR),0f

bi o-sanpl es may be discerned with a rel ati \pebaesdingditads (sl aﬁ;baﬁ,;,@thmozwl
Wil e the invention has been particularly showip aNfsededGhdilesom t h

reference to specific enbodinents, it shoulgybe MidR3QPFksRYs Eh9se skilled
in the art g'?ﬁﬁvaif’ ous—Cchanges gy formand detart ey pe Tmade tierein

L
W t hout 385' §“¥ron1the spirit and scope of the invention as defned by
t he appended clains. The scope of the invention is thus indicated by the
appended cl ainms and all changes which cone w.thin the neaning.15.and range
o g v HIOZRYY T pariots cEbaiiens (e MELEPGY O it Biclelrien BEREhAr 4B LA VS
1. A det egh,08 iR nfay aFRTHAVE Shd @ méte bINHR G ing Wakfted: 0 Tecei ve at | east one
specinen; 5a first lNight-emtting diode configured to illum nate the at
| east one slp@éARTanterface for data communication.

a Al

5 e 1 A/D pin for analog-to-digital converter.
e 1 LCD driver for a display unit (eg. an LCD).
e 13 General Purpose Input/Output (GPIOs) for interfacing with devices and/or
peripherals (for example for the push buttons, general purpose LEDs, power control,
I°C interface, Sensor, etc.).
10 [00204] In one embodiment, the MCU used may be the ‘MSP430F4794’ microcomputer
by Texas Instruments, having the following features:
e G60KB + 256B Flash Program Memory.
e 25KBRAM.
e 16-Bit Reduced Instruction Set Computing (RISC) Architecture.
15 e Four independent 16-bit Sigma-Delta Analog-to-Digital (A/D) converters.
e Two 16-Bit timers.
e One LCD Driver for 160 Segments.
e Two Universal Synchronous/Asynchronous Receiver/Transmitter (USART)

interfaces.
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and a first photodetector configured to detect light emtted fromthe at
| east one illum nated specinen. 10 2. The detector nodule as clainmed in
claim 11, wbenaiarsishe chip is detachably arranged in theprdetsectornomoedul e.

3. The detector nodule as clainmed in claim1 or 2, wherein the chip
conprises at |east one chanber configured to receive the at |east one
specinen. 15 4. The detector nodule as clained in any one of clains 1 to
3, wherein the chip conprises a plurality of chanbers, wherein each chanber
of the pburmid tSerdl PBéipHERM S lriterfRoMNIHi Gsab d Aspnchfeiy eR édeivedTrdnemitter One
speci nmen. 20 5. The detector nodule as clainmed in any one of clainms 1 to 3,
wher ei n t hdSRKUARTYmrfaces a plurality of chanbers, and wherein each
chanber of ﬁ’?ﬁ lv&i{aéhﬁ)}’un(&h mFﬁMtﬁug‘(ggﬁbgﬁr ed to receive a respective
speci nen of e at east one specl nen. " The detector nodul e as cl ai ned
i n cl ai n00205] Fhe pinsofite ‘ﬂ\lﬁi’430M’1944’.ingbmemxputeli myy B diladtediascardmgitgur ed t o
sequenti 8’8:’%' | lum n?st;sshhe at.ggbgggt one specinen in the plurality of

chanbrs e PV AH ector nodule as clained in any one of
claims 4 to 6, wherein the first photodetector is configured to
sequential ly detect |ight entted fromthe at, | east one 30 illum nated
specimen in the plurality of leHaA¥CY pip allpcation; .

Essential Pin allocation Number of Pins

ADCx1 3

LCD Driver 38

I°C interface 2

UART interface 2

Power supply (Vce/Vss) 6

NC (ie. Not connected) 13

Reset 1

Crystal Oscillator 2

Total number of pins 67

Available free pins 100-67 = 33

[00206] As there are 33 available free pins, some of these free pins may be used for
10 GPIOs. For example, 13 of these pins may be used for GPIOs as per the requirements

outlined above.

[00207] The fluorescence from solutions of different concentrations containing analytes

were measured and recorded using the detection system of various embodiments. All

measurements were made in triplicates.

15 [00208] FIG. 12 shows a plot 1200 of protein concentration (which in this case is the
bovine serum albumin (BSA)) and the fluorescence intensity, according to various
embodiments. The plot 1200 illustrates the variation of the intensity 1202 of the
fluorescence as a function of the BSA concentrations 1204 in the range of between about
0.01 to about 0.3 mg/ml. The results in FIG. 12 show that the intensity 1202 increases

20  with an increase in the BSA concentration 1204.

[00209] The line 1206 represents a linear fit through the data points, for example as
represented by 1208 for four of the data points, and may be indicated as a linear

relationship having the empirical equation y = 113635x + 498.74 and a square of the
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WO 2011/ 075081PCT/ SG2010/ 000461 8. The detector nodule as clained in any
one of clains 1 to 7, wherein the chip is novable relative to the first

| i ght - emiwbi2og/wsmde and/ or the first photodetector. 9pcTise20®l00ali0r
nodul e as clainmed in any one of clainms 1 to 8, wherein the first
5light-emtting diode is novable relative to the chip and/or the first

phot odet ector. 10. The detector nodule as clainmed in any one of clains 1
to 9, wherein the first photodetector is novable relative to the chip

and/ or t Berrdlatid codféibnte REf havigg di Gdee of @IIOT eheetdlycintiieatingd dodd liasarc| ai med
in any one of clainsg 1 tqQ 10, wherein the first light-emtting diode is at

| east suB‘ﬂ@hﬂ‘t‘Y&W‘?lla‘qu@ﬂ@éPnﬁlﬁpt he first photodetector. 12. The detector
modul e aiﬂ(lel@f id lldaaxaféYatlgH@n i)et‘&le@l'l e fudiBsclhce WRRLE) M0 endlgfcegsAr nodul e
further conprises a second |tg ht-emtting diode configured to illum nate
the at 15bmasttratme12qﬁemdmet¢s at3the Tmeasyeede Buerescanndu bignal sregylisi frem the cl ai m
12, erein secand 1ight ranged with

t hei rdi F%e&tI ?raé;;lo’il Eﬁfd e ssﬁ%olrlllstﬁa aﬁ%eas\% i‘% ﬁh esB%;érpegdl cular to
tﬂe ](c:hl p{00|2(11]h174G Tmelsdelﬁcﬁcstthﬁt dane&ubmsapossllbm ﬂnsed cnmentraucm [kRelalowh3tp wherein
the first Iight mttlng |sco ured to illumnate a first eci nen
of the a@PRreXigat Qoéalél&{ W s émg g 1PVeh @%mﬁ?{%cm"s&éﬂ% of P
Conf|gurﬁgolft@1'5|[hym1§@ffﬁ@wﬁtf%?ﬁ&ﬂﬁl§lﬂﬁ@dﬂ§@r@erﬁﬁ {elyg. at | east one specimen. 25
15. The detector nodule as clainmed in claim1l g2 wherein the first and
second | wntlzlerh additien, a¢s<y&te9bw‘@danlsoaﬁhg@dh% the, flpergsenes wnteapityoimsregses| | ght

Cubstant Papply SF by PASRETH 8 nolkel B LGE-REBR OGN RS BB ATIR 16, e

det ect or ﬂraxéndlevm&fcthademxﬂnonsymy one of clains 12 to 14, wherein the

det et o SRIY) Fubuid At AR 4367 o loth o iR ALK B L% oS

bovine serum albumin (BSA)) and voltage, according to various embodiments. The plot

1300 illustrates the variation of the voltage 1302, which is the converted electrical signal
15 by the photodetectors in the detected system of V;ilious embodiments from the
fluorescence received by the photodetectors, as a function of the BSA concentrations
1304 in the range of between about 0.0 mg/ml to about 0.8 mg/ml.
[00214] In various embodiments, as the photodetectors in the detector system of various
embodiments may convert the fluorescence received into electrical signals (eg. a voltage),
20 the level of the voltage 1302 may indicate the level of the fluorescence intensity. A high
level of fluorescence intensity detected and received by the photodetectors may
correspond to a high level of voltage 1302.
[00215] FIG. 13 shows the results obtained using a conventional photometer (¢ data
points, for example as represented by 1306 for one such data point), and the detection
25  system of various embodiments with the excitation light source (eg. LED) driven at about
5 mA (m data points, for example as represented by 1308 for one such data point), about
10 mA (A data points, for example as represented by 1310 for one such data point), about
20 mA (e data points, for example as represented by 1312 for one such data point) and
about 25 mA (x data points, for example as represented by 1314 for one such data point).

30  The respective linear fit is shown as a guide for the respective data points.
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517. The detector nodule as claimed in any one of clains 1 to 16, wherein
the detector nodule further conprises a second or nore photodetectors
confi gur estot01lesmet |ight enmitted fromthe at | east onecirisicamionad@d

speci nmen. 18. The detector nodule as clained in claim17, wherein the
first photodetector is 10 configured to detect light emtted froma first
speci nen of the at |east one illum nated speci nen and a second

phot odet ector is configured to detect light emtted froma second speci nen

of the afe0286strheNesils! MTFIGL £3 sEp@Chiethe volkge BoR, dﬁd&ﬁh@ﬁuéﬁm@uﬂe as
claimed in any one of clains 1 tQ 18, wherein each 15 phot odet ef
conf i gur dMoresFeRem EAISItY;HBCIERSA (WillhaR inseeass dithenenreant, | angdsqonsgqyenty nat ed

speci men %gr LEGR] YEGafidn ilgﬁ MWEQIEQEH(H] O}&té’i‘ﬁ‘ o?lvgﬁ&[s' &RbodBh e - 20.

A detect fon dystem conprisSing: a detector le as claimed in claim19;
and 20a dbeefont, thockatles inFI6 &3 alsp ¢edicatesrthathe senshivityiof thet detectiutspgtedr

nodul e, conf i.gur to.recei ctrical
ST gnar.  SbYaiown gnfiSoiEeRpropRFing 1 B G HERe (RiGRS N s T
control mRAWEBs) s configured to transmt the eI ectrical signal wirel essl y
to a renote device. 25 22. The detect n stem s clained.in cgd'mzo,

wher ei n 1902120 k1 reriopp gmbedimentsy r# T8l }brsb%’é do ¢ pasee ity r9rc Highs gnal

23. The dglfRid 0Rodd Bt %ﬂ?fﬁ@'&g@&%‘ Mat'réla@e@il ShA? chaB8Y Bithe iiGe&eide gl nmodul e
is 30configured to transmt the processed electrical signal wirelessly to a

renmot e dbio-wmplesnpygdisensd sibaneBaedy digbogagacy.
10  [00218] While the invention has been particularly shown and described with reference to

specific embodiments, it should be understood by those skilled in the art that various
changes in form and detail may be made therein without departing from the spirit and
scope of the invention as defined by the appended claims. The scope of the invention is
thus indicated by the appended claims and all changes which come within the meaning

15  and range of equivalency of the claims are therefore intended to be embraced.
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24. The detection systemas clained in any one of clains 20 to 23, further
conprising a punp nodule configured to collect a sanple. 25. The

det ecti orweystinrs@s cl ai med in claim24, further conpri ecmgGaowanpisi ng 5
systemintegrated with the punp nodul e, wherein the sanpling systemis
configured to collect the sanple. 26. The detection systemas clained in
claim24 or 25, wherein the punp nodule is configured to transfer the
sanple to the chip of the detector nodule. 10 27. The detection system as
cl ai red igLgamsone of clainms 24 to 26, wherein the punp nodule is further
configured to provide a buffer solution to the chip. 28. The detection
system ag, cl aisngsbcld? nfjauleOBSnftisigd: 2l M5 24 to 27, wherein the punp 15 nodul e
is further configured to provide a detection reagent to the chip. 29. The
det ecti on syst erachip ednfignrsd t9 receivaphlea onekpseidien; t he detection reagent is a
dye. 20 30. The de Fe] . i N A =T L0 dye
corrprlgses a fl ugdr%g@?éhg%g@%l.ﬁé%mdg%(’ﬁq@égg;g)tlgg?ﬁgﬁé @%/s%?g%w&geg éz}“llélregg in

cl aim 30, wheamsd n the fluorogenic dye conprises fluorescam ne,

epi cocconone, o-pht hal di al dehyde (OPA), ,5, 5 -dithiohis-(2: 25 nitrobenzoic
acid), or napht ﬁaﬁ‘éh&“é?%—‘%‘?fsﬁ"fiﬁ e dh gectd A)egm%%z‘?o'%‘ﬁge ableai9%8n system
as cl ai med i njrinAhdte®Sheciiear ei n the dye conpri ses a quantum dot dye. WO
2011/ 075081PCT/ SG2010/ 000461 33. The detection systemas clained in claim
30, wherein the quantum dot dye

10 2. The detector module as claimed in claim 1, wherein the chip is detachably

arranged in the detector module.

3. The detector module as claimed in claim 1 or 2, wherein the chip comprises at
least one chamber configured to receive the at least one specimen.

15

4, The detector module as claimed in any one of claims 1 to 3, wherein the chip
comprises a plurality of chambers, wherein each chamber of the plurality of chambers is
configured to receive the at least one specimen.

20 5. The detector module as claimed in any one of claims 1 to 3, wherein the chip

comprises a plurality of chambers, and wherein each chamber of the plurality of

chambers is configured to receive a respective specimen of the at least one specimen.

6. The detector module as claimed in claim 4 or 5, wherein the first light-emitting
25  diode is configured to sequentially illuminate the at least one specimen in the plurality of

chambers of the chip.
7. The detector module as claimed in any one of claims 4 to 6, wherein the first

photodetector is configured to sequentially detect light emitted from the at least one

30  illuminated specimen in the plurality of chambers of the chip.

50



conprises cadm um sel enide (CdSe), cadmumtelluride (CdTe), zinc sel enide
(ZnSe), indium phosphide (InP), |ead sul phide (PbS) or |ead sel enide
(PbSe). 5SwB84ofingsedet ecti on system as clained in any one pofi/schaionsosd8 to 33,
wherein the punp nodule is further configured to provide a second or nore
detection reagents to the chip. 35. The detection systemas clained in
claim 24, wherein the chip conprises at | east one chanber configured to
receive at | east one specinen, and wherein the punp nodule 10 is further
confi gurgd t OTY @tedlér tbduls asrplainedsinbink fode of @laiths dno andhereimethpehipi ive

detection reagent as the respective at |east one specipen to each of the at
| east onBO¥IAeTsdtivefo thdirstHi t‘%‘f““t“f’fé‘e‘ﬁﬁ‘éet @@(‘Hr‘h‘hgﬁhl’l}é’.to‘{?%@r'A det ect or
nodul e, conprising: 15a receiving portion configured to receive a chip
configured to receive at | east one specinen; afirst light-emtting

di ode coff i guFkeldetectpr modillazaseclaimed an ahe gse of sleimpdcionbrvhierein fke rtp i s

receiyed,.i,n the receivin rtihon: . fi phot odet ect or
confi %ur g%hq’teguglé‘g gé(ﬁell? Iﬂﬁy%gen{ek a?lé' 8 t(??ﬂg i haéld/é){ t eefgssttphgtr?g ktrfgtlgf | um nat ed
specinmen if the chip is received in the receiving portion. 37. A nethod
for controlling a detectqr nodyle, the nmetho onpr.i ses: receiyi at | east
one s pec:ﬂ(i’re n TEF SetEﬁPrpfnog‘i‘lFlﬁ%ﬁa:ad’E‘Fﬁlmén £R% °8¢ ogég’éqquntg pEhereR ﬁh‘?/vl? a
light-e ”?ﬁ&b&b%c@ir@?ﬁbvﬁﬂﬁre?a@i@@i@ﬁ% Chig ahl/BP theqFstliphtlefitang dibge.at | east one

a

illum nated specinmen with a phot odetector.

10 11 The detector module as claimed in any one of claims 1 to 10, wherein the first

light-emitting diode is at least substantially aligned to the first photodetector.

12. The detector module as claimed in any one of claims 1 to 11, wherein the detector
module further comprises a second light-emitting diode configured to illuminate the at

15 least one specimen.

13.  The detector module as claimed in claim 12, wherein the first and second light-

emitting diodes are arranged with their directions of light emissions at least substantially

perpendicular to the chip.

20
14.  The detector module as claimed in claim 12 or 13, wherein the first light-emitting
diode is configured to illuminate a first specimen of the at least one specimen and a
second light-emitting diode is configured to illuminate a second specimen of the at least
one specimen.

25

15.  The detector module as claimed in claim 12, wherein the first and second light-
emitting diodes are arranged with their directions of light emissions at least substantially

facing each other and being at least substantially parallel to the chip.
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16. The detector module as claimed in any one of claims 12 to 14, wherein the
detector module further comprises a third or more light-emitting diodes configured to

illuminate the at least one specimen.

17. The detector module as claimed in any one of claims 1 to 16, wherein the detector
module further comprises a second or more photodetectors configured to detect light

emitted from the at least one illuminated specimen.

18.  The detector module as claimed in claim 17, wherein the first photodetector is
configured to detect light emitted from a first specimen of the at least one illuminated
specimen and a second photodetector is configured to detect light emitted from a second

specimen of the at least one illuminated specimen.

19. The detector module as claimed in any one of claims 1 to 18, wherein each
photodetector is configured to convert the light emitted from the at least one illuminated

specimen and received by the photodetector into an electrical signal.

20. A detection system, comprising:
a detector module as claimed in claim 19; and
a control module in electrical communication with the detector module, wherein

the control module is configured to receive the electrical signal.

21.  The detection system as claimed in claim 20, wherein the control module is

configured to transmit the electrical signal wirelessly to a remote device.

22.  The detection system as claimed in claim 20, wherein the control module is

configured to process the electrical signal.

23. The detection system as claimed in claim 22, wherein the control module is

configured to transmit the processed electrical signal wirelessly to a remote device.
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24.  The detection systém as claimed in any one of claims 20 to 23, further comprising

a pump module configured to collect a sample.

25.  The detection system as claimed in claim 24, further comprising a sampling
system integrated with the pump module, wherein the sampling system is configured to

collect the sample.

26.  The detection system as claimed in claim 24 or 25, wherein the pump module is

configured to transfer the sample to the chip of the detector module.

27.  The detection system as claimed in any one of claims 24 to 26, wherein the pump

module is further configured to provide a buffer solution to the chip.

- 28.  The detection system as claimed in any one of claims 24 to 27, wherein the pump

module is further configured to provide a detection reagent to the chip.

29. The detection system as claimed in claim 28, wherein the detection reagent is a

dye.
30. The detection system as claimed in claim 29, wherein the dye comprises a

fluorogenic dye.
31. The detection system as claimed in claim 30, wherein the fluorogenic dye
comprises fluorescamine, epicocconone, o-phthaldialdehyde (OPA), S,5'-dithiobis-(2-

nitrobenzoic acid), or naphthalene-2,3-dicarboxaldehyde (NDA).

32. The detection system as claimed in claim 29, wherein the dye comprises a

quantum dot dye.
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33.  The detection system as claimed in claim 30, wherein the quantum dot dye
comprises cadmium selenide (CdSe), cadmium telluride (CdTe), zinc selenide (ZnSe),

indium phosphide (InP), lead sulphide (PbS) or lead selenide (PbSe).

34.  The detection system as claimed in any one of claims 28 to 33, wherein the pump

module is further configured to provide a second or more detection reagents to the chip.

35.  The detection system as claimed in claim 24, wherein the chip comprises at least
one chamber configured to receive at least one specimen, and wherein the pump module

is further configured to provide the sample, a buffer solution and a respective detection

“reagent as the respective at least one specimen to each of the at least one chamber of the

chip of the detector module.

36. A detector module, comprising: .
a receiving portion configured to receive a cﬁip configured to receive at least
one spécimen;
a first light-emitting diode configured to illuminate the at least one specimen
if the chip is received in the receiving portion; and
a first photodetector configured to detect light emitted from the at least one

illuminated specimen if the chip is received in the receiving portion.

37. A method for controlling a detector module, the method comprises:
receiving at least one specimen in a chip;
illuminating the at least one specimen with a light-emitting diode; and
detecting light emitted from the at least one illuminated specimen with a

photodetector.
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