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Latb—on—dlsc, meaning “laboratory on a disk™ is a CD-type device in which various
experimental units are integrated for analysis of biomolecules used in a laboratory in
order to execute several experimental processes including, for example, isolation, pu-
rification, mixing, labeling, assaying and/or washing of a sample on a small disc. Upon
introduction of a biological sample, such as blood, into a micro-fluidic structure placed
on a disc, the CD-type device may advantageously transfer a fluid such as a biological
sample, a chemical reagent, etc. Centrifugal force alone may be used to induce driving
pressure and transport the fluid without additional driving systems.

[4] Recently, the use of a ‘lap-on-a-chip’ for blood analysis has been investigated for its
ability to rapidly obtain a variety of information from blood samples collected from
clinical cases. As a result, a rapid-chip or a rapid-kit has been developed. For such a
rapid-chip or rapid-kit, several processes are executed in only a reaction part of the
rapid-chip or rapid-kit, including: combination of a material to be analyzed (that is, an
analyte) with a detectable signal generator; combination of a composite of the analyte

and the detectable signal generator (referred to as “detectable signal generator-analyte
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[7] According to an aspect of another exemplary embodiment, there is provided a cen-
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analysis chamber located downstream from the reaction chamber; wherein the analysis
chamber includes a detection region where a capture binder is combined with the de-
tectable signal generator-analyte complex; wherein the detection region includes one of
porous membranes, micro-pore structures and micro-pillars; and a detection unit which
detects absorbance the detection region of the reaction chamber.

[9] The capture binder and the detectable signal generator may be selected from deoxyri-
bonucleic acid (DNA), oligonucleotide, ribonucleic acid (RNA), RNA aptamer,
peptide nucleic acid (PNA), ligand, receptor, hapten, antigen and antibody; however,
they are not particularly limited thereto.

[10] The analysis chamber may further include holder which carries a fluid provided from
the reaction chamber.

[11] The detection region may contact the holder at one end of the holder.

[12] The detection region may further include a test region to which the capture binder is
fixed, as well as a control region located downstream of the test region relative to a
direction for capillary action apart from the test region by a distance.

[13] A section of the detection region including the test region and the control region may
be inclined in the direction of capillary action.

[14] The plurality of chambers may further include a stoppage chamber which is located
downstream of the analysis chamber relative to a direction of centrifugal force to
receive the liquid specimen from the analysis chamber.

[15] The detectable signal generator in the reaction chamber is contained in a liquid or
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to the end of the analysis chamber to a front end of the analysis chamber and simul-
taneously combining the detectable signal generator-analyte complex in the su-
pernatant with the capture binder in the analysis chamber; and detecting the detectable
signal generator-analyte complex combined with the capture binder.

[20] The movement of the supernatant from an end of the analysis chamber to the other
end of the analysis chamber may proceed at least two times.

[21] The analysis chamber may further include a holder which carries a fluid provided
from the reaction chamber.

[22] The detection region may contact the holder at one end of the holder.

[23] For the centrifugal micro-fluidic device, the micro-fluidic structure may further
include a stoppage chamber which is located downstream of the analysis chamber
relative to a direction of centrifugal force to receive the liquid specimen from the

analysis chamber.
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portion of the analyte-first reagent complex which was not combined by the second

capillary action may be repeatedly subjected to reaction. In one exemplary em-

bodiment, a reaction cycle is repeated for the desired number of repetitions so as to

sufficiently conduct the reaction, thus considerably improving detection sensitivity of

analytes.
Brief Description of Drawings

[29] The above and/or other aspects will become apparent and more readily appreciated
from the following description of the exemplary embodiments, taken in conjunction
with the accompanying drawings, of which:

[30] FIG. 1 is a schematic view illustrating the construction of a micro-fluidic device
according to an exemplary embodiment;

[31] FIG. 2 is a schematic view illustrating the construction of a micro-fluidic structure in

the micro-fluidic device shown in FIG. 1;

[32] FIG. 3 is a detailed view illustrating a sample chamber;
[33] FIG. 4 is a detailed view illustrating a sample separation unit;
[34] FIG. 5 is an enlarged view illustrating micro-pillars formed in a detection region

according to an exemplary embodiment;
[35] FIG. 6 is a side view illustrating an analysis chamber according to another exemplary

embodiment;
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diagramillustrating a test systemaccording to an exenplary enbodi nent;
and [37}¢FI G MGl 3 iPa bloeMdaBaANt iR B s?st@iﬁtab&gdfngrto deteahpion eh-an

anal yte fron1a | i qui d specinmen using a mcro-fluidic device accordlng to an
exenpl ary ent @FW%>@H dBest Mobde for Carrying out the Invention [38]

Her ei ndBtler, dd6. practlpeahanmrexpladmgtdmetbod fanidetechen ekanplagyty fremboldduiédnt s
wll be descr wever, the
i nventive conggﬁchh&H%ﬁ%éﬁgqﬂﬁgﬁkgﬁkgg??%ﬁggotHe%&?ggizﬁhﬁﬁ (%gre not
particul arl yB@:t dortGarnuing entthé baventioni n. [39] One exerrpl ary

enbodi t pr e of an
analytg§$r0n1gx%g§§$%zégggﬁﬁéﬁgﬁhﬁgéi&?ﬁok gggggg%#&flon Fﬂ%&%§&1PQ | east
one mi cro- fI@ﬁﬁﬁ@e@MW@Gﬂ@ﬁ@Chavﬁn@C%mmwmﬁmed@hﬂﬁb@&kﬁmaﬁrMEHQVﬂﬁﬂé channe
through whi chofhs: A} be BhBoGRATPENR b RIRECH AL LRARK ReficARAy Astligast one
val ve for opening and closing the channel; and a detection un|¥ wherein
the device all@Hopadessiibekbharsidn chanber for receiving a det ect abl e si gna

genler af[s9] L 0 l@necsxehi mﬁembmntehep@mﬂleya erlthf meidr@]-lﬂlluﬂth@@ﬁd:efmﬂ dexbetican
anal ysi s cha

t d
ol yeLS hOLpg Rk LR RS e PR SRR o
det ect abl e singpatflgerwetattore mavalgyneltipbnghlambeissatfl¢aseodne dndneltieoegmwhichl ui d

transported *?t?etrﬁ(ﬁﬁ@ etéiﬁn{b@ Catré 9&1 aﬁgp)?eth%{ngn& X{‘?ea%{‘@ﬁeyéﬂée ng&%égoé

controlled by t ove va etection region 1nc
menbr anes, nicksggbe ehagpely @lndﬁ é@e@wnrﬁnetr wheiein the §ev1m1]s0 hast aargpctiganp| e may

i ncl ude, for cRXAPR 165 re&\llemgcétI de@i‘é%ﬁ £aldl d&nrerftd¥ro ]ZP%mbllﬂﬁﬁacﬂ% the @AAREAh
antigen, antibod uri ne, a cro sanpl e,

an avi an sanﬁ?eeh‘}/"éd nggﬁwé @é%g’éls char %&é%té%mts@&%fa A OaféﬂEW‘étlloncel |
a tissue sanphsmbapead mﬁclmfe@hellet‘a:cﬁdin eigharto bvl@chm&@lturarbmdehmwmbmdalavﬁﬂest
sampl e is not ed thereto used,in a
ot or 11 ieseRRRE bbbk SarhE: LG B OBFGR Mo HRER [
may i ncl ude, bﬁb‘reeexlwmph@;onmh@mbcmndahn arg)éms diatmbbod yonDN&ddry tRNahove

ol i gonucl eot iy ?ﬁ/e aﬁ@ﬁ%}ﬁ%‘cnoﬁ%édﬂ'ﬁclluﬂgse% r@%lstrggﬁgﬂnéﬂﬁli%g%o\fy% gcrdnczurgﬁ bl 0od.

particularly Iimte ereto. For a urine sanple e an
gl ucose, ascé¥piocPilegisd, ketone, protein, sugar, urobilinogen, billrubln

etc. [444) FI GA fest @nﬁﬂéﬁlﬁ?ﬁ‘iﬁﬂucﬁ: iﬁr%%mbllaUENrA@th&ukfé@tl@@flﬁ‘UAUBNAO Rgid, a
m cr o- f|UIdIC devi ce .accor t 0. an.exe Vﬁﬂgﬁ r S nbodi nent, while F%(i 21is

a schematic 6?@RF?VW@§?}§PE ¢ ko s § TP SIS 2ANGH! HEPIEtHuct ur e
accor di ng t oasiansxm@pipl atiyesekodinpient prdcdpd foadoiaaipiconabraboely, aktBswesed i n one

xemplary emRgdp IOk o PGS MR pl 86 KPR PLAAOL M Gel see FI G

1). However orm mted to a
circul ar di séictlerlnlinited tlpﬂratpf Daln mmpﬂfemﬁbbﬁﬁsbdugladgluab@wm@lﬂtamm’eﬁhSpI astic

meterials, eaohigf ik Bulter ARIdY ThOLIRRE S NAkiAS rét RhRPRIpRAKY 1 nacti ve
sSurt ace.
antigen, antibody, DNA or RNA, oligonucleotide, receptor, and the like; although the

analyte is not particularly limited thereto. For a urine sample, the analyte may be
blood, glucose, ascorbic acid, ketone, protein, sugar, urobilinogen, bilirubin, etc.

[41] FIG. 1 is a schematic view illustrating the construction of a micro-fluidic device
according to an exemplary embodiment, while FIG. 2 is a schematic view illustrating
the construction of a micro-fluidic structure according to an exemplary embodiment.

[42] A rotational body 10 used in one exemplary embodiment may include a circular disc-
type platform 20 (see FIG. 1). However, a shape of the platform 20 is not particularly
limited to a circular disc form. The platform may be formed using acryl or other plastic

materials, each of which is easily formable and has a biologically inactive surface.
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of the rotational body is not particularly limted and may i ncl ude any

mat er i al swaizbh/wb@ cal or bi ol ogical stability, opti calPCrAR8pA0eCY

and/ or mechani cal workability. [43] At |least one mcro-fluidic structure 30
may be provided on the platform For instance, after partitioning the

pl atform 20 iHuv&vsgwea‘almﬁﬁ@u feTabridtiod Of theep@tiai bod e isarot b&iﬁdﬂll@rlﬁt ructures

31, 41 may b i ndependent |y of on not her an. t he cl.jons. 3 40,
Cespect 1 val y BIeRaRd GRS S pieis N BRI b Gt i S *OFuci?
m cro-fl ui di ¢rassparmicyred/oBechbbichbwoddbilier eon. [44] The term

"mcro UIdIC re which
consi stTIslé of a Atlsilgjirsg ﬁéjﬁl?cr? %qung[g?cgdrg 39%&%& 6(9 ﬁ{e?latﬁ%rﬂl uces a
fluid flow, |Hirﬁ§£tr@wf@f p%rtlaampg éhet Rl AL g %ﬂve@b E)%?flaﬁ%%o 4@h@pé¢a€9f glicrphe

“mcro-flui difgi&e speduee3 1 fm}&niﬂ}ﬁd’fiblaceﬁﬁﬁ@épfeh@enu idf oé kbR fdhanedctibanct i ons
tures such a ement . of cllaanbers

or performan ccordin rran
channel s and%ﬁr‘@éﬁfs\l?ﬁ%tweg'nﬁ% Oi‘i‘ﬁsa R?F“%”lr fftéﬂ O RicEgyEuidi
structure. [4&11ctmc(3m41nfg>kmedtﬁeﬁeom cro-fluidic deV| ce may be widely used in

variou n@ppl I Cﬁlet rrr]ﬁs"‘msc 0 gﬁltcﬁl%g ' ?sed%];re\llr? re'fer%'?o Y hgnrgra asl{ruc ﬁr%%(@lg S
enviro nt al I'y "har nf i ances cod anal ySi's, arine testing,

ant i gen- ant i lsouiysts e%@plmyéuba%@dmhmmmynd selacscanddﬁdumveﬂudiﬂ@v
candi dat es based Q| s E@&&ﬁ}ta%ubpﬂaﬂw Fﬁlereg}@‘/ thg%c‘%‘ Alu¥hé Srucane”

forth. Further, the rgcro- dic_device may sinultaneously detect and
anal yze at | &¥tformg Sa‘%ffalilw@éwtpaﬂeffemféumt@m 8F PsTRalapesspebriRgie fFalithyg at

| east one makgs Al th@ gilr ﬁfénn‘ 6m@by@r¢1ﬁhyelpﬁnd7m\eaweal fnd/ReRUs T nitk@slld C,
pol ymet hyl met hacr % MVA"), glass, mca, silica, a silica wafer
material, et & ”ﬂ) hg ‘étuFFat erial is used in view of econonic nerits and
sinpl e [xl\ﬂr kablAacb;dmg?p,ttheltmab fphastdiemcﬂmagroie&hdelmyed inclatices gppliygicnpy| ene,

pol yacryl at e’suﬁlo sydé't il?.?hﬂ?%}ﬂus 898}1%@3&%%9@ By Yds}lg% u%’aug%ﬂﬁﬁﬁy' ate,

pol ycar bonat e, reactive
sol ution, et @ubsmyetb qudainélﬁ@swdleuteﬂtmgsmgﬁlata@tlmﬁlaﬁb@pgsqj@sn@ igent ri f ugal

force gener at@hoh¥ay Qbath 8Pn&el thg daflidhie@PRkq BA q’ﬂgaﬁ@recgﬂgr Bﬁ&ﬁ&fg' @WA/ body

10 has a rotational driver D for. hjgh speed revol ttjon (see F
Centrifugal foVeaYgeterat e %91 Faft%%rr %lﬁ ngjerorigid w&ea%%%n SIIaPli%Pu%‘/ may
enabl e transaefebtadﬂdmmal@aéaéasadm xhagef a sarrpl e. [48] FIG 2 shows a

and an il ye T nuBar PR T PFEM L atg L otn sl SG B S o o
space to recelagiads, b d-riaspe, maympetbylsnetimcadatb (GOIMAheglsanplie, séparat i on
unit 200 may sﬁf&gg}a?er(fﬁﬂ%ﬁdl éé&lal‘ Tas@k Iﬁa@&zﬁ ?sqﬁls@ i NEQ o"i‘ eé P?A ?&t af;]%it hat

IS serum p| asnm . g eCI pl ate
reaction chariseple 3p0kaHHY+ Prierdis pgagu%méﬁaﬁlﬁ@%ame@u@@ E‘)lgﬁfpﬁﬂﬁﬂm ely-or

dlet eﬁt: ng fp@&'yidt& plalﬁﬂi@meom WePgehy I&féob@@ﬁ@ﬂﬁlmetﬁﬁdrﬂaﬁcpélycaﬁfﬁ&?a‘td Biche,
al cono etc

i gandlflgc ept d ?l Iag)ﬁhthrs%)?qtg)ﬁ{ E?éa%gxt/e E())fut?or}lt Iet%(:"rl?la}%1 Be Itrarcl)sp%rtgc? Sﬂp snse:
separate Chambers using centrifugal force generated by rotation of the rotational body
10. The rotational body 10 has a rotational driver D for high speed revolution (see FIG.
7). Centrifugal force generated by rotation of the rotational driver D may enable trans-
portation and/or admixing of a sample.

[48] FIG. 2 shows a sample chamber 100, a sample separation unit 200, a reaction
chamber 300, and an analysis chamber 400.

[49] The sample chamber 100 may provide a space to receive a fluid-type sample such as
blood. The sample separation unit 200 may enable centrifugation of the sample into a
supernatant (that is, serum, plasma, etc.) and a precipitate (that is, blood cells). The
reaction chamber 300 and the analysis chamber 400 are structures for detecting
specific protein, glucose, cholesterol, uric acid, creatinine, alcohol, etc. contained in

the supernatant by antigen-antibody response, ligand-receptor binding, and so forth.
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t he sanpl e chanber 100. Referring to FIG 3, the sanple chanber 100 has a
sanpl e | wWpadudws®n i nl et 110 and a sanpl e receiving unPCTEKR011TH0@193anpl e
receiving unit 120 has an outlet 130 connected to the sanple separation

unit 200 (not shown). Although not shown in the drawi ng, the outlet 130 may
be formneel to gaaes & edaaipid View ylldsaatey ths@arapletdhamb@vmn)t Rafefting @ &Rl e from
noving toward the sanple s ation trlfu for.ce i s not
nopl 1 2d. Cae. dssreTRadel i AR AR g Sl MR LER Y Bt eow o
the fluid sarulpitdZOaThﬁaslawlermyelbmgmﬂriﬂ@dhamn outket 330 tatned80 to tharstinglenor e,
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sanpl e recei vi i.njection pressure o ro e
inlet 110 an&esq%tl? %\h@PWr &lf Pln@BV‘JdVdE I?r‘?f’ E‘é%}t@ia fgﬁ ﬁ é‘@ﬁiﬂ fered
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St ructure L0 JRISLALE SABLI A ALESRY § A Rl BEE hPEIRRR gl

110 and the sanple rece|V|n uni I's a rhati ve’ StTuct ure, Qlch as
a capillary vanhtemed ypdesempletregeayingirhit 1 patseashieflowrtpivardithe samye sdparatianpl e

chanber 100 of t&O%ﬁgeﬁ"tﬂﬂ\%ﬁ fo?& B §RBEHTabifit2PRE TR ot{tﬁéu; VIV&EC fARIBlee
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sanpl e separ ab theruusi 130200 ﬁmyrdvﬁﬁsblﬂ]@a/ @nﬁh@}ﬁ@y bd MQBHB tel mat and-reeldect or

210 t dI t f 1 h d ipitat
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col | ector 21®e\teosedbllw elcthe aarpple diqmi thetsempletrhcaiehguinig Ry tchihghnlstpddh f i ¢
gravityssiThe sy .ﬁc%rt%ts fatibR ot BRLmpfelPor 1 dR & n@ﬁé’%}ﬁﬁl&k %(R?{&Stﬁ% sé‘rﬂﬂ@”e' 230

to dlstrlbutet e super nat ant |ntothe reacti not" shown).

The flow of GeRAr YN %S)Qs%lﬂlﬁgs qenpBugH ferge by mm@l@ﬁth@éﬁ%@nabmnl& th®30 may
be control | GGalﬁidleQedéﬂlﬁgu@@iOO EhRIyVREMEd Adte HRWaRBY 8AY tlﬁé/ﬁ%qpl)é chamber

mcro flui dlg éa]L ? I nst.ance, @d{;ﬁ“valv 231 ng%s [ise a so- call ed
"normal Iy cl o8 Refapele sgRaREPH URt & éFntB‘ gn gLihg samble maydbey t o prevent
a fluid fromcbhioiredinufiffesat fonas,\ual e eQﬁﬁpl&ryb&)mlanmﬁmﬁte]f led sappietepsatione.

;Ilgg é?ef Sr ri n%lt%@ﬁ l1(s sthgwlrzlllﬁi FI(’% 4. RetHl) % & %ﬁg%, %ts%rrnip{]egseggr%{fgne lrmi? E&) n“&%}’ be

include a channel-type supernatant collector 210 outwardly extending from the sample
chamber 100 and a precipitate collector 220, which is a space formed at an end of the
supernatant collector 210 to collect a precipitate with relatively high specific gravity.
The supernatant collector 210 has a sample dispenser channel 230 to distribute the su-
pernatant into the reaction chamber 300 (not shown). The flow of the sample passing
through the sample dispenser channel 230 may be controlled by a valve 231. The valve
231 may be any type of micro-fluidic valve. For instance, the valve 231 may comprise
a so-called “normally closed valve” wherein a channel of the valve is closed to prevent
a fluid from flowing unless the valve opens by an external power source.

[53] Referring back to FIG. 2, a supernatant metering chamber 250 may be placed



WO 2011/ 093602PCT/ KR2011/ 000192 bet weery t he sanpl e separation unit 200 and
the reaction chanber 300, so as to neasure an anount of the supernatant. A
vol une ofwohelsep@enat ant neteri ng chanber 250 may be s®CiKR2enoodb2carry a
certain amount of the supernatant required for testing. A valve 251 is
nounted on an outlet of the supernatant netering chanber 250, so as to
control the hbktwednihedampldi@puative uid 200y e réuction Gdnhber 30O, sSedls Vcafn%esure

identical to the val v 231. The.s r nat net er chanb
comnect ad 1 oAl Bt ine b A SRR e TPl e SR Sha iR aSB o
shown i n t he bdsafficreyf toarryl o e@rtapt amveint hitib enpeamadars me@uaidil ttoromgtingf Awiatve

channel may bg; wﬁxﬁﬂsﬁoﬁgﬁ %% 8% iR sﬁgémﬁtgnﬁhét%%a{an%?@?@ lso %F% @d?l‘?roi he
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O
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conpetitive Anunoa cdn al'ns vari ous enz udi ng,
for exanpl e, Pb@ﬂeyﬁmam ared mptdrimgr for DNA anplification, and so forth.

1156 qug firs tFntgPMcﬁsrec&m%r cﬁé!rgbé@ 3 ‘P@Qﬁlﬁﬁ(ﬁﬂﬁ fecBiv ' rréa{ctéﬁ? Eﬁlatqb aa”ber 313.

The fi rst vent chanber 313 forns a vent path to communicate the firs
buf f er chanb&facdIDSAEN) dscudied 4pr atigen-pHiROd¥ seppysedir adneahgmig! Fasetion r st
buf fer cont al(m@ﬁag ngﬁﬂaeretéﬂ@tblmm er chanber 310. A valve 314 is placed

bet he f t 10. and .t h hanmb
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b B 0

and i nstal 11 sonangd Sy dor stk ffhuh Bl 3 Byisieh B DRRE ey

remai n seal edmlllmlng, foinexapplles églygmasamjd Buirmep fas A pewlifisgewy didhgp ﬁ0®thanot her

exenpl ary] enb@ﬁierfﬁé‘ttbufﬁr BRL:&e R90 ?s%m?@dtec{ﬂ&%ﬁ@h@ﬂ%hdﬁ%ér@% Priavidednat the
outlet of the first huffer chanmber 310 in order to provide a constant

anmount of fi cBEMPgIFH érfoméqquéaathcw copanisgte; the Hrst H‘éff?ré?éé@%fn” 19n%itber 300.
If a valve (@Q{er@h@i\t\ﬂhus &slpUiRtiedgian tfistblfedr cohtainbe inmdkamriigfehanber (not

h , the fj b t d th ter h i
ot used, ¢ henperTh Rivabientts ToRad G0 Whe Y plfiethimPrE 0 G FERRST 1S
chanber 310 tventtdhembeatit3. dmothkandes 3 BB nbyunegplem angouitleeofthe Yiest Bufifenount ed on
th tlet of, f f W hanb
328 ?gce?veg g&gg%glgs% c?llbffsﬁéhr e secongéguzfl&?%%Bgﬁnagpaggd%o\{egéigngl eera
substrat e bufiperibed ks By dntgpdypiagitha Grselytég ipp ﬂfl ot Pefershambper Jwadr at e

with a pr OdUQﬁstﬂfingiﬂl@Jv'dEz@& 81T %31'40ﬂ1e%s10&ﬂ1éﬁbha{m%@ 3'1@%51'r@rﬂam%e£lécfl figi1 t hat
cont ai ns vari.ous enéﬁlg%ﬁ uired for bri di zati on, "and s forth. The

second buf f efMCHAYS LS PSRt tAlcé‘PrFlin%/tﬂ SNQheXgMPlaRE emPpdimeg] ot o
chanber 310 exatapig chamber (not shown) may be provided at the outlet of the first buffer

chamber 310 in order to provide a constant amount of first buffer required for testing
into the reaction chamber 300. If a valve (not shown) is mounted on an outlet of the
metering chamber (not shown), the first buffer flow may be controlled. If the metering
chamber is not used, the first buffer may be directly fed from the first buffer chamber
310 to the reaction chamber 300 by opening the valve 311 mounted on the outlet of the
first buffer chamber 310.

[57] The second buffer chamber 320 receives a second buffer. The second buffer may
include, for example, a substrate buffer to express a specific color by reaction of the
substrate with a product of conjugate reaction or competitive reaction, a buffer that
contains various enzymes required for DNA hybridization, and so forth. The second

buffer chamber 320 is substantially the same as the first buffer chamber 310 except
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poi nt the Iyse % der..is conbined with an anal yte contained in the
supernatant. ¥ Saég h%cfj ¥ ect abl e signal generator-anal yte becomes a
novabl ¢6@r oduclhe redctivhehaulper3datarives tlevssipembant fien nteaatpemataahaeteeng 300,

t he det ect abl I rhy stage
w16 1| yot Suipetal DAL Ll L2 RE Rak b ey SQP ) o BILAN WL 00 23% 0
a | ater st agéectabdmyigaligomahtor E@ﬁ@mumgll@@dm\?@hq@l@m ems with deterioration

in reprgguci b'Wh&ytthdefe@t%Blers?g%'d ge?le?a!?& 1ﬁ‘a@6ﬁ@bﬁa’%'150ﬂe£e%§Hpﬂﬂc%?ea%h&pal
char acteri stics of andl dependj ng on variation in re-lysis of the

det ectabl e s .Caﬁaberg*é)ﬁeﬁhsflsﬁectahlaﬁ&ﬁnab%ﬂnﬂa&w e tSFlPPWé‘éDéFé QBIMdnRS” §yedl
generator, sion@e rbakidnahapdl 3oaroy afpordie pag tHef@gn Urtat isathd deRotabRYsigial t

R I RIS W
si gnal gener at whichpsint ithe llymdablsdflr idcqpintzaiseal withl ah axaytetcontalmed phihei aal s pace.
On the contr ?Ebﬁma}lb th@éS Hﬁe@@ﬁgﬁé i@’a a%%@&n% e Héc%?n 8afAGbIO

chanber 300 contal ni ng t et ecta gener dt or an an ana yS| S
chanber 400 P&dughpi the é‘f‘RﬁI‘%?é%flt@@WSd@@élﬂq ltﬁ‘é%tl%leqhéwbelt HE: dydegactabloagnahg

i nfl uences of eﬁ&atbyﬁ,le%c&%w@ly%ﬂ%ﬂ%bh@ezﬁl;@dﬂ@ée \ﬂlﬁ[b%a&m oﬁﬂhé/d@trect@bll%fsigh\él rate
of the detect abI e sig nerat or on ca Ill&?éﬁ? arc c:lgn addition, as a

fluid sanmpl e SERHELT }S rasélc YsHbced L dilgerrage nfppg) §ahaolo8lss YaYss chanber
400 after cowdtﬂémmglthdﬂmmahb@ﬁn &fprddluelbdﬁy et teablesulsi agdadongenemahor 11 WO
2011/ 093602PCT/ K 9 na e t ed
space, t he dgef‘rs/g RSZC I{apglar%lcl%enmh%sé (I)ft atn?llry?es dé/pggdmgeﬁ VB.I‘I%(?OH 1% re)sfys (ﬁ?ﬂé\g élf%t her
a liquid or aeowlft dgmlat:@eratps@qd@r QjJéiﬂ@EtrabbéthsdqmablgellgealaeocraMfm@; to a
material spegpfi £a hll/ar\ﬁ ?&Eé éd%ﬁhﬁ"é{'nitf&n@'an@tﬁél Mﬁtecoﬂfa%h%% deRectB® 4 ‘13t ion
chanber 300 by any typ| cal net anpl es of such detectable s nal
gener at or vaE§nHEREHGIRP BNt R Rhypisa! sprccantrhyteelnolomes 41%%1@%6%%%@8

anti body A asyHeRgn aﬁaiew‘c&,bletshgqaqigé@@zlta;bﬂnastsaegﬂalsompl@rsabﬁu flﬂaytohﬁe a

conj ugat e suc as .an an or anh}ebod

e o R AR On Rl e o B b A e St B b R ko

det ect abl e sichmaberg@fepatoingthe déiectablecpmbl gapdrator anlen meagsis omcheadber 300,
t d

3, coniugat e §or Tl ARLHRRKHA, 0B UOSERRERL LRI AR 1 o0

A, followed wtabéfemgmalgh@er@t@hm@@t@tﬂw r@epé&lpud@wctapgg}gmahmesat@fOrt he

detectable s 'c%]ﬁﬁry%f&%rﬁltdaﬁltf& ad af‘ﬁlhlﬁqgmpfecﬁha?i&aﬁrﬁhﬁd sﬁé&ﬂﬁ@?f ik fedPBRASE
nmetal colloids such as | oi ds. or silver caol enzynes such as

per oxi dase, ﬁpﬂﬁ?lég%%tief ﬁﬁ@ éft?reﬂoglp ftingioBPEatan 8F rh§|d§t60£,a&}fe%1 BagsivEyfet i c
materials, materials containing |lanthanum (l111) chelate, polyneric
nano-particles, and radi oactive isotope elenments. However, the |abels of
the detectabl e signal generator are not particularly limted thereto.



[64] The reaction chanber 300 may have{q waste chanber 360 to store

resi dues remaining after the reaction which were rinsed using a washer

buf f er i rwOheim@sdser chanber 330, inpurities to be w t h#CaR20amdotone |i ke.

The inmpurities containing an un-conbi ned detectabl e signal generator and/or

anal yte are noved to the waste chanber 360. Therefore, for exanple, for

non- conpet it ivieh @a alhzyysﬂe $n 8 pﬁtfsl@&lydepze@tbﬂ opucef the peetthble sinbl fodia@s, mBibe

un- conbi ned de%ecﬁﬁ %tthqhg tor ﬂﬂ%ﬁ aIyte in the reaction chanber

300 is neith&°SH ygggwp Hherh iYL P2 EhYAF 200 nor conbined with a

capt ur é6Bli nderA petectablenighyl dengathrirefes to @svatensyispeviforally reating lithrapginakyte

descri bed bel I t g..conpl ex
Pwlde%ﬁﬁ%éjﬂeQ& ofr chmB&t ﬁ{b}@b i ?f;lg?]%etg&p %&%ﬁfes% ;Q;Lclﬁ &e

i S not bondeg to t test region or regi on ere av0|d|ng
conpetitive iesbls tizem gémeréteéﬁarwﬁmw@g Mpthe éxpep of @M@@S &Rr sagemtivohed

por tion of t Iﬁﬁtﬂ%&?'ﬂ b@tﬁe%nﬂg&aflﬁt&fkcta'ﬁle%léﬂh? gRP4Er ﬁﬂﬁﬁ@@&o@ﬁ@a‘ce Such as
"hi gh- dose Hook

fect Sed. b ncentrati o te 1 s not
observed. Thé‘n\ﬂﬁ%eé‘ (Eﬁ&HB%FB’ @Géln%%fl‘,’&h%rgﬁt{ gPB‘“’ErWiS?C a?étal IShdtber 300
t hrough a chamuneial 3\613:reﬁ|1'h1& mhﬁ)bdﬁlA eBﬁZh&dﬂec&ablﬁhfgﬁal%@ﬁthjr ale firaycdnebiged
normal Iy cl ose abo Th n 4 IS
connect ud t o1 s AsBp EBRRES ARG PR Be Pt DG AR SRR Hol0al
fluid from t heteresh i fixed to Iﬂmﬂn@WSB@@alab@re‘IOOt h%ng angttigen chgespending & bd. [ 66]

The anal ysi s 46 eA féﬁQw&&b?ﬁ&Vdﬁﬁ@céngﬁga?é‘fokH%ctﬁ{ht' body response or a
speC|f|c blochenl reacti on between bio-materials. [67] The anal
é@éﬁlon

chamberd 300 i r{é\lbﬁ]a@é the detactpble Al geierytacBRY inedrds, for gRample RAlY R

chamber 300 afdi@lcoll6itighiatdsngldcdlBaRidr eflver@bHoids, #ak Bfi¢d Q0h beHoRId4) flnder
12 WO 2011/093602PCT/K i 000192 capillary action mhlc? consi ts of
porous membr SFEES Hﬁ*aé?flf‘ ORGSR B FATUPREISHT Maftialsrietgidlect i on
regi on 420 i rohtadhés lanthesitm (EDicbela#3folymenbhato-parGelps, uneé ralicdare isstoger ect |y
or indirectl d d T 400
may fart hor eSS HoleRbr Bl IRIATIAYARAME Shnal BB B00 T PG ETRAL

i ndependent difniteddhazelet ur e blnder permanently fixed to the test regi on 430

i's permgpent| yl“ﬂe'r&ﬁ;‘éion B&hoe308Mehydfavt Q%ag%t(ﬁﬁﬁlb&n?)(fﬁg AT fkgfaiubssre%ﬁrﬁ
to the hol der 410 and,. when a fluid fed fromthe reaction chanber |IIs

the hol der 4ffer ihpgeasionwhih vesie r%%@%%élg&ew%ﬂ Brfferdy fisnvasher qhén@alb%%}» ged
:c n the flui dllm)ﬁletﬁd esftolbb Wl@lh@.ﬁ’@i agd ﬂlb&khdfmmﬁhﬁey\t%dﬂalﬁlglglad unGagibidedr y I
orce is appljege a_de si gna
gener at or - andFirabR BBl AnaE R ohedult o3 v yf ShATBE26 The sane
direction, tHatrefae, oOr exxmplefonoiftenphtitioe tadlyes sichraldegemar eftspecitinadnyt e
conplex is ¢ t t he
ot SRS in S donb ORI B oDl b RRATAATIbidd B

t est regl on anti ge y response or

a speci fi c bi38@ frepgithar shifdedotojtomansdtsitedambpiof @i sPmbiied pyidy scapaye hlﬁdéfsul t,

t he deteCtab'@nﬁ&ﬂﬂ@&ﬁﬂ&ﬂﬁhﬁ&gﬁqﬁﬂﬁbyﬁemﬁﬂﬂﬁé déwﬁﬂ&ﬂ@mﬂﬁdAaﬂnhﬂgthSt
regi on 430 aﬁd th contL regi on 440. After iS co

t
shifted to t HECrRBicsHhaLEweLy aﬁi‘&b’t%‘ff’rﬁ%}ﬁ’f f%%lgmr ettﬁ% r?g &‘S again
del i ver ed bacbntrcﬁitreglbﬂn&hdfreﬂ)inmcﬁﬂlQ chyipereihvierinfiibigieh of @mdldz)oaﬂmlgl Bibrédver,
Direction B i h entrif I for n ed by
rotation of t% e M un Coﬁ%neé iP O},{g)evoefé%e éﬂfﬁ'égﬂq’i FREE tlgg?llntg c‘gg te a%g)afgﬁ%r ce,
Direction B, “h@hcﬂ@p@klptﬂe effectt harseldl be ¢ highrconfentagon hmrlytea&:mtmbsermd dbti on A

Accor di ngly, %@m&&ﬁeﬁ%ﬂﬁ‘hﬁfe@%&%{h‘af}@alct&ﬁ%i?ﬂh@éﬂ%og%ﬂre %}Pé‘@lﬁalnhé‘lr%f orce
applied in a sin irection to react the fluird wt reagent, a

2-fold increddgc gwneb%&?t hasrt val vee3Glsvhiehmey &g 2 nopmally ﬁosqde%w@mrgbeénhanc. ng

reaction sensb@wylty [69] A reaction cycle of the application of capillary
force recti and, centr i al faorce (Directi ot Llimted to
on y o byl T iy 3R Cuiiaob s Gyt tr S By Chater a0 Mt G « he
hol der 410 byp0Send rdctivgad ﬂﬁmlrfcc&nMe%tmmmhmgbem&(@taf&nﬂmfreﬁd&enms terminhiedi di c
devi ce, port i r whi ch
wms notoonbi g v ¢ R A By T A ar AR ARl BB B BRPRIE e
capture bi ndétOCb@mmh@ﬂQtl(yl HQW‘E@ higmaesialest regi on 430 and the control

regio ncgé’ﬂjo by 18RRinhly&E )éhatrﬁﬁé}QLOD AndRhde8 GtHoRIRr A0 ﬁfrtr&rel\tlﬂée a bl ﬁjoﬂﬁhé: onpl etely
shifted to the reglons 440 by a. second, application of capillary

action, the ffasHaT FRamlss %aft?f NN YFEIIER P b2 AeFPehian 138ion <P HEdE second
application of centrifugal force generated by rotation of the mcro-fluidic
device so that a portion of the analyte-first reagent conplex which was not
conbi ned by the second capillary action nay be repeatedly subjected to
reaction. In one exenplary enbodi nent, a reaction cycle is repeated for the
desired nunber of repetitions so as to sufficiently conduct the reaction,

t hus considerably inproving detection sensitivity of anal ytes.



11701The anal ysis chanber 400 has a st gppage chanber 460 to receive a
portion of the 13 WD 2011/093602PCT/KR2011/000192 fluid which was not
conbi ned wot2h11td98s0capt ure bi nder after the reaction i n Ph#/KRe11/00620n 430
and control region 440. The stoppage chanber 460 is connected to the

anal ysi s chanber 400 via a channel 462. A valve 461 is nounted on the

Z Pannel h462. cadpidanyalcuen, %cmstsla o p@mumﬂldnybr@ﬂleﬁsm@bw@bmmeﬁ@ésidae@hoa@ove
ter t erea u i ci ent C ucte the n
theT1uia comilirnane Bekridt SER L) SRR T LB e PR INER 5
t he st oppage doheihberindig@tly$ixed ircemter of asspal arrhb'rcerseT@@maﬂﬁusetdlabljDelr H0anipn of
the mcro-fl %ﬂ{e‘f hQ@eVé &ﬁmoﬁ Fk!lg?%& ﬂd‘%%ﬁé}ﬁﬂqo&ﬁlﬁ‘? cﬁ;?tﬁfétﬂl 1[139}Jena offature

bi nder refers ture assay ana e vari ous
material s su@ﬁnptzalé'3 tamqr@élimanamly Byetito tb%@y%glogr%O llszmmaalﬁaﬂx figed.i ke

?ﬁpe ndl[?ﬂt on tAvee RN btﬁ& Ele{té&fﬂn%@oﬁ&?@[sl HKhchdb@tdBe ﬁB@ls{[YZRﬁangF%eﬁ H%ﬁf\g e, if
e anal yte amat e- c e ure may be
acetyl chol i néedeg?@ @aft)-@—n%a %\%:”ébeteﬁsf tIhF h%ldﬁhéﬂirtt hie qxtengdgd S?FP?@%F\ t he
capture bi ndelretenmn Jtegloa 42014 subeneagdd iboltyflfiidr Whbe fwllyc ¢hgefing {h&ﬂoldEhelO
detection r e%lﬁlnﬂ a%ﬁla%focfce 1S hggll?e%qln l]ﬂuaecé{or]; A ?1I Wi hin ﬁ‘ﬁ?li %gd E‘Figtectggle

optically transpare € a Cross-sec ina‘¢ircular or
rect angul ar f@nah geRoratarkvealyest @cmpl@nmp@@ adongthe defiettioraregioncgdan the same

Cross-secti ORre@fbn, Hafls"BlreARIBe d%ftec?ab?@é?%aah géﬁ’erﬁtHPQndTﬁX cORAPR& 1§ rom

approxi mately several mcroneters to approxi ety 1 nete size of
the capi | | ar yoramed #a{h HepaEr Pider which .wea:ma@@ﬂiy ikefl 4p e texiregion @ﬁ andy

ZSB erm ng af rﬂﬁﬁcdgk@pﬁgml 440rb€jrtdnﬁgeﬂ hiaibold$ ,resb@ﬂmltdwsp&clfﬂ Eﬁcﬁ&h@@lﬁ’e%ohﬁgl on
may e rne Sulta mat er,j S n t he a Sha

S 2 or B et e 3. AT Sl e e e b o naray €,

Exanpl es of suoiplexds entiapped matyie tasClegibe 430ra0d shenmmbobregin 4AH0CAbepibe éluid

Struotures, Gl Bl Ak @ £0BL LKL v ouphave e e Ml A, P02

used for prepari tection re)ghiy nal ysi s
chanber 400 dabm¢¢blb¢v§ inte tharoelderd 16 rﬂ@hﬁﬁygaéiﬁ@é@ﬁmﬂwﬂ in Rafetiqn Bghewn M G

6, a detecti @K}rf%&"ﬂelﬂ% ceﬁlﬁv}fh f@rcé%s enbRGIVY A%%on%ﬁ%e%ni‘éﬂﬁﬂﬁi@ﬁc reg| on
440 |spart|ally|ncllne rel a tothe Diréction A for capilla

action. Mor e dp4FETdGIdieryon %frFeéﬁﬁu%ﬁ f?fﬁ% Rigsclen iBots qreghiniodbpd lrf'&aﬁv HB into

contact w t hcapin@lydetiost Ibirection ms A@aoﬂdmgw domp@ﬂed éhhyoconyBhtordlV @chimiqwhi ch
the test regio troI e

other Cuni - 4508t i HaOgerkdpriRhagingl Bsthon 10wl AbPGRL  AEELBRebilh no
such conf i gurat-fobhinceaschmtreddhion ¢ine 1A9€hlovfedt netute reecdrkdny eeginomg4@@'tiosoni ng
into contact (Wdhthe holder 410' is |ocated below the test region 430" and
the control region-440' so as to prevent overflow of the fluid exceeding

capi | | df%1 f or ceraggtion excleeoighe aprligptign off capillapn orereDisc o P pyd espydlyigent
provides a cepbke (hi#83onB)GE Rot it © oﬂ%&ebymrbud efectdBpeRly @hsphahyt e

having mutti dreandamei tenofdendio Beeriai PfCFﬁngﬁgﬂR{”{ﬁé:fg‘hﬂ?%{ Wil ? bl e
chanmbers are nuonmnmaedietvmgezt ﬂi‘(ﬁnon aﬁﬂhe deteb@bletsignabganat av@- afrmryt@mnplag and
o o5 na e, S raR SR SR B SGEED 5 Sevie
capture binder permanently leCd to the test region 430 and the control region 440 by
capillary force in Direction A. After the fluid is completely shifted to the regions 430,
440 by a second application of capillary action, the fluid may be again delivered into
the holder 410 using a second application of centrifugal force generated by rotation of
the micro-fluidic device so that a portion of the analyte-first reagent complex which
was not combined by the second capillary action may be repeatedly subjected to
reaction. In one exemplary embodiment, a reaction cycle is repeated for the desired
number of repetitions so as to sufficiently conduct the reaction, thus considerably
improving detection sensitivity of analytes.

[70] The analysis chamber 400 has a stoppage chamber 460 to receive a portion of the



for receiving a detectable signal genesator to be conbined with an anal yte
inthe liquid specinen and an anal ysis chanber that is | ocated downstream
of the rayotoomIsdeanber and i ncludes a detection regi onPCO/K&TINOAIY APt Ur €
bi nder to be conbined wth a detectable signal generator-analyte conplex is
fixed, and wherein a fluid transported between the reaction chanber and the
anal ysi s charmer whﬁ:hmmbo&dreldnaywitheheactapheesmdartetevaieweact@ndn weaegi n t he

det ect t

mcr o pi 11 ar T ST BRI RS ast <FATRERED srt PR PRt i cal 10
t he above- deeoalybedhmlmrﬁ()@wga aeriboukl ARt A velve dpl it matntedhen tieahanifdl db2i ¢
structure Is qipyy ‘2’16?"&1;%/*}% o%l%gﬂx} k#&k&i &al@eec‘fésgﬁbefd"é%()% Uﬁr{érgﬁe reR@dnlig Ul ar

characteristics and/or t con urations o mcrof ui di c

devi ce di f f eseificientlygpadiséed. alesvewetﬂéél ig ‘qunﬁ@a apst gifid cantangsd arthe anrbedi nent

Wil | _be expl ahaaser 4}0’0'14&) IQ@I Jhli e @Qﬁ&itbﬁa@@@hﬁﬁbér%o%@iﬂg c@rﬁﬂﬂighlfb‘ﬂ& may
be omtted for bre

(that is, théeRse htyi?fa c fasonBede Setipr-afe SreBRtRa St
det ect @blje si glr‘]ﬁlcagtemehslaﬂe:trreﬂefs ta arcapiid pmbehﬁan;b@rarﬁ[}@es advadyiacladd | ocat ed
Then: ‘the 11 qa0Sanr G08 SRE ARath i Rel G B PR R R el vt o
conpi ex is delbpfmeltr@bn the sutjedighagie mdterids t hrearahyaky.dios inskemmbef the@0aly®s t er
filling the ho} szff)arﬂétg b‘ﬁéetdhn&'aﬁ(:lﬁ{; L{hgceﬁﬁg@lbﬁldef h&y bk 'd&éiyl%ﬁ&ﬁleeesﬁpa‘égs al ong

a detection re%é capilla ere n an end of the hol der
410 cones i ntd Eht\*éele wnﬁlmelaé@éetﬂgeahtbf‘e@p&ﬁe Qleerwbeeaﬁﬁvmﬁg al ong
t he detecti oanﬁ&gquarﬂiggnhghnD rection A shown in FIG 2, the detectable

I t mbi ned bi nd
er mand Ay § Sl icn el FAOGH orsBe sut Tity ot T By e SEagp by
exanpl e by anmtahgerensrind begyhave 8 pons-eeaionadn 8 paculat @ ibetanhearifoah. Heealst i on

bet ween bi 0”%%5{16’}1 l%glo[n@b Vith %&?&]ﬁ%t%%jss %Qﬁ r}}ﬁ‘?erﬂﬁh?ﬁ&?ﬂ & axd ﬂﬁlry
gener at or ent react chanber
300. When t héuhﬂteﬁescltaam tromj @pmxngetﬁbfrsmv@ml myr@ﬁetgert@ approginggdely d phase t he
detectabl e signgheideResiAL @ihd &éfﬁ@ar% @hﬂehﬁa}f @@&éﬂn@@ v&dﬂﬁ{@%mé@@aﬂgé | ysed by

penetration of a supernatant, and | ysed binder is then conbined with an
anal yt e cont Ariien ‘iertFéH%lEFp?e’feﬁd’[l%ﬁjtceHTﬁtéo Al ﬁe@a@e%éﬁl%ﬂeﬁé@gfﬁ&uon

generat or- amal) yta§ Hedomi@sbytanyaible npit@tlcds. o & théﬁhﬁewmﬂeﬁvapove t he
novabl e produc arated | ner at or.- cg‘rr:t ai ni ng

o on br Y Slun RSB e iR RS STt Bieh By 8 3ROGERY L5
wherei n the deteciabheisigkporgemamairenescomtraipniergrupords, oncrdpiléans.endthe nt o

the reaction kbanbes 300 Wb sikdesaRRilar rebBnaGLE A0k OB S

received in the analysis uence of re-lysis

of the [l ect 4BCeb shejrnan yuhsisahambard)io aceuding swanoshes esemplaey dakaskinal) e

si gnal gener QiR t IR, 6] @ayte&gfncle mbEth%gombdrx i©X aBudad. a donkbher mor e,
since the fluid s l.e 1§ nto fhe an \/ﬁ)

S
2011/ 093602PEH! 17 b 1“8 BehER B E F?Sé’FeCE%‘hﬁl 8t Fapdl b AT WaMBR of
t he det ect ablperteurs] arg@merfah@detwﬁoh regwn amtilcy)hﬁng mt@ccpha(s wdild holde@adat ed
space, the d?(gr%?ta glp%va%% glr(]:ﬁ tg)?lr{l%lit 1n %¥C btﬁ ES[E g 35 Bl qet%grcl:gnt ori ei t her
aliquid or a sold Draans ortation % b dsa econfalnlnga
det ect abl e siregion 44Ermeg pregant, a)vialqﬁheO&l@nmmékSG oidhe tlﬁectmarcglpoﬁ%hanber 300

to the anal Y%{rélgﬁth%ﬁp%asé‘@@eml?d QféhY:o %ﬁréﬁﬂd 8 thaP YheQRAMIOD G AAdicEcASH Ng @
valve 305. [79]"FIG 7 1s a b g% millustrating a test system

accor di ng t o &R NSORYRE @Fﬂ)%m% thth naldsity’ i Ipeadsd kejew &ha 155t reHEN above

exenpl ary enagdi malrthe t:(b”tﬁirdll 9@50@44031;5@%1& @eveht bvafloW df ke @t akideging
di sc-type mcra-fl valve switching unit E, a detection

unit 30, an SWIB%YL#BW’%M@L{“ gfcﬁrgﬁgbm s dat abase (DB) 50, and a control

unit 6Q74Jor coﬁmmhﬁrlexﬂgp]lar;demb@imbntqewmm chastfupdedicabividic Je8ikk fdhe

rot ati onal t or der
to apply cent ?%? %%Ig f oa?lrg@%% ﬁ@?&q@% %ﬁég%ﬂ&? ﬁ%glr?ﬁllr%u 1? Ejfeﬁ gg%hlg(fem;ﬂ ds‘}gic | e and
nmovement of &tredtuiechavimgdnglliple @@@b@saﬁ@%mrmce@nndh@remwmeh |t1@emnlt1|p1¢ or der

to nmove the apghyst §re%ﬁﬂ&%‘éd tﬂQ&h&S%‘d &th&ast 8de &a@v@fo%ﬁérﬁ@%arﬂpc%ém@ﬂle ak 82]
Al t hough not shown in the draw n the rotational driver ¥ further

i nclude a moiBPt 1 PRARF B At pn BB YRAFIN R Y iCita e 2gertion shaert he
disc type mcro-fluidic device 1. For exanple, the notor driving device my
have a stepper notor or a direct current (DC) notor.



[83] The valve switching unit E is proyjded for opening and closing at
| east one val ve (not shown) of the disc type mcro-fluidic device 1, and
i ncl udes W0 2ext@8eal energy source El and a novenment uniPCTER2O/002 t he
external energy source El to any valve required to be opened. [84] The
external energy source El may be selected froma |aser source radiating a
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example by antigen-antibody response or a SpClelC biochemical reaction between bio-

materials.

[77] As described above, the detectable signal generator may be present in a liquid or
solid phase in the reaction chamber 300. When the detectable signal generator is
present in a solid phase, the detectable signal generator fixed to the reaction chamber
300 is lysed by penetration of a supernatant, and the lysed binder is then combined
with an analyte contained in the supernatant. The combined detectable signal
generator-analyte becomes a movable product.

[78] As described above, the movable product is separated into a detectable signal
generator-containing portion and a capillary force-acting portion by physical
separation, wherein the detectable signal generator-containing portion is entered into
the reaction chamber 300 while the capillary force-acting portion is received in the
analysis chamber 400. As a result, influences of re-lysis of the detectable signal
generator and/or outflow rate of the detectable signal generator on capillary force may

be favorably excluded. Furthermore, since the fluid sample is fed into the analysis



[92] The output unit 40 outputs diagnosis results and information as to
whet her the diagnosis is conpleted or not, and may i nclude a visible output
devi ce swwbh2011/d98@92d crystal display (LCD), an audi o ouPpliikKRteumel9such as
a speaker, or an audiovi sual output device. [93] The follow ng description
will be given of a nmethod of detection of analytes in a |liquid specinen,
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18 WD 2011/ 093602PCT/ KR2011/ 000192 capigl ary force and centrifugal force
used in the exenplary enbodinent is not limted to one cycle, but may be

r epeat ed wonrotie3@esi red nunber of cycles, so as to suf PCEikRiy0eAduct
the reaction. In other words, when rotation of the mcro-fluidic device is
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above. 19 WONPY149'0¢3602PCT/ KR2011/ 000192 d ai ms
[93] The following description will be given of a method of detection of analytes in a

liquid specimen, using the micro-fluidic device. FIG. 8 is a flow chart illustrating a
method of detection of an analyte in a liquid specimen, using the micro-fluidic device,
according to an exemplary embodiment. In this non-limiting exemplary embodiment, a
process for blood analysis will be described in detail.

[94] For example, whole blood sampled from a subject to be tested is introduced into a
sample chamber 100 (S101), and the micro-fluidic device 1 is mounted on the ro-
tational driver D.

[95] Next, rotating the micro-fluidic device 1 at a low speed, the blood sample is
delivered from the sample chamber 100 to the sample separation unit 200. The low
speed may be, in one exemplary embodiment, a revolution speed generating cen-
trifugal force suitable for moving a fluid. For example, the micro-fluidic device 1 may
rotate with an accelerated velocity of approximately 1800 revolutions per minute for
11 seconds. By centrifugal force, the sample moves from the sample chamber 100 to
the sample separation unit 200. The sample is transported from the sample chamber
100 to the sample separation unit 200 by centrifugal force.

[96] Then, a centrifuging process is conducted (S102). The rotational driver D rotates the
micro-fluidic device 1 at a high speed. Such high speed may be a revolution speed

separating the blood into a serum or plasma as a supernatant and a precipitate (blood



A centrifugal mcro-fluidic device conpyising: at |east one micro-fluidic
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chanber in which a detectable signal generator is conbined with an anal yte
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generator inif R suFARALANASRFERET 4 FSidCARMpA @8 id, B 1Ruid specimen) containing a
detectable signal generator-analyte complex is created in the reaction chamber 300
(S103).

[99] Subsequently, by opening the valve 305 and rotating the micro-fluidic device, the
fluid sample is moved into the holder 410 of the analysis chamber 400. After filling the
holder 410 with the fluid sample, an end of the detection region 420 comes into contact
with the fluid sample contained in the holder 410, in turn enabling capillary transfer of
the fluid sample in the detection region 420 or 420°, which consists of porous
membranes, micro-pore structures or micro-pillars. The fluid sample containing the de-
tectable signal generator-analyte complex moves along the detection region 420 or
420, and the detectable signal generator-analyte complex is combined with a capture
binder permanently fixed to the test region 430 or 430 (S104). After the fluid sample
completely passes through the detection region 420 or 420, the rotational driver D
rotates the micro-fluidic device in order to pass the fluid sample back again through the
detection region 420 or 420’ by centrifugal force. Here, a portion of the detectable
signal generator-analyte complex which was not combined with the capture binder by
capillary force may be combined with the capture binder (S105). Therefore, compared
to the conventional technique wherein an antigen-antibody response and/or a bio-
chemical reaction is terminated only after fluid flow in a single direction, a reaction
time in the present exemplary embodiment is remarkably extended, in turn, enhancing

reaction sensitivity. In addition, as described above, the cycle of application of
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9] The centrifugal mcro-fluidic device according to claim1l, wherein the
det ect ablwo2ogrBeogener ator is sel ected from pol yneri c PEROSR20Met06192

coll oids, enzymes, fluorescent materials, |um nous materials, super
paramagnetic materials, materials containing |anthanum (I111) chel ate,
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generated by rotating the micro-fluidic device once more (S105).

[100] When it is determined that the reaction is sufficiently conducted (“YES” in S106),
the valve 461 connected with the holder 410 of the analysis chamber 400 is opened and
the fluid sample is transported into the stoppage chamber 460 through channel 462 by
rotation of the micro-fluidic device. After transportation of the fluid sample to the
stoppage chamber 460, the reaction to combine the detectable signal generator-analyte
complex with the capture binder is terminated and does not proceed any further (S107).
Lastly, using the detection unit 30, absorbance of the detection region 420 in the
analysis chamber 400 is determined. For analysis of end points, the absorbance is re-
peatedly measured at a defined distances to determine an absorbance during a saturated
reaction. Based on a relationship between absorbance and concentration stored in the
diagnostic DB 340, a concentration of each of substances to be analyzed is calculated.

[101] Although a few exemplary embodiments have been shown and described in con-
junction with accompanying drawings, it is clearly understood that the exemplary em-
bodiments have been proposed for illustrative purpose only and do not particularly
restrict the scope of the inventive concept. Accordingly, it will be appreciated by those
skilled in the art that various substitutions, variations and/or modifications may be
made in these exemplary embodiments, and such exemplary embodiments are not par-
ticularly restricted to particular configurations and/or arrangements described or il-

lustrated above.



a rotational body; at |east one mcro-fguidic structure conprising a
chanber, at |east one channel connected with the chanber, and at | east one
val ve forwol2esiicegeoand/ or openi ng the at | east one chann@CI/KRrdiizpod®ect i on
unit, wherein the chanber conprises a reaction chanber in which a

det ect abl e signal generator is conbined wth an analyte of a liquid
specinen to create a detectabl e sigpsl, generator-analyte conplex, and an
anal ysi s chanber | ocated downstreamfYtmthe reaction chanber, wherein the
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incl udes a test region SPECHAIEN AnCHens aclefsctable Higned aeneraior pnadye camales, awnt r ol

regi on which is |ocat e%n@lmg@is rcBaNb&T ot dRedstrédm Wom the reaction chamber,
2011/093602PCT/ KR2011/ 0\91(1)ejr'gin the analysis chamber comprises a detection region where a
capture binder is combined with the detectable signal generator-analyte
complex,
wherein the detection region includes one of porous membranes, micro-
pore structures and micro-pillars.

[Claim 2] The centrifugal micro-fluidic device according to claim 1, wherein the
analysis chamber further comprises a holder which carries a fluid
provided from the reaction chamber.

[Claim 3] The centrifugal micro-fluidic device according to claim 2, wherein the
detection region contacts one end of the holder.

[Claim 4] The centrifugal micro-fluidic device according to claim 2, wherein the
detection region comprises a test region to which the capture binder is
fixed, and a control region which is located downstream of the test
region relative to a direction of capillary action and separated from the
test region by a distance.

[Claim 5] The centrifugal micro-fluidic device according to claim 4, wherein a
section of the detection region including the test region and the control
region is inclined in the direction of capillary action.

[Claim 6] The centrifugal micro-fluidic device according to claim 1, wherein the
chamber further comprise a stoppage chamber to receive the liquid
specimen from the analysis chamber, and
wherein the stoppage chamber is located downstream of the analysis
chamber relative to a direction of centrifugal force.

[Claim 7] The centrifugal micro-fluidic device according to claim 1, wherein the
detectable signal generator is composed of an analyte specific binding
member and a detectable signal generating member.

[Claim 8] The centrifugal micro-fluidic device according to claim 1, wherein the

detectable signal generator in the reaction chamber is contained in a



region relative to a direction of capibhary action and separated fromthe
test region by a distance. The centrifugal mcro-fluidic device according
to cl ai mwe,2ones@2n a section of the detection regi on PAEIKREONIgODIR t est
region and the control region is inclined in the direction of capillary
action. The centrifugal mcro-fluidic device according to claim13, wherein
t he chanber further coﬂpmhﬁ@&hﬁﬁ&bﬁ@page chanber to receive the quuid
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speci fi ¢ binding nmenber an ener at
centrifugal mcro-flui d?aéare@nﬁ%@rr%é@kdmﬁ@nﬁ@ C@nfamwgﬂant%@néﬂﬁ chplate,

detect abl e si gnal gener;ﬁﬂﬁﬁeﬂ&nﬁl@fﬁaﬁm&%nu'}adlbﬁ:u"v@@s%&dpéﬁl chanber in a
I|qU|d dried solid sﬁgte The centr gg m cro-f.luidic device according
to clailff® 10herein th %p@cr&%ﬁ ¥ %ﬁﬁlﬁﬁﬁ‘é‘i‘)&i ing to dlaim, Ly whereindhg

pol ynmeri c beads, netal deedction dsit detaatymassﬁ;bsuhe d&eallble@%helrgeabmtorlum nous

materi al s, super parang n L nt.ai ni ng | ant hanum
(rer) chel ate, pol erEI’Iagl aen%om@%’? elzle%n d"agﬁlr%lgl\?ggl sot opes. The

cent ri fllkan Il cr o- f I ui dThe aetrifes aucm?rﬂuldlg dﬁ@lce edonding fo gl é; whereig the
detection unit detects &'Elééué&ﬁﬁ‘ﬂféo&‘[}ﬁseg%tl f ahk& ﬁingd?ﬁ'al%@%c@fvﬁl{% apal yte

conpl ex conbined with the capture nder ecentrl ugal™ mcro-fluidic
devi ce according to cl afh%liéhg%ﬁé‘fl@i the {ight ﬁ?@fcéd@it@ﬁdﬁﬁﬁetVeéB&%qf@%d fom ght

source unit and a |ightthé ﬁgﬁls%ul@guﬁnltﬁat?b@&s fhSouhitBO@ehyid dhabdber. | | ght

passos (EVBUGR the. anal o1 < Euilan SR A8 pedc e FOHREH bbby oo
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closin openi ng 't ast one channel; a detection unit,
a rotational body;

at least one micro-fluidic structure comprising a chamber, at least one
channel connected with the chamber, and at least one valve for closing
and/or opening the at least one channel; and

a detection unit,

wherein the chamber comprises a reaction chamber in which a de-
tectable signal generator is combined with an analyte of a liquid
specimen to create a detectable signal generator-analyte complex, and
an analysis chamber located downstream from the reaction chamber,
wherein the analysis chamber comprises a detection region where a
capture binder is combined with the detectable signal generator-analyte
complex,

wherein the detection region comprises one of porous membranes,
micro-pore structures and micro-pillars.

[Claim 14] The centrifugal micro-fluidic device according to claim 13, wherein the
analysis chamber further comprises a holder which carries a fluid
provided from the reaction chamber.

[Claim 15] The centrifugal micro-fluidic device according to claim 14, wherein the
detection region contacts one end of the holder.

[Claim 16] The centrifugal micro-fluidic device according to claim 14, wherein the
detection region includes a test region to which the capture binder is

fixed, and a control region which is located downstream of the test



wherein the chanber conprises a reactiep chamber in which a detectable
signal generator is conbined with an analyte of a liquid specinen to create
a det ect WDeosi/ys@R gener at or-anal yte conpl ex, and an amramyR20811¢l0arRer

| ocat ed downstream fromthe reaction chanber, wherein the anal ysis chanber
conprise a detection region where a 22 W) 2011/093602PCT/ KR2011/ 000192
capture binder is conbimgidnwlhiive e dietest atdapilBigiaiongadesmined aoml thé e
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bi nder is fixed, and a spe¢itienlfronethe@nalwkis charmiser] @clat ed downstream of the

test region relative taq Lrection of. capillar i nd r d from
the test rogion by a o eRatRdRE kBNl e e B AR SRERLAR
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P Y ' detectable signal generator is composed of an analyte specific binding

member and a detectable signal generating member.

[Claim 20] The centrifugal micro-fluidic device according to claim 13, wherein the
detectable signal generator is contained in the reaction chamber in a
liquid or dried solid state.

[Claim 21] The centrifugal micro-fluidic device according to claim 13, wherein the
detectable signal generator is selected from polymeric beads, metal
colloids, enzymes, fluorescent materials, luminous materials, super
paramagnetic materials, materials containing lanthanum (III) chelate,
polymeric nano-particles and radioactive isotopes.

[Claim 22] The centrifugal micro-fluidic device according to claim 13, wherein the
detection unit detects and assays the detectable signal generator-analyte
complex combined with the capture binder.

[Claim 23] The centrifugal micro-fluidic device according to claim 13, wherein the
detection unit comprises a light source unit and a light receiving unit
that is aligned with the light source unit and receives light emitted from
the light source unit that passes through the analysis chamber.

[Claim 24] A centrifugal micro-fluidic device comprising:
at least one micro-fluidic structure comprising a chamber, at least one
channel connected with the chamber, and at least one valve for closing
and/or opening the at least one channel; and
a detection unit,
wherein the chamber comprises a reaction chamber in which a de-
tectable signal generator is combined with an analyte of a liquid
specimen to create a detectable signal generator-analyte complex, and
an analysis chamber located downstream from the reaction chamber,

wherein the analysis chamber comprise a detection region where a



The centrifugal mcro-fluidic device aggording to claim24, wherein the
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region relative to a direction of capillary action and separated from the
test region by a distance.

[Claim 28] The centrifugal micro-fluidic device according to claim 27, wherein a
section of the detection region including the test region and the control
region is inclined in the direction of capillary action.

[Claim 29] The centrifugal micro-fluidic device according to claim 24, wherein the
detectable signal generator is composed of an analyte specific binding
member and a detectable signal generating member.

[Claim 30] The centrifugal micro-fluidic device according to claim 24, wherein the
detectable signal generator is contained in the reaction chamber in a
liquid or dried solid state.

[Claim 31] The centrifugal micro-fluidic device according to claim 24, wherein the
detectable signal generator is selected from polymeric beads, metal
colloids, enzymes, fluorescent materials, luminous materials, super
paramagnetic materials, materials containing lanthanum (III) chelate,
polymeric nano-particles and radioactive isotopes.

[Claim 32] The centrifugal micro-fluidic device according to claim 24, wherein the
detection unit detects and assays the detectable signal generator-analyte
complex combined with the capture binder.

[Claim 33] The centrifugal micro-fluidic device according to claim 24, wherein the
detection unit includes a light source and a light receiving unit that is
aligned with the light source unit and receives light emitted from the
light source unit that passes through the analysis chamber.

[Claim 34] A method of analyzing an analyte in a liquid specimen, the method



transporting the detectable signal genggator-analyte conplex into an

anal ysis chanber of the mcro-fluidic structure, wherein the analysis
chanber iwWOl0taMa@2downstream of the reacti on chanber amdTa®ERpri®ew2a
detection region to which a capture binder is fixed, and the detection
regi on conprises porous menbranes, mcro-pore structures or mcro-pillars;
novi ng the detectable Sdo@[paisn@merator-anal yte conplex by capillary force
to an end of the anal y3|s c hapb t he

gener at or - anal yt e ComplBECiiE i PR B e iflo w s G Sgﬁuu%uée%ﬁ"an&gwn the

anal ysi s chanber; appl yilmdicclenice;i fugal force to the micro-fluidic device to

deliver the supernat ant ngp.,\fgé %%etlﬁﬁf@%cﬂﬁerﬁta%g%ﬁéé’l?ﬂe?na?%@nber t o anot her

end of the analysis cha neous Ini'n e detectable
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in the anal ysis chanberfjyj@dudahRGhwHch i‘@et%&tﬂ@%@ﬁﬁl%eﬁéﬁfb@ﬁs contained,
generat or-anal yte conpl ex .canbi ned vm th f}he ca ture ai m_35] The

met hod according to cl SOMUNE HaAnalyie Ndherhast aE?FlthIH tg%getfféég atightl from
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claim 34, wherein the asrlllg]e?/{snll‘%eﬁg#g% ﬁulfi{cgteﬁgF R ggn‘[ﬂﬁ at "3 hol der to
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one end of the holder. [hg aim 3 he met hod according to claim 34, wherein

the at |east one nicro-¢ mbmlﬁéoc@ferd@@wylﬁ@e%@fWé#eaéa%ﬁh%@%eran%t:@pwé

chamber to receive the adetection region to which a capture binder is fixed, and the detection
region comprises porous membranes, micro-pore structures or micro-
pillars;
moving the detectable signal generator-analyte complex by capillary
force to an end of the analysis chamber;
combining the detectable signal generator-analyte complex in the su-
pernatant with the capture binder in the analysis chamber;
applying centrifugal force to the micro-fluidic device to deliver the su-
pernatant moved to the end of the analysis chamber to another end of
the analysis chamber and simultaneously combining the detectable
signal generator-analyte complex in the supernatant with the capture
binder in the analysis chamber; and
detecting the detectable signal generator-analyte complex combined
with the capture binder.

[Claim 35] The method according to claim 34, wherein movement of the su-
pernatant from the end of the analysis chamber to the other end of the
analysis chamber is repeatedly executed at least two times.

[Claim 36] The method according to claim 34, wherein the analysis chamber
further comprises a holder to receive the liquid specimen provided from
the reaction chamber.

[Claim 37] The method according to claim 34, wherein the detection region
contacts one end of the holder.

[Claim 38] The method according to claim 34, wherein the at least one micro-
fluidic structure further comprises a stoppage chamber to receive the
liquid specimen from the analysis chamber, and

wherein the stoppage chamber is located downstream of the analysis



| iquid specinmen fromthe anal ysis chanpgr, and wherein the stoppage chanber
is | ocated downstream of the analysis 24 WO 2011/ 093602PCT/ KR2011/ 000192
chanber rwDavive3d¢e a direction of centrifugal force. [@CaikR288)0Dh®2rret hod
according to claim34, wherein the detectable signal generator in the
reaction chanmber is contained in a liquid or dried solid state. [Claim
40] The met hod accor di nghambet @labive o a Whestioh pf tharitlgheotabl e si gnal
gener atar . i el ected fr,ompolynmeric b ags t al cok{%(;' gs nz S,
I uor odE Wk er i al s, 1UmRBNL SSrardpy §rOfm Gl ofherf Mgl T | a s,
mat eri al s cont ai ni ng | agenbatunmm thelrédctiohehanlesr ipodnyareed in anlaped padriddcdobd and
radi oacti ve i sotopes. [sgtﬁi m 41] The net hod according to claim34, further
conprising transporting the |liquid specinen fromthe anal ysis chanber to
the st dppageOthanber solhesmetBodpesprding wadeinbit bdeiie hetdsiccibleedenbl e si gnal
gener ator - anal yte conplgxedns i J&c&@%é&ﬁ?o%ﬂéﬂi@%e%ﬁ Rictul 684, eRGrhdie
det ect abl e si gnal generf?tor-anal 2}/te C(fnl% ex conbj Ped Wi th the capture
bi nder . uorescent mdterials, lurhinous materials, super paramagnetic
materials, materials containing lanthanum (III) chelate, polymeric
nano-particles and radioactive isotopes.
[Claim 41] The method according to claim 34, further comprising transporting the
liquid specimen from the analysis chamber to the stoppage chamber so
as to stop a reaction between the detectable signal generator-analyte
complex and the capture binder before detecting the detectable signal

generator-analyte complex combined with the capture binder.



