THI N- FI LM LAYERED CENTRI FUGE DEVI CE AND ANALYSI S METHOD USI NG THE SAME
BACKGROUND 1. Hel d 5Enbodi nents of the present invention relate to a thin
filmlayered centrifuge device and an anal ysis nmethod using the sanme. Mre
specifically, enbodinments of the present invention relate to a thin film

| ayered centrifuge device wherein a thin-filmrotatable body is integrated
with an apparatus to diagnose and detect a small anmount of materials
present in fluids, such as a | ab-on-a-chip, a protein chip and a 10 DNA
chip, and an analysis nethod using the sane. 2. Description of the Rel ated

Art i R . :
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smal | ytes in nmul tiple sanpl e arrangement and
aut omat ed sanpl e feed devi ces, BSINGalVHEELSAMEUcCt ure in which an apparat us
to analyze a large 15 nunber of test sanples in series or parallel is
integrated on a rotatable thin filmbody to inprove analysis efficiency and

economg 8@4}6[\@ For exanple, rotatable bio discs are one type of such
anal yz é n-filmanalyzers for clinical tests enable various types

of analysis to be perfornmed accurately and automatically at a | ow cost,
based on the CEmtl”fugal force generated by rotation of the bio disc, with
a 20 small aho of sanples and speci nens. Considering thin filmtype CDs
and DVDs, standard conpact discs can be forned froma 12cm pol ycarbonate

subsgtrate, refdpeédirrent®bthd enthdention elaes io/g thiayin lageredngntrifbge
format of CDs, DVD and CD- may be in accordance wth
device and an analysis method usmg the same. More specifically, embodiments of
the present invention relate to a thin film layered centrifuge device wherein a thin-film
rotatable body is integrated with an apparatus to diagnose and detect a small
amount of materials present in fluids, such as a lab-on-a-chip, a protein chip and a

10  DNA chip, and an analysis method using the same.
2. Description of the Related Art

General clinical diagnosis and analysis apparatuses to detect a small
amount of analytes in fluids include multiple sample arrangement and automated
sample feed devices, and have a structure in which an apparatus to analyze a large

15  number of test samples in series or parallel is integrated on a rotatable thin film body
to improve analysis efficiency and economic efficiency. For example, rotatable bio
discs are one type of such analyzers. Such thin-film analyzers for clinical tests
enable various types of analysis to be performed accurately and automatically at a
low cost, based on the centrifugal force generated by rotation of the bio disc, with a

20 small amount of samples and specimens.

Considering thin film-type CDs and DVDs, standard compact discs can be
formed from a 12 cm polycarbonate substrate, reflective metal layer and a protective
layer coating. The format of CDs, DVD and CD-ROMs may be in accordance with
ISO 9660 industrial standard. The polycarbonate substrate is made of optical-quality

25 transparent polycarbonate. A data layer in standard printed or bulk-copied CDs is a
part of the polycarbonate substrate and the data is printed by a stamper in the form

of a series of pits during injection molding. Polycarbonate molten during the injection



| SO 9660 i ndustrial standard. The pol ycarbonate substrate is nade of
optical-quality 25 transparent polycarbonate. A data |ayer in standard
printed or bul k-copied CDs is a part of the polycarbonate substrate and the
data is printed by a stanmper in the formof a series of pits during
injection nolding. Polycarbonate nolten during the injection nolding
process is injected into a nold at a high pressure and is then cooled to
obtai n pol ycarbonate in the formof the nold, the stanmper or a mrror-inage
thereof, and pits showi ng binary data on the disc substrate are formed on
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cent ri mageatialom flbidsas refepeditters Bivalisxtracted from sanpl es, a val ve, which
does not | eak during centrifugation, is required. Conventional valves to
realize cl oseé(g?ﬁen operations based on physical novenent performthe
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volume of liquid-phase biological and chemical materials required for chemical

15  processes. The biological and chemical processes include preparing specimens
from samples, centrifugation, DNA amplification, hybridization, antigen-antibody
reactions, mixing, washing and the like. The biological and chemical processes may
be sequentially automatically performed on the bio disc, which is known in the art.
However, there is a need to solve the following problems associated with bio discs in

20 order to make practical application possible.

For the process of centrifugation wherein specimens are extracted from
samples, a valve, which does not leak during centrifugation, is required.
Conventional valves to realize close/open operations based on physical movement
perform the operations in such a manner that a ball or closing portion comes into

25  contact with a hole or a channel, or the ball or closing portion is separated therefrom,
which are known in the art. However, these valves inevitably allow opening based
on physical movement, thus entailing incomplete closing. Accordingly, inherent
hydraulic pressure of fluids may cause leakage during centrifugation. This leakage
prevents extraction of desired amounts of specimens from samples by centrifugation,

30 thus causing deterioration in assay reliability and accuracy. Accordingly, there is a



25 contact with a hole or a channel, or the ball or closing portion is
separated therefrom which are known in the art. However, these valves

i nevitably all ow openi ng based on physi cal novenent, thus entailing

i nconpl ete closing. Accordingly, inherent hydraulic pressure of fluids may
cause | eakage during centrifugation. This | eakage prevents extraction of
desired anounts of specinens from sanples by centrifugation, 30thus causing
deterioration in assay reliability and accuracy. Accordingly, there is a
need for a centrifuge device that does not |eak during rapid rotation.
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amount of materials present in fluids, such as a | ab-on-a-chip, a protein
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provide a thin filmcentrifuge device in which bio chips, such as a
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speci men chanber to store a_ specinen obtained fromthe sanple during
cent ri filuid@reintegratedmianpraviging & thin film body with a centrifuge device causing no

10 leakage, when specimens are extracted from samples by centrifugation, and an

analysis method using the same.

Additional aspects of the invention will be set forth in part in the description
which follows and, in part, will be obvious from the description, or may be learned by

practice of the invention.

15 In accordance with one aspect of the present invention, provided is a thin
film centrifuge device including: a sample inlet to inject a sample; a sample chamber
to store the sample injected into the sample inlet; a specimen chamber to store a
specimen obtained from the sample during centrifugation; a remnant chamber to
store a remnant rather than specimens produced during centrifugation; a bottle neck
20 channel to connect the specimen chamber to the remnant chamber; one or more
assay sites in which a capture probe to be bound to the specimen is immobilized
and/or reagent for biochemical reactions with the specimen is stored; a trash
chamber to collect debris not bound to the capture probe by a cleaning process; a
rotatable hydrophobic body in which the sample inlet, the sample chamber, the
25 specimen chamber, the remnant chamber, the trash chamber, the bottle neck
channel and the assay site are integrated; one or more fluid flow devices to transfer
the specimen from the specimen chamber to the assay site upon non-rotation of the

body, the fluid flow devices selected from the group consisting of a hydrophilic fluid



store a remant rather than specinmens produced during centrifugation; a
bottl e neck 20 channel to connect the specinen chanber to the remant
chanber; one or nore assay sites in which a capture probe to be bound to
the specinmen is immobilized and/ or reagent for biochem cal reactions with
the specinmen is stored; a trash chanber to collect debris not bound to the
capture probe by a cleaning process; a rotatable hydrophobic body in which
the sanple inlet, the sanple chanber, the 25 speci nen chanber, the remant
chanber, the trash chanber, the bottle neck channel and the assay site are
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t he speci men chanmber to the ‘assa dy, the
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allowi ng the specinen retained in the speci men chanber during

cen®ri Hgyigei RPNt ROIT-raigliarot the katyay site by the fluid flow 5devi ce upon
non-rotation of the body.

The liquid valve has a U- or V-shape to provide a hydrophilic channel to
connect the specimen chamber to the assay site, when the body creases rotation,
and at the same time to prevent transfer of the fluid in the specimen chamber to the
assay site when the body rotates. The surface of the liquid valve is treated with a

10 super-hydrophilic material and the fluid trapped in the specimen chamber when the
body rotates can be transferred to the assay site via hydrophilic fluid flow by the
liquid valve when the body ceases rotation. In one embodiment, by using the
channel having a superhydrophilic-coated U- or V-shape channel as the liquid valve,
all the specimens in the specimen chamber can hydrophilic-flow to the assay site,

15 when the body ceases rotation.

In one embodiment, volume of the total specimen in the specimen chamber,
required for quantitative analysis can be determined. Accordingly, the embodiment
comprises transfer of the total specimen from the specimen chamber to the assay
site. However, the specimen present in the specimen chamber, having a viscosity

20 comparable to blood serum may be partially transferred through the U- or V-shaped
channel to the assay site due to inherent viscosity. That is, when the body ceases
rotation, through the U- or V-shaped hydrophilic channel, only a part of the specimen
in the specimen chamber may be transferred to the assay site, thus making
quantitative analysis impossible. Accordingly, in one embodiment, in order to

25 transfer the total specimen from the specimen chamber to the assay site, when the
body ceases rotation, a fluid flow means may be provided to the specimen in the
specimen chamber.

In one embodiment, the specimen in the specimen chamber can be entirely
transferred to the assay site using the following four fluid flow means.



The liquid valve has a U- or V-shape to provide a hydrophilic channel to
connect the specinen chanber to the assay site, when the body creases
rotation, and at the sanme time to prevent transfer of the fluid in the
speci nen chanber to the assay site when the body rotates. The surface of
the liquid valve is treated with a 10 super-hydrophilic material and the
fluid trapped in the speci nen chanber when the body rotates can be
transferred to the assay site via hydrophilic fluid flow by the liquid
val ve when the body ceases rotation. In one enbodi nent, by using the
channel havi ”%i%tﬁ!\%%%n‘?%ﬁbh‘lb‘é‘r% IeA Wﬁileofhe\ﬁid;ﬁﬁﬁa@@%?@ﬂurﬁéd,té?ﬂ
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and the Sanme tine, genera
pr essur gsntifigyal fdreebody creases rotation. The fluid pressure specinen

chanber may generate fluid-driving force to transfer the total specinen
fromthe specijyen, chanher to the assay site. Hereinafter, fluid fl means
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20 rotates, conpression of erythrocyte in the remant chanber nmay be
gener ataul atysorkent padga shomde.pad, or a super-hydrophilic chamber between the
25 terminal of the liquid valve and an inlet of the assay site continuously generates fluid-
driving force to transfer the total specimen from the specimen chamber to the assay
site or super-hydrophilic chamber. Hereinafter, a fluid flow means using fluid-driving
force based on absorption force of the absorbent pad or the sample pad or
hydrophilic absorption force of the super-hydrophilic chamber is referred to as an

30 absorption pump.



Third, an absorption force to absorb the specinen having reached the
termnal of the liquid valve through the U or V-shaped hydrophilic channel
i ncl udi ng an absorbent pad, a sanple pad, or a super-hydrophilic chamnber
between the 25 terminal of the Iiquid valve and an inlet of the assay site
continuously generates fluid-driving force to transfer the total specinen
fromthe specinen chanber to the assay site or super-hydrophilic chanber.
Hereinafter, a fluid fl ow neans using fluid-driving force based on
absorption force of the absorbent pad or the sanpl e pad or hydrophilic
absorption forggrRf bl N&atinBefhehydr i @ﬁ%ﬁ{ n 30
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| n1addassaynsitd.he speci men incl udes substances obtained froma sanple by
centrifugation, for exanple, blood serum or pl asma obt ai ned from bl ood.
251 n exenpl ar'é enbodi nents, the term "bl ood serum’ used herein is intended

to include th® BNSo®BRAIMeENSI dBermchambee keBY: dbe erythrocyte pump, the
absorption pump and fluid flow means via hydrophilic fluid flow may further utilize

fluid-driving force based on capillary force obtained from the U- or V-shaped channel.

In one embodiment, the sample chamber may be coated with a super-
20  hydrophilic material. In one embodiment, the super-hydrophilic coating includes
hydrophilic coating.

In one embodiment, the sample includes various biomaterials, for example,
blood. In addition, the specimen includes substances obtained from a sample by
centrifugation, for example, blood serum or plasma obtained from blood.

25 In exemplary embodiments, the term “blood serum” used herein is intended
to include the blood serum, plasma and leukocytes.

In one embodiment, the remnant chamber may be a capillary tube chamber.



When bl ood is centrifuged, it is separated into blood serum blood clotting
factors, plasma and erythrocytes. The blood dotting factors may be nostly
eryt hrocyte. Accordingly, when bl ood of the sanple chanber is stored, and

t he speci nen chanber and the remmant chanber are centrifuged, bl ood serum
is left in 5 the specimen chanber and erythrocyte is left in the remant
chanber. In this case, when the rotation is ceased after centrifugation
erythrocyte nay be adm xed with bl ood serum again. That is, rotation of the
body shoul d be stopped in order to extract only bl ood serum after
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DNA, proteins, S or receptors.
admixed with blood serum and is thus left in the remnant chamber although the body
ceases rotation. The height of the capillary tube chamber may be, for example,

0.1mm to 0.6 mm.

In one embodiment, the body may further comprise a cleaning chamber to

20 store a cleaning solution required for cleaning.

In one embodiment, the body may further comprise a mixing chamber to
mix the two fluids.

In one embodiment, the body may further comprise a buffer chamber to

store a dilution buffer to dilute the specimen or a label to be linked to a target

25 material in the specimen. The label may have antibody- or DNA-linked chromatic
particles such as gold or gold conjugates, latex or fluorescent labels, radioisotopes,
enzymes, or enzyme-linked antibody labels. The enzyme may render color using a

substrate solution reacted with an enzyme.

In one embodiment, the body may further comprise a substrate chamber to



In one enbodinent, the thin filmcentrifuge device may further conprise a 5
thin filmcylindrical magnet to perform azinmuthal direction search of the
assay site in the body. Instead of the thin filmcylindrical mgnet,
thin-filmferromagnetic netal particles may be used. The thin film
cylindrical magnet or thin filmferromagnetic nmetal particles nmay have a
dianeter of 1 nmmto 5nm and a thickness of 0.1lmmto 1mm 10l n one

enbodi ment, the bottle neck channel nay be conposed of two thin

hannel s. The bottl e neck channel provides a passage to transfer the remant
from t BRyre pes suBSra8 aBRRIontRatiRd Wit énAfpseroer, or to transfer the
centrifuged analyte fromthe remant chanber to the specinen chanber, while
the sanple |n the speci men chanber and the sanple in the remant chanber
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That is en..t he bod sto Lon api |l ar ion of botitl e
neck cm%ﬁjivYh a@%‘ﬁﬁd@@é gyet @"amﬁ%ﬁr Pf ﬂrﬂ‘a}]g’nﬁ@lm Qﬁ% %@EE'FR?:?S ‘Pft‘gﬁmfatt% n the
remantnfphanber nake it inpossible to freely transfer the fluids fromthe
remmant chanber to the specinen chanber. In addition, after the total

specinen is d| scharged fromthe s Bem men chanber thr ough the liquid valve
vi ¥ hydr ophi | incone gimbodinant, tﬂh@ bpltlg aeck ahameel raan St carnpessst otibvahin

”a”Sfﬁfmtcﬂ hh&s! "ﬂ'i@dgottllf_ r{e‘?g%\ﬂ&é@ac Iabart t?éﬂslfﬂ f Ote%rPOttle

neck chander to fIu ng capirlTary¥action o e neck
channefrotrotid gpetsimien @ltambai te:nthet mmﬂikmtfcﬂfamb@f ohyoltepiafdri thefdantﬂfubbdw to

i nduce tra s&erat}é t he Ilng d vaI v reventing further transfer of fluids
to t heahPli Hopdhgsemnant dhamberiq i n@m%mtzqaewnw@pmmp@ RNl
MRy DeshéqeRl cHaRbBHIARE harhpiAl ritan® AR, BRE Ghd@lendiinggoat ed
with a water-based paint or a super-hy rop |c pal nt . n one

enbodi nenirifugddeby bentrrfungahfometgerfangteddw/ratatlomgf ther body. Thatpis] te botdpi ndl e
t t te t fil trif

nccor dTG E6aBe BRUGEP HERc PaRAIS oWy the,ABRUES Ge BT AR AEPe 2iedey

m)unt eduffg %eﬁlrlfd@étlcﬂﬂ% @est'rér(i’éfeﬁﬁa Gforh @he %}fécﬁheﬁ@h%ﬁﬂi@r taf theNRni¢Amv

enabl i ng sggce addr essi ng of the chanbers. | aser beam generator and a
per nen€R@MABGnet are nounted on the BOPM and coordi nates of the BOPM nay
be noved or controlled by control of the slide notor. The | aser beam

In one embodiment, the remnant chamber has no outlet. That is, the

20 remnant chamber has no channel or outlet, to allow liquids to flow in or leak out,
except the bottle neck channel. The bottle neck channel is provided in a thin film
channel, preventing return of the remnant from the remnant chamber to the
specimen chamber when the body ceases rotation, and maintaining a predetermined
amount of the specimen in the specimen chamber. That is, when the body stops,

25  strong capillary action of the bottle neck channel composed of the thin film channel
and absence of outlet in the remnant chamber make it impossible to freely transfer

the fluids from the remnant chamber to the specimen chamber. In addition, after the

total specimen is discharged from the specimen chamber through the liquid valve via

hydrophilic fluid flow, the fluids in the remnant chamber do not transfer to the liquid



15 generator uses, for exanple, an optical pick-up device. The radial
direction search may be carried out by control of the slide notor. The

azi muthal direction search is carried out by rotating the body to sone
extent, while controlling short rotation of the spindle notor or the
stepper notor, when the slider is stopped. The stepper notor may be
connected or nounted to a gear on the shaft of the spindle notor for
20azi nmut hal direction rotation of the body. The thin filmcentrifuge device
may further conprise a tenperature-control nmeans to control reaction

te”’pera\}éﬁveegugt[ote gﬁ?ﬁgﬁ‘?@’ﬂﬁ / abiBnt GRS %HreEngamchahn@Wﬁumy TAEPI, Se at

| east one Ssel ec roup consisting of tenperature- measurenent
means, dieatg capilflegrsctiancfdosbotte necdnshaniied thdaidsrig eqeivadert3o doeforicsed a

| aser beam geperat o unted on the slider. .The coolin f
B O R e L e o
due to (gqydg:&r) iRl vhlbe surface of the chanmber and air during rotation
of the body. The tenperature neasurenent nmeans nay neasure the tenperature

of the correspondi ng chanber usi ng the tenperature sensor connected to the
wiréless RF IIC greoembeadiment,hibebbrgrophticnehannal sngy thedrkasted (e surface

tenmper ar%%f?ic%ﬁor% ﬁgin%ué %bgguscﬁ@téﬁél, 6P (%ét%ld \ﬁiﬂ\/iagﬁater-based paint or a super-
hydrophilic paint.

In one embodiment, the thin film centrifuge device may further comprise a

spindle motor to rotate the body.

10 The thin film centrifuge device according to one embodiment comprises a
bio pickup optical module (BOPM) mounted on a slider and a slide motor to control
movement of the BOPM, enabling space addressing of the chambers. A laser beam
generator and a permanent magnet are mounted on the BOPM, and coordinates of
the BOPM may be moved or controlled by control of the slide motor. The laser beam

15  generator uses, for example, an optical pick-up device. The radial direction search
may be carried out by control of the slide motor. The azimuthal direction search is
carried out by rotating the body to some extent, while controlling short rotation of the
spindle motor or the stepper motor, when the slider is stopped. The stepper motor
may be connected or mounted to a gear on the shaft of the spindle motor for

20 azimuthal direction rotation of the body.

The thin film centrifuge device may further comprise a temperature-control
means to control reaction temperatures of the chambers. The temperature-control
means may comprise at least one selected from the group consisting of temperature-
measurement means, heating means and cooling means. The heating means

25 comprises a laser beam generator mounted on the slider. The cooling means may
perform rotation-cooling using rotation of body. Heat emission efficiently occurs due
to contact between the surface of the chamber and air during rotation of the body.
The temperature measurement means may measure the temperature of the

corresponding chamber using the temperature sensor connected to the wireless RF



The body conprises a rotatable thin filmdisc, conposed of an upper base
material, an internedi ate base material and a | ower base material. For
exanple, the disc has a dianeter of 120 mm 80mm or 32mm a thi ckness of
0.6 mMfmto 3 nmand a circul ar shape. The flow of fluids may be
carried out by centrifugal force or capillary action generated by rotation
force of the body phenonenon, or using a super-hydrophiliccoated channel.
The body may be selected fromvarious materials such as plastics, glasses,
silicon wafers or hydrophobic materials. However, plastics are preferred,
OW n pP&R ;qﬁﬁﬁﬁﬁ h
convgnzclgonal @%nsﬁwergqyeﬁf@ﬁ&begg d det eg%ﬂoér{se}guegr %r&?wslidé é{%\\{yt)él

det ect 6eBiroMayicaubstrate i s conposed of at |east one selected fromthe
group consisting of silicon wafers. 15 pol ypropyl ene, pol yacyl ate,

pol yvi nyl al c I | ene t.hyl t hacryl ate VMA), cyc

ol efin copol ;}E@% ?@%[&#&%&R}%&%&Sﬁgpﬁllmr@sc&cﬁﬂ Wﬁ?d éﬁgn szpwr

coat edmatéhalabb Mt@brﬁbd@td)bét\!@ MatenaIRMPs Iderdbadd Miatéttal S FoF @8tahiplé, hﬁe
chanber bodé/ may be conposed of an upper base material, an

i nt’2r ndiscdias %Q@n%&f ef 1 & naﬁd8amna> 2mRa Hhigknasslof Orheys ted mm and may
be adhgr%% E?Sﬂﬁﬁ 20 anot her by an adhesi ve agent. The adhesive agent nmay
be prepareH % material selected from the group consisting of silicon,
rubbers, nodified silicon, acrylic, polyester and epoxy. The body
i s conposed oTh@ﬂowmm@@ﬁeawBé Qhidd @by BERKIFRSH 26Re cPTPér?rdcﬁbna”d a
| oner base material which are lamnated in this order and adhered to one
anot hegeaei@ted byHetatioonieress ek the bpey tbhenpmenonmoadising e superdytemhilidie
upper ﬁg@ | to the internedi ate base material, and a second thin
filn1a§ espggﬁﬁhbgdhere the intermediate base material to the | ower base
material. The thin fil madhesive tape may be a one-side tape or two-side

tap®. The ':1 apEhe bodphaaynieel slbbeceelui franevarl[cﬁzlstmaerﬂtﬁésmhhb?blastl;pdﬁglaﬁée% el eﬁse
papers_such a ers | polyester filns, polyethylene films and ot her
synt hefY! EOM%?F%BE Wfqphé’?é?"ég?ﬁ&téf'%? Howeyeg| El'?ﬁEﬁS ag%rmrefeﬁr@@oromm@ tpo
requi ré&@ﬁﬁrﬁrcaﬂdé\‘ﬁélbﬁ F&Ed<RhBil lf}xhéhdtb&ﬂnggﬁ ﬁ*ls/r t\n'llﬁf &iﬁ%@nﬂé %qu‘sréror

& S ea

seal ing, buffering, vi tlon re tron esl stance,
resi st e&ﬂa@tloa-tb@sedai&tegters suafarase CO-ROM exich DV detectans. Bheusebstrateeist hi n

fil h t 5 d thin fil t d f
L subotoEPRYeLdtbs, Bt e SeRcBR oM Bobtu GonSENes iafgd °”rb?v£a?f§?%eet ape
to1g hepéb]bﬁdﬂyﬁrﬁé PislydABN] PeIyRinyRlIEATSR, PaRethyidi, qfdmﬂbtrgd nthaE

di spenser spraying or silk screén &I‘I nting on one side t he su rate
That | &2MMA)oskClisn@lstin repelymers (O s)famdmamedaqratea;t@ adal;tlometla@@odu on
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magneti c m cro-beads contained in the m xi ng chanber; a slider novable in a

| ower part of Thérdodgdyay el campesednenan m@etbamumtae@ha)nahhﬁteﬂﬂedlﬁte to
apply sttractlon force to Fahe magneti c _m cr o- beads and thus nove the

magnet PES¢Matgral a lower aﬁetrﬁét%ngﬂeéerﬁ‘éﬁ%@[’ﬁeﬁw kg adhsrethieanen
acgpr déﬁ&ﬁe\“’b&@n‘%ﬁ‘éﬁ\ig a@int! MheShdiilivd 99 MAHES b8 propSred froh Whidteridl t he

m X1 ng chanber
selected from the group consisting of silicon, rubbers, modified silicon, acrylic,

polyester and epoxy.

The body is composed of an upper base material, an intermediate base

material and a lower base material which are laminated in this order and adhered to

25 one another and further comprises a first thin film adhesive to adhere the upper base
material to the intermediate base material, and a second thin film adhesive to adhere

the intermediate base material to the lower base material. The thin film adhesive

tape may be a one-side tape or two-side tape. The tape is obtained by surface-

treating one or both sides of release papers such as papers, vinyl polyester films,

10



I n anot her enbodi nent, the device may further conprise magnetic m cro-beads
contained in the mxing chanber; a slider novable in a | ower part of the
body, and a permanent nagnet nounted on the slider, to apply attraction
force to the 20 nmagnetic m cro-beads and thus nove the magnetic

m cro- beads, wherein the magnetic m cro-beads are noved in accordance with
novenment of the slider, by keeping the pernmanent magnet on the

correspondi ng di anmeter of the m xi ng chanber and rotating the body, to

i nduce mxing of liquids in the m xing chanber. In one

enbodl r r B
directi ongetthré@ﬁmIgIP r@wﬁ%‘éﬁ%}/ﬁﬂg\gy? mﬁségg%cﬁmgﬁ%gégﬁ{eh@? ang |ao% tsear ch
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may St Op?]&fdrﬁ?éiﬁiét &r EQRebATHRE Frly HEGEHONTING thiRCHIkCadResiP® taYS n@beane
on whic QIEture probe is fixed. The assay site nmay conprise a porous
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conpri sgspat tAefeTtsim W@"bﬂ‘rﬂn@ amisgdanzer, Wraylngtmﬁﬂarwﬂeémpnntlmgibh&rrm side
di sease | abel s fixed on the porous nenbrane as a test |ine, the por)gge)e

menbr ar@f Wheysuestiaiet hEhatdﬁmrbpns %mbpglm%nh 8 Hynifimeadesiye jarg M3
through,, thg c{?P{rféJguH&[H{{ﬂH% Sfoﬂ‘ﬁodlf'éj%naﬁlrrppﬁ gﬁé%ﬁﬁb %I(BI Ogg) R pad

and a conj ugate he o her term nal sor ent . e tunor
| abel QNltthﬂeﬁﬁyerdled:sd paper. be AFP, PSA, CEA, CA19-9, 10CAl 25, CA15-3 or
Al zhei mer markers, or nyocardi al infarction |abel . The assay site

f h be f I I
"The 11 xed on e CRUICB S oHchERahGOMTHise BRETeUR ‘BareoRePa: Katenpd dhe

refere be 8lidet! RlolvabR e a oWerS¥aRIfahet héu e Wi fa éﬂﬁ@rﬁérﬁtatlon
of theII?IEI"II gﬁggw?rng ?IIIay be 3ang| m @ 4 ner 10 (raI ¥ 20 ng/m, 30

ng/ m , magngl mountedsonibe r$¢1ﬂerl, to Ia@plseaﬁrm@ ien er@QI tpttgmm@glaﬁtmmprh%dﬁve

anaIyS|s n be real,ized based on t iffe

bt veerftd v far g e Fied Rt e RIGRERS BAdiBt AR BReasia¥
quagst i t o8 iRRRIcY FddhceaRitt® endheatesk thassidiepno tifdust friixing of diquitlsr igatbiei on
intensity between the background of the strip and the test |ine. For

exanpl emlarﬂ@phamhem or quantitative analysis can be realized by
determ ning reaction 20 intensity of test |lines usi ng the linear function

of reaction i npeqs {1¥r[=: HB%‘IInQII 4Re dﬁ\h’é@bﬁé}b’f her & b;ﬁ*ﬂ%gt 2 @8c micro-

Qualitative or quan |ta Ive ana 'ysi's can rea|ze m ni ng
react i opeady emstainedoih theshixingnelsamben@ shdermwab‘lelmallmveopawt@d(tlue bndy,

i nt ty f d by th f I d.th t r ol . dh d
compr | S8 aipPEBgEnadnal qMRwH G BN BASIET S SRAL LIS GEN, Gy 18, YeL
SLOJP apf héﬁc@smlérotﬂ%dés% ?ﬁ\{se A6V CtheOhddpett! midBbhaRId, OvRbRSH Speal

privacy e cryp ion m centrifuge device nmay further conprise a
det ect omagoetletmm:ro-tbleedswet mwedeguaceordancenavlﬁsw%merd ofTthe ghderctdr may

be a spectrone i ncl udi a I| urce nd. a.pho e
addi ti ofEeRIAG @@{W"EHI)Q'BQQ% 8 M é%ﬁ%ﬁé aIz)Es{IIe uéllgng an
i1 um n&ﬁ&hbéf‘ﬁné"ﬁot’aﬂﬁ@%éBaéﬁrto(lﬁdlﬁce mixing of liquids in the mixing chamber.

In one embodiment, the mixing operation may be performed prior to radial
25 direction search, or radial direction search and azimuthal direction search of the

mixing chamber to perform the mixing operation.

In one embodiment, the specimen chamber may further comprise a set-

amount channel connected to the remnant chamber, to transfer excess fluid.

The assay site may store reagents for biochemical reaction or include a

11



30 exanple, CCD, CMOS, or CI S sensors). Alternatively, the detector may be
a photonetric neasurenent apparatus conprising a | aser beam apparatus and
a phot odet ect or. The thin filmlayered centrifuge device and an
anal ysis method using the sanme according to one enbodi nent may be applied
to thin-filmdevices to diagnose and detect a small amount of bi ol ogi cal
and/or chem cal materials in fluids such as a | ab-on-a-chip, protein chips
and DNA chi ps. For exanple, the thin filmcentrifuge device nay be
integrated in thin filmdiscs such as conventional CD-ROVs or DVDs.

The t hpBrdud mehyahée dneaiith bf dapRurderope i@%@wwakxi%git@%%mahwat he

sanme according to one enbodi nent nay be applied to | ab-on-a- ps utilizing
ELI SAl GRI®)s meaIbfane; ansapbie prokebfived andhe porows Membrgneapiaapterst probehods;

t hig-fi ' to di t ect. |l t of Dbi i cal
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poi sonbngr captare @rétees fived dragfAsicrot BsregdUat hariskhy GiteCcAHRpAYSs ar Sslotyal
pesti ci de assays, %enetl cally nmodified food tests, food allergy tests,

cont anff4RRragesayd Tipe- pasePhEhgPed&isor ararkatsaer ﬂiﬁ@@§edﬁbel§rﬁi>@d10l15heg?i on
or 11 uPp s ShitiBhe BESHag fife SRERIOIGSS R aBl Hiad BRGHIE frbl gt SR °°

car Ibarmtlmingsladﬂriatiﬂdgs ]f)r flow throug:‘\._ Ofiheqi)fﬂod:s(rjmet‘nbééNrAl?@ igi\ﬁﬁm“ld_@di aﬂdoﬁéy be
ecopt BYENSIVID o PRI EHICE 8, OB teLPRshoat 206 Sihey deTHERt &yineap
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sanpl es, food sanples, ora , tlssue sanp senen, proterns or other
bi thrat 6#4125s CA15-3 or Alzheirgpomankérscommyagardidiénfahstionflabeh cent ri f uge devi ce
may perform | eukocyte, blood, protein, nitrite, pH, specific gravity,

gl ucose, ket rhic_acid,, 25 urohilinogen and bilirubip assays.

Hai r assays g@g%raggﬁ??ﬂﬁg’ﬁgkﬁrfﬁﬁﬂ?%%‘%mf’@a? g 8%@#59 SFORf{ ﬂﬁﬁf]erﬁﬂﬁe %{'Bﬁi c
subst aanés ¢onthaldinadixednst tHespaetiHembeshd. N"TREGBEcIn BEhCENARIDAYS thEli 1
assays accurately detect oversupply and |lack of inorganic materials for a

| ong t I9tBredss [fieomayebe aseulpliavaiue.o Resexample, thepauofiogonasxiratine afytheet al s,

whi ch | o ' th
pr esenSieteaneTnabe #hbim, 4 ngthll 87 QA" 20T, PR RAR bro0 "
ceti ri hgel. derie@mpie] qulilitativesorsquanitieativiel #ialysis icah &l realizedrbbheed antpap! e
chanber, .t o store the sapple . injected into the sanple inlet; a specinen
chanbefifEEeRGe s g P@cﬁ%??'tdbé’%‘i“f?@ﬂ' theoreferRncealing @nduienéetdinte: | f@gat i on;

ar em@%mﬁt@mﬁﬁtaﬁi% %erft%nﬁLeﬁigﬁTﬁéqexsri@EQﬁrbet r@%ﬁzf(ﬁﬁﬁ%@%ﬁ tﬂé%ﬁ&%ﬂggur i ng

centrifugation; a bottle nec t 0o connect e specl men cha to
t he r elimagactionaimbansityabeteseess thec bankgnound oft three stipcasd theetastdimeexdeedi ng a

predet 8&5@18%? q%gﬁf‘a'\%e %fr (fug%tfaﬂi%giarﬁ%rllys?sh %QR %re; re%rl}geé) IE)yrH)ertgrn{jn‘i%lsn{i};yreaction
20 intensity of test lines using the linear function of reaction intensity formed by the
plurality of reference lines. Qualitative or quantitative analysis can be realized by
determining reaction intensity of test lines using a linear function of reaction intensity

formed by the reference line and the control line.

The body may comprise a wireless RF IC to measure temperature, detect

25 assay sites, store and transmit the assay site detection results and perform personal
privacy encryption. The thin film centrifuge device may further comprise a detector

to detect the reaction results of the assay site. The detector may be a spectrometer
including a light source and a photo-detector. In addition, the detector may be an
optical measurement apparatus including an illuminator and an image sensor (for

30 example, CCD, CMOS, or CIS sensors). Alternatively, the detector may be a
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10 sites in which a capture probe to be bound to the specinen is

i mmobi |i zed and/ or reagent for biochem cal reactions with the specinen is
stored; a liquid valve coated with a super-hydrophilic material, the liquid
val ve forned on a passage to connect the speci nen chanber to the assay
sites; a trash chanber to collect debris not bound to the capture probe by
a cl eaning process; and a rotatable hydrophobic body 15 in which the sanple
inlet, the sanpl e chanber, the specinen chanber, the excess chanber, the
trash chanber, the bottle neck channel and the assay sites are integrated;
the methodoatid thassurb et L gtaratsaBBPrisigC at RReF BBUR ShTaRIs BREOHIN
the sa e inlet; transferri the sanple fiomthe sanple chanber to the
speci ngsghatbdetieetorand t he remant chanber based on centrifugal force
generated 20 by rotation of the body and noving the residual sanple to the

br edet er m ned 11 1 a SRR LSt BRAE, 4L 3D, AU s RAGE U oo ¢ e
speci meghrRd ATeEFdind t bhe drabdGittert heaPBe dpptied tenheellin dévged td dragmose
generated by rotation of the body, and at the sanme tine, .transferring the

r emdantanst detest ajsmalhamopet phbieledicatand/enehrrgicap Matedalp i fIHids Bk ahannel

to the ant . : { fr t : gh
the botPPO reaterasan Fipt RReCERA SHbe, 1R EmpREaE i AR irhOE
speci nedevied migyask intedrated pethimtim disasisach tdsranykntidrall CORAMsadn@VDe. t he
assay site when the body ceases rotation; and binding the speci nen present

in the assay te to the capture probe present in the assay, site, or
bi ocheni cal | ysll:ﬂ?r g’ﬁ@tflt]'ﬁglaﬂ’ﬁ&‘gﬁﬁ_%“ ﬂﬁf"ﬁeaa'?%éﬁeﬂ@ﬁ)’ﬂsprﬂéthé’gs ?T‘gitpg,
The analafb Sadtdd 'E@‘yorfjé‘(rjérﬁlﬁ‘édih{é?h %axagé'aspnéae t6! 188 E-cHiitiFing O
cl ean the assay sife, a rying and dehydrating the assay site. _
Thel OandEISAICik A aahalpsis mathods, laheiniaehipseutiizimg rapiddestmedhedss girdbined

eacti it S6uREs 18 GRoRsS AndigSter o Shplf Sintadhy S BRGAIRA LT e RABMIEANS
i nt egr ahatbrids IeuiBe BudhtaglRibesH-at dep S fsra¥od ipbﬁ%dnmg-@éthéiﬁ bacterlaesssays,

transm ssion; displaying diagnosis results derived fromthe analysis on a

conput desidual aotibiotia@ssaydt residuah pepticida @sspygresslically madifieghfpod tests,

guest i onnai d : : N , -
ot ai ni A0 AIE el fesds PAUERIORRERS SRR aPser e The AR NS S orain
i nclsuderegidd febtsragmet iesiduat peshicidd coniprides pesticide chatatrayd Wi vegeigblesior
force to mx the liquid in the mxi nP chanber . The gnal ysi s .net hod
may furfrwts foscexamaplss ethenmeg-gangrally disrdgerganghesehaiysc2 ncé'ﬁﬁ%ﬁ by
centri fiHQé‘éti({ié’ésce using a liquid valve having a U- or V-shape based on the
rotation center of the body, while the body rotates. 15The anal ysis net hod
may further include controlling the tenperature of the

In one embodiment, the biomaterial may be at least one selected from DNA,

oligonucleotides, RNA, PNA, ligands, receptors, antibodies, antibodies, milk, urine,
20 saliva, hairs, crop samples, meat samples, fish samples, bird samples, wastewater,
livestock samples, food samples, oral cells, tissue samples, semen, proteins or other

biomaterials.

Upon urine assay, the thin film centrifuge device may perform leukocyte,
blood, protein, nitrite, pH, specific gravity, glucose, ketone, ascorbic acid,

25 urobilinogen and bilirubin assays.

Hair assays accurately measure historical record of nutriment and toxic
substances including minerals accumulated in blood or urine assays. Hair assays
accurately detect oversupply and lack of inorganic materials for a long time and
provide a standard to assay the amount of toxic heavy metals, which is known in the
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assay site using the tenperature-control neans. The anal ysi s

met hod may further include searching a specific one selected fromthe
plurality of assay sites and selecting the sanme; and detecting the response
of the specific assay site. The detection process may be carried out using
a 20 spectroneter. The detection of the assay site using the spectroneter
may be carried out after searching the chanber through controlling the
rotation angle of the body using the stepper notors or gears connected
thereto or through the azinuthal valve search process, or by sequentially
measurigig | i ght absorption in the respective assay sites during rotation of
t he body through space-addressing assay sites using a blank 25sol ution
chanber during rotation of the body. The |ight source or |ight
source devi & ageordeace peith reowiiasr asaaet isd thewwresent InysntioEDprayideR’GS Baser ,

The- defBaBRSEA UOhGR Birdit Bahitult eAEBncRET aleam oMt It acci ng
S|oecit f bcsatmapleE ﬁnsaﬂnﬁle?ghérinbbt td Ewretthetéérgbllé i_ﬁfwtteﬁ@ irga\éthéesaaﬁ;t)ltﬁhiﬁlet; a
e SB[’ 15, A5, o TRbeoBadeon: . SRS, s 3 b
the re i \Biahayer i t.ad tor a l.ght i on of
e £ oELRaRIoRRYE ok, HhsmBRENBISKRE | 81 BAE: B SRR O
Pe bhat odet et ar ot ated in i he boty L6 b al o dot et o esu e and
recei vFhﬁv‘gﬁég‘a%%c@m‘%r&é@m@erbépnﬁx‘i GhaBbeisto ﬁfo"?c,e)f‘%‘hség‘?%‘@aehn t he
body 1t ex¥éddihg s bredet@siAkd énh‘&;ﬁteéﬂlﬂhbs?]pémaﬁ ﬁﬁﬁ%ﬂ%n@rﬁﬁﬁﬁﬁ@éa&u” her

i ncl ude_addi ng a cleaning solution to the assay site to clean the assay
si1@. sies i Mg ¢amddresprabeytor be thosindi tocthedspebimiengs dnminalalizett andfg t he

Fermanicadp WChiope R Ak i it SRRSRERK Siell il vbbe igtéde
t r appedithna tsopet-hgstophhiariaterdsed IRfui¢ ealve forsrld b9 BasskrfeNtdPBEnnect

enbodi nent, the body may include: a preparation chanber to prepare DNA or
RNA fr 818 BPeemese cOAMBST dornibe assy Sites; spdtasheahambenbde ;callactidgbrisingit i on

chanbe ' " r (L] 1o fragnment
tho amsPift HFis et REoidle B4 JRing Plodss! ST o RtABR AR Boyl P
pr tglet 8T whivhdthei gample inlet, fheagampieathambehanbapecBnémehapbentitd éxtiegst he
assay 20 s'bte N r,{ni h cap%ure robes are arranged in an array and is
hybri dFOREPR e @SB@@HB?W epP@E'@s”ﬁﬁ'@i‘?ﬂf”&‘e&cﬁPﬂ dherassey siRfuaiee to
pr oduc FR&le A di gﬁ,gﬂ ; e radi ion
are kng]\}ﬁ@;é%dta’hg{e;rt . ?—ﬂ%ﬁidﬁ?. ﬂﬁ?%g‘{gt)% fsug %e'bfbcgﬁz?ra§é’¥‘mé?ﬁ@9hf°ﬁeté| ude,

i n addthroogh ttiee tsaenpl@ dnistr trarsfetrimgbtive sampler &dnf the Bapisrghafbeatto theand

oo I ShaL R, HRRES R SR, 43 1EmRBR: ERRRBLMBASea bR eantilohl fomes heraed®

20 by rotation of the body and moving the residual sample to the remnant chamber,

when the sample is present in an amount exceeding a predetermined level of the
specimen chamber; centrifuging the sample in the specimen chamber and the
remnant chamber based on centrifugal force generated by rotation of the body, and
at the same time, transferring the remnant present in the specimen chamber through
25 the bottle neck channel to the remnant chamber, or the specimen from the remnant
chamber through the bottle neck channel to the specimen chamber; hydrophilic-
flowing the specimen retained in the specimen chamber through the liquid valve to
the assay site when the body ceases rotation; and binding the specimen present in
the assay site to the capture probe present in the assay site, or biochemically
30 reacting the specimen with a reagent in the assay site.
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thin filmcylindrical magnet to perform space-addressing of the
anplification chanber or the fragnentati on chanber in the body. I n
one enbodi nent, the thin-filmcentrifuge device may further include a
heati ng means to heat the anplification chanber or the fragnmentation
chanmber and a cooling nmeans to cool the sane. I n one enbodi nent,
the anplification chanber includes performng a therno cycle using

poi ynmerase chain reaction (PCR). The space-addressing the anplification
chanber or the fragnentation chanber using the heating neans may 5be

carried out t i i j ; I i i h.
THRLAENEY ot oy SpusacnthoB fuarbitg abaressia, soarc

The anal ysis nmetho i sol ating
pr epar atléamthehasdzsy site, madryingrand dehyatrpting tredagddy site.a pr edet er mi ned
| ength; and | abeling a marker on one term nal of DNA The DNA

o e+ GRS S ARt RO AL R bl

r agn-e ! . : . e . H u H '

LT e o B R R oot he
heabi nepfritbanassay siteialiovane thmweelﬁsuafoé@ilamrataﬁdnoﬁ%epb%mq Agtagt {g¢ e

Theao. AR SE! Rapo e Melossy reiss(o, ST k. RSl Merved fom,

readi | thapaiatgdiionda fdompitee niciitoenand rdeste-tpinsaittioh diagnesibadsultnand
taken in conjunction wth the accon’pag%/liégng dr.awi ngs of

i ch:
FI GS. Muasdionnaires 0 SedestangPnopeigddhrpughpeadntara P?tl"‘(?\gpilré’f PRGN NG i1 m

doctor’s prescription.

10 The analysis method may further include moving magnetic micro-beads in
the mixing chamber via magnetic force to mix the liquid in the mixing chamber.

The analysis method may further include preventing fluid leakage from the
specimen chamber by centrifugal force using a liquid valve having a U- or V-shape

based on the rotation center of the body, while the body rotates.

15 The analysis method may further include controlling the temperature of the

assay site using the temperature-control means.

The analysis method may further include searching a specific one selected
from the plurality of assay sites and selecting the same; and detecting the response
of the specific assay site. The detection process may be carried out using a
20 spectrometer. The detection of the assay site using the spectrometer may be carried
out after searching the chamber through controlling the rotation angle of the body
using the stepper motors or gears connected thereto or through the azimuthal valve
search process, or by sequentially measuring light absorption in the respective assay
sites during rotation of the body through space-addressing assay sites using a blank

25  solution chamber during rotation of the body.

The light source or light source device of the spectrometer may be a white
light LED, an RGB laser, or an LD module in which a plurality of laser diodes (LDs)

are integrated.
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20l ayered centrifuge device and a thin filmlayered centrifuge device drive
to control operation of the device according to one enbodi nent of the

present invention; FIG 3 is atop viewillustrating a slider
provided with a BOPM and a permanent nagnet according to one embodi ment of
t he present invention; FIG 4 is a side viewillustrating a

thin filmlayered centrifuge device drive to 25operate and control the thin
filmcentrifuge device of FIG 1 according to one enbodi nent of the present

i nvention: FIG 5 illustrates a spectronmeter using a grating mrror
according to PRe @aBefbrATesTt tHf dd38y PEIRS Qitind "MBNEpS&QRiometer may ifdieR: 6 to
8 illustrate a nethod for detecting the assay site using a pectroneter

on t he PaBSiAG speaific avaveldnglles dblightdram toe ugrlntg;saww deviee‘lmxﬁdlherepectlubmet&r

i Lon: FIGS .9 0 trate.a liquid valye.to
br eventP G the Uien fase pAkGRL NI Podadrdhe ssay difign hished ErdiiiRent o
the pr esentisiintegnatean;and Getetling | lighstrepb&tedaby ttﬁe%ﬁectwwag{efr%ﬁg QRe

process; 10FIG 12 iflustra_t es a bottle neck channel according to one
embdi RBgfodetector to megsura digh absointionsefr tieeseecimes inhtheeassayasiteuFhepeci es

of tu e I i Nthe.for in r. t on.th of. QUS
ol nbrgﬁétéé@éﬁréﬁggé t%g@%%gsﬁgﬁgglhg “the ;SBE&Porﬁe{er hal' incthide HedstfingChight
absorption of the specimen using the photodetector integrated in the body to obtain
detection results, and receiving the detection results using the wireless RF IC

integrated in the body to wirelessly transmit the results.

10 The cleaning process may further include adding a cleaning solution to the
assay site to clean the assay site. The cleaning process may further include drying
and dehydrating the assay site based on centrifugal force caused by rotation of the
body. The remnant (debris) formed in the drying and dehydrating processes may be
trapped in the trash chamber based on centrifugal force.

15 In one embodiment, the body may include: a preparation chamber to
prepare DNA or RNA from blood serum obtained from the specimen chamber; an
amplification chamber to amplify the DNA and RNA; and a fragmentation chamber to
fragment the amplified DNA to a predetermined length. For example, the DNA cut in
a predetermined size in the fragmentation chamber is incorporated into the assay

20 site in which DNA capture probes are arranged in an array and is hybridized with the
DNA capture probes having a complementary sequence to produce double stranded
DNA. Various embodiments to detect hybridization are known in the art. The thin
film centrifuge device may further include, in addition to the chamber, a chamber
required for DNA amplification and fragmentation processes.

25 In one embodiment, the thin-film centrifuge device may further include a
thin film cylindrical magnet to perform space-addressing of the amplification chamber
or the fragmentation chamber in the body.

In one embodiment, the thin-film centrifuge device may further include a

heating means to heat the amplification chamber or the fragmentation chamber and
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FIG 16 illustrates a thin filmcentrifuge device wherein a plurality of
assay 15 sites are arranged in parallel on different sectors to performa

| ab-on-a-chip process to assay various specinens with respect to a single
sanpl e according to one enbodi nent of the present invention; FIG 17
illustrates a stepw se process for transferring blood serumfromthe

speci nen chanber to the buffer chanber by alternately repeating the
hydrophilic 20fluid flow process using the liquid valve and the fluid fl ow

process by centrifugal force; FIG 18 illustrates a state in which
bl ood sgrHEl; fﬁ%%n%%tc%l th%aé’arﬁéte by centrifugal force as another
enbodi nent cﬁé erent fromFl G FIGS. 19 to 22 illustrate

st epwi se processes of the thin f| I mcentri fuge device 25 further conprising
a dil ute sol utlhonnet embgdiraairbihe, amsplificatian echarobenhdnelngesdi peMermingwa i n

FIG 17 f

devi ce T8 o45'q msind poberRSe i 2hERich (BER): | Fifb BRERRudECHAY tE°
accor di f@plifcMaa Mﬁﬂéﬂ@ﬂth@fraghfermwahambéermtslr@wtthEé'é\tngB\daE@GRta?Tl ON
5Ref erence will now be made in detail to the enbodi nents of the present

i nvént i lom caeieshpitdbrasiohvidisn direetion pegfichaarstiazimutive! ditecdrpS#AHY dr awi ngs,

wherein like reference nunerals refer to |like el enents throughout.

Reference wll d t; '

ovent i on, - exaly andeTETehBd 1, fuiker REBED SRR IR STRNK AL o,

wher ei rprebarétldrechaaﬁbenemagmnmwﬂhe amplified DNA foea predetatminedriengthoand
labeling a marker on one terminal of DNA.

The DNA amplification process may further include rotation-cooling based

10  on high-speed rotation of the body.

In one embodiment, the fragmentation process may further include:
incorporating DNAse in the amplification chamber after DNA amplification; heating
the DNAse using the heating means to inactivate DNAse (incubation); and/or

producing single stranded DNA (denaturing).

15 BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects of the invention will become apparent and more
readily appreciated from the following description of the embodiments, taken in

conjunction with the accompanying drawings of which:

FIGS. 1 and 2 are a sectional view and a plan view illustrating a thin film
20 layered centrifuge device and a thin film layered centrifuge device drive to control
operation of the device according to one embodiment of the present invention;

FIG. 3 is a top view illustrating a slider provided with a BOPM and a

permanent magnet according to one embodiment of the present invention;

FIG. 4 is a side view illustrating a thin film layered centrifuge device drive to

25 operate and control the thin film centrifuge device of FIG.1 according to one
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FIGS. 1 and 2 are a sectional view and a plan view illustrating a thin film
| ayered centrifuge device and a thin filmlayered centrifuge device drive
to control operation of the device according to one enbodi ment of the
present invention. Referring to FIGS. 1 and 2, the thin filmcentrifuge
device may be realized 15 by integrating a lab-on-a-chip in thin film

devi ces such as conventional disc devices including CO-ROVW and DvDs. For
exanple, in one enbodi ment, provided are a thin filmcentrifuge device 100
in which one or nore chanbers 130, 131a, 131b, 131c and 133 to store

var i ousmpéldirientsst tHe ippdserit@adntied: f or anal ysis and to perform various
chem cal processes and centrifugation, channels 92, 93 and 67 to enable the

20 buffer solutions to be transferred, an assay site 132 and a liquid valve
7 are integrbl@dd diusirates i speairanster usiag aa tgiating irmnisior sgeaosdingei®t Pheuge

devi ceeq{rug égp&thgﬁgé)%r{t%\@qﬁﬁhati on of the device. As shown in

FIG 1, erence nu neahs a thin filmcentrifuge device, which
i ncludes a body or a base material, fornmed by |am nating an upper 25 base
material 1, BIGSnGetoredliiltistrdlase matieod dbr atoacimy thevedasdzgs siteaisingah 3.
The_ thin filmcentrjfuge device also includes: the channels 92, 93 and 67
to I | SRPFTAUNGET ﬂ%tgwbﬁ'm ReENtrégRdpYice asserdingde ong amaadimRNtiGijteet i on

mol di ngres@nk irflehelonal ve 7; a sanple chanber 130; a specinmen chanber 13la;
a remant chanber 131b; an excess chanmber 131c; an assay site 132 and a
trash chanber 133. These el enents are closely adhered to one another to
constitute thé3$hBnand |1 diustrate wydqdidy valve 1100 prevend liguidrieakagenduringe t hi n

2t mosprel T G BuS Rl Ry o P aRL PR SR 82 om t hespeci e
chanber 13l1a to the sanple chanber 130. The outlet 12 nay be arranged

opposi te to Fi& 1diilesttdtes actepeistrdehtifagatict pecebs, anot her enbodi nent,
outlets 12 and 13 and a bottle neck channel 67 nmay be formed by a thin film

channel .
?d] FIG. 12 illustrates a bottle neck channel according to one embodiment;

FIGS. 13 to 15 illustrate strips wherein various species of tumor markers are
fixed in the form of a line or spot on the porous membrane according to one

embodiment;

FIG. 16 illustrates a thin film centrifuge device wherein a plurality of assay
15  sites are arranged in parallel on different sectors to perform a lab-on-a-chip process
to assay various specimens with respect to a single sample according to one

embodiment of the present invention;

FIG. 17 illustrates a stepwise process for transferring blood serum from the
specimen chamber to the buffer chamber by alternately repeating the hydrophilic
20 fluid flow process using the liquid valve and the fluid flow process by centrifugal

force;

FIG. 18 illustrates a state in which blood serum flows to the assay site by
centrifugal force as another embodiment different from FIG. 17;

FIGS. 19 to 22 illustrate stepwise processes of the thin film centrifuge device
25 further comprising a dilute solution storage chamber, as compared to the
embodiment shown in FIG. 17; and
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In one enbodinent, the thin filmchannel nay be fornmed between the base 10
materials 1, 2 and 3 by a channel -shaped thin-fil madhesive tape. That is,
the base materials 1, 2 and 3 are adhered to one another by a thin film
adhesive tape to constitute the thin filmcentrifuge device 100, and the
thin filmchannels may be provided in a region provided between the base
materials in which the thin filmtape is omtted. The thickness of the thin
fil mchannels may be determ ned dependi ng on 15 the thickness of the thin
fil madhesive tape. Due to | ow thickness of the thin filmchannels, strong

capillary actgen oyl P:%t% Mn ‘?@"ﬁ”l'éyerle'?i Qé]ﬂriﬁgéogé%fg%mv%g‘é Oﬁél}'ﬁntﬂnlﬁﬁé%? of

the thin filmadAes Ve or exanp

Her ei nabpdoad aine tigintfiheh withfugeedewme acsarime to snblembodiment lafithe gpresenti t h
reference to FIGS. 1 and 2. 20Reference nuneral 120 indicates a di spenser,
a pi petif¥entiprsyringe, a lancet or a sanmple injection neans to incorporate a
sanpl e, reference nuneral 121 indicates a sanple inlet, reference nuneral
170 indicates a disc hole. Reference nuneral 130 indicates a sanpl e chanber

to storgehhagh ipEScREETIGNM t he sanple inlet. Blood present in the sanple
chanber 130 is transferred 25 through the channel 92 to the specinen

chanber 13l1a and the remmant chanber 131b, while the body 100 initially
rotgtes, and %@%é@ mﬂngw Béaﬁéa@nﬁ%té.hwlm@ SHRbodiRIE of g pRbserfd3 to

the excess ch 131c centrifugal force caused rotation of the
body 10ﬁve|ammesexanmntdpemﬂavhlcr¢am nIIUSirgmd ﬁhthﬁ agtayopanryiog @%awmgshwhgp@m men

chamber, %3&3 erencetnrtlj%errgpnre?er tonie e(?em fLs thrcguthOUt

Reference will now be made in detail to the embodiments of the present
invention, examples of which are illustrated in the accompanying drawings, wherein

10 like reference numerals refer to like elements throughout.

FIGS. 1 and 2 are a sectional view and a plan view illustrating a thin film
layered centrifuge device and a thin film layered centrifuge device drive to control

operation of the device according to one embodiment of the present invention.

Referring to FIGS. 1 and 2, the thin film centrifuge device may be realized

15 by integrating a lab-on-a-chip in thin film devices such as conventional disc devices
including CD-ROMs and DVDs. For example, in one embodiment, provided are a

thin film centrifuge device 100 in which one or more chambers 130, 131a, 131b,
131¢ and 133 to store various buffer solutions required for analysis and to perform
various chemical processes and centrifugation, channels 92, 93 and 67 to enable the

20 buffer solutions to be transferred, an assay site 132 and a liquid valve 7 are
integrated on a thin film disc; and a thin film layered centrifuge device drive 100a to

control operation of the device.

As shown in FIG. 1, reference numeral 100 means a thin film centrifuge

device, which includes a body or a base material, formed by laminating an upper

25 base material 1, an intermediate base material 2 and a lower base material 3. The
thin film centrifuge device also includes: the channels 92, 93 and 67 to allow fluids to

flow on the respective base materials during injection molding; a liquid valve 7; a
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separating blood present in the remant chanber 31b as well as in the
speci nen chanber 13l1la into bl ood serum and erythrocytes. Ref erence
nuneral 67 indicates a bottle neck channel to connect the speci nen chanber
131la to the remant chanber 131b. The bottle neck channel 67 provides a
passage, allow ng transfer of the erythrocytes present in the specinen
chanber 13l1la to the remant chanber 131b and of the bl ood serum present in
t he remmant chanber 131b to the speci nen chanber 131a, when bl oods present
in the speci men chanber 131a and the remmant chanber 131b are centrifuged

by thesggipé ichager! PAEea Trﬁéﬁdcr%YntFé?t 784 2N %enk %ggoa:,-ser N and

the bottle neck 10 channel provi des a passage, ena Ilng
er yt hr 659ess charmber 1 H; )anmaay diteot82 aed arimehambemm TBéee elerhbets

remmant, ch 31b. durin ntrifugation, : in FIG 1, the remant
chanbe?rﬁg%eﬁ/sacéﬁr%‘ﬁg%anﬁl%&g qreotcﬂa&g%?eetthﬁgﬁ"b Fb‘Eﬁ’ﬁth“@ﬁéievdﬁeﬂﬂ@ body,
as conpared to the specinen chanber 13l1a. For this reason, as a result of

movenent of  blnoefe eeftuaimeAt ShELRTMPHYE @chifey0lel e r?aéﬁ%héﬁg{&ﬁfd& gRannel
13 00

67, erythrocyte is collect ed in the remant chanber b and serumis
col § ecPutiel 1 ihdisshataenatmasphepemrassie generated byhisamsfetring saroplestfeomel 67

may bey C | cql.lec bl pod serum and
eryt hr O@g@@@ﬁ%nﬁéh%@@{# qlrguga0 i(?r? Q@@B% g'&%"o“éebg?br etrhgc%’ [,Qﬁ {n?g S
conposadangedvmpndmte fo ke clvestien sof éélﬁnfu@@ﬂd@ﬁceChaﬁbéﬁotﬁ@rllénﬁfbdlr'ﬁéﬁ@' not
be prow th an additional oqutlet. That is, the outlet 13 of the

speci rrBH a1 @nd 13 80da bettlecpackehanmebfr Ineay be formeed Binadthin Biaabamnal3ib by
the centrifugal force generated during rotation of the body 100. However,

the outlet 13ndnd BRLDRRAEAE S HATRER ciaéﬁgemay% ﬁ?hleasoé?\WIeQHtthétba%E the

remmant chanber 131b due to the absence of centrifugal force when t
1000 i smederialstlatZeand 250 alwbaghebsioekd thireim aidhegied tapél That &, hine bpse rray

be ad seruma ai,n, when t eas tation. That is,
in ord ?gr(;)g}% {] % ’\Sid?frgx??% Edoltr 9N 18 E}‘%reg)brﬁ ﬁ?"f'efﬁ a't‘%"r% %P‘i" A, the
body 166nsthane méﬁﬂﬁﬁllﬁpbéﬁﬁlﬂg]e Hev*bal F06,286d tRE Yhi ﬂﬁf{téﬁahﬁel%d oW t h
bl ood serum agai n, nakin I fficult to extract onl ure 00 er um In

order P®Vifad gha regips mewdedrhetweenﬁhe base mhﬁatestp@dhrvdmcbmh@ brintfidm taaea is
I sol at o, L8 e ERERRES SFHRIRGH i haAndisS %O%%acriéte?/rhmerc]iedebpoetnt ing on

15 the thickness of the thin film adhesive tape. Due to low thickness of the thin film
channels, strong capillary action to fluids may occur. In one embodiment, the
thickness of the thin film adhesive tape may be, for example, 0.001mm to 0.1mm.

Hereinafter, one embodiment wherein a sample is blood is illustrated with
reference to FIGS. 1 and 2.

20 Reference numeral 120 indicates a dispenser, a pipette, a syringe, a lancet
or a sample injection means to incorporate a sample, reference numeral 121

indicates a sample inlet, reference numeral 170 indicates a disc hole.

Reference numeral 130 indicates a sample chamber to store blood injected

from the sample inlet. Blood present in the sample chamber 130 is transferred

25 through the channel 92 to the specimen chamber 131a and the remnant chamber
131b, while the body 100 initially rotates, and excess blood is transferred through
set-amount channels 93 to the excess chamber 131c. Then, centrifugal force
caused by rotation of the body 100 causes independent centrifugation of blood

stored in the specimen chamber 131a and the remnant chamber 131b, thus
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neck channel 67 is interposed between the speci nen chanber 131a and the
remmant chanber 131b to prevent fluid transfer therebetween, thirdly, the
remmant chanber 131b is provide in the formof a capillary tube with a | ow
hei ght (narrow) to allow erythrocyte to remain in the remant chanber 131b
due to inherent capillary action of the remant chanber 131b or bondi ng
force between the surface of the remmant chanber 131b and erythrocyte, thus
preventing adm xi ng of the erythrocyte with blood serumin the specinen
chanber 13l1a. The bondi ng force between the surface of the remant chanber

131b ang’egﬁr&ﬁﬁg%%oe Ege;sbe%riﬁ ¥iRd r%@ﬂ?gﬁ Eh9MBel 1348544 WellfaeiviHy §sadigenhen

the rem noer Isint rmof a capillary tube, centrifuged
er yt hr oclydrabes13ta irdd hlocetiseunhabd eopthemytes.even when the body is not
rotated and remains on the surface of the remmant chanber 131b.

Accordingly, the bl ood serumin, the specingn,ch r i ) xed
with erythroc t%feéwerré]W%rigLséz t'gag?tggeag@%w%uﬁgﬁﬁn%‘#%g{ &?lgﬁﬁqﬁa&t é
body. | gpaimepriiemhi@ 314 hetexepssart bhahaier i31e. t TROdbRlIesnécistithialel 67
(excess) 15 bl ood through the set-anmount channel 93 to the excess chanber

1316 bypwwittas awrpasaper edoyingetransler 19§ theteyihsacyies treseridyy theoSPE=meRdi ng

(or o obteBer 1§ SRR e e eRENLRETST AL le Bag c¥Ruf Rt B0y
The bl ogginfai craansbérel It tdittehepedifren ¢Hembéi t8t@ssher biduisspresanbinnthe

channel 93 may be transferred through the set- 20 _apount chapnel K 93 to the
excess epegimen enambey 18da: and dhal remyant ¢aebear dd1Byareorartrbipest %Vh €body

100. : f n ' f ' i ed
for pr o%%r?:tlnﬁug‘ﬁgr@kgeségn I ng%ty hgoqgﬁ?dn%lj ﬁpgnqgfg#: ?P?ugghagiﬁ’ gg%ﬂlé ?%eekbase
hol ®0 296kanrsel iy privides atpassafex enakling bloiodeskerium angdierytheaddé do drec realyner al

132 i ndi t jte i ich t be, f dj
exanpl eMONPH) AT e SpeCiTee Siamieig) 318 B it rEERaRt (amHETs bolh g
chamber cér?tﬂiﬂJda‘iiof'n!. Xad, sHIWH N FIag Rt semPant BRSAbePS 346 9 arsAged Q:lose4ti)

bi ochem cal reactions) wth specinmens are stored. Reference nuneral
i ndi cat the extporab gscumfereane ofthesbedy asrcampaied:taghe sapeimen phaypbepi 3a.ded

in the ass site 132 is fixed. Refer n 3] t i ded
i the BOSRYs Bdsdnr 35 4 Rkl TanlmEhCOLi0H BBkdh diiu ki Be Rl iyt el
t herodyotidOndck BhanREIB AT aryfiodftetifecolibticd ihlthePrdranarttocivaabemy31ib kdstri p
41 is dried to pronote diffusion of a washing solution on the strip during

t he washioad sandmsswedecteddr dhe shecimanserarabel h!'d-ngr edi ent s due to
di ffusion force. Bl ood serumtrapped in the speci nen chanber 13la

o9 oot AL B B e Fd e BB bl B el e
r ot at i ovollection of blood serum and erythrocyte during centrifugation. For such a bottle
neck channel 67 composed of two thin film channels, the remnant chamber 131b
20 need not be provided with an additional outlet. That is, the outlet 13 of the specimen
chamber 131a also acts as an outlet of the remnant chamber 131b by the centrifugal
force generated during rotation of the body 100. However, the outlet 13 of the
specimen chamber 131a cannot act as an outlet of the remnant chamber 131b due

to the absence of centrifugal force when the body 100 is not rotated.

25 Although blood is centrifuged well, erythrocyte may be admixed with blood
serum again, when the body ceases rotation. That is, in order to selectively extract
only blood serum after centrifugation, the body 100 should cease rotation. In this
case, erythrocyte is admixed with blood serum again, making it difficult to extract
only pure blood serum. In order to prevent this problem, primarily, the specimen

30 chamber 131a is isolated from the remnant chamber 131b and secondarily, the bottle
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Ref erence nuneral 133 indicates a trash chanber to collect debris 10
generated by washing. That is, debris which does not bond to the capture
probe of the assay site 132 during rapid rotation of the body 100 is
trapped in the trash chanber 133 via the channel 94. Ref er ence
numeral 211 indicates a slider equipped with a permanent nmagnet 5a, which
is connected to a slide notor 109 for operation control. 15The fluid fl ows
are realized by the centrifugal force derived fromrotational force of the
body, or super-hydrophilic coatings of channels. Ref er ence nuner a

291 i ndbeRt EHarmel rmn-iéiihferfuéédwqfétwebnmngbe&i%ép%fhbﬁ%déf 394 e5%q iR assay
site 132. Reference nuneral 103a indicates an optical pick-up device to
read 20eoaNkeaharohar 13pbite preventcBuid firansésratheirebet@Benp thitlisthe resfirardnce

[ : ' deyi f th Lte 132 for antitatively
o quaPhFERL A8 1R e BT RN cheleBIEBY LA RHnaiRhL g B
t r ans MaBOW ATy IRESOHE ROBBMaAAP AL Wsmnanf LhAHBEEABEE IR &ﬂdh‘é’ﬁerﬂedéﬁﬂ’a%an
i mge sensor, a spectrophotonmeter or a surface plasrnon resonance (SPR)

det2ct AsliPRy&Fithe remmant ghagper da1bppic kongingdfores: betyeemithe ssrfape afdbay site

det ect j j [ i ' . i : evi ce
Tos. VigneR ot b P a0 b fadhid Bud B BB AR B AT R
det ect ivith blewd (mt?umr iendimsosglsecfcimne’nh(Ehaﬁmberd1CI 31a. The t{d}?dmgefcﬁﬁbmiitwe?g,zthéhe
hin fil tri i r ace-addressin e assay site
it nizrud:ﬁ'é'q]f“lgf‘gn%r ihegggﬁhn%\f/%&?\a@%erﬁgaab earack@mhraega)apcts F@HVé@]uﬂr%eétrgﬁQt he
lid i i } ce
Tone A ISEosNer S BlrbE oMM tHE Fehihai P ChafoeP ISR n b ol ofid Sdpify o
t hik ffube, Seolyifugeil endhrocyignie tno? atmiretiwith \odoechseim even dihent the tafdyBEOPM

devi ce n.be controlled by control of the slide notor 109. The space
addr esgﬁﬁ&’t?tgdt?ﬂg gduapsg g’el'?f!f‘?ﬁfyo{) e rean &Wt?'e&d@% a%_ac%fgﬁ}ﬁﬁ’hal
di r ect {iRNbeBarsdium in the speEiiferf BRAALERAB18fs hbEad @iyl wﬁﬁ‘@rﬁ_ﬁfdﬂi&é‘ﬁhd
direction search is as follows. The radial direction search iIs process
for trBERMamNs itsstateee yrir wpere AONWRigHen ofthe hody.

In one embodiment, the excess chamber 131c transfers residual (excess)

15 blood through the set-amount channel 93 to the excess chamber 131¢ by centrifugal
force generated by rotation of the body 100. Depending on control of thickness of the
set-amount channel 93, the amount of blood (or blood serum) remaining in the
specimen chamber 131a may be determined. The blood having a height higher than
the thickness of the set-amount channel 93 may be transferred through the set-

20 amount channel 93 to the excess chamber 131c¢ by centrifugal force generated by
rotation of the body 100.

Reference numeral 290a is a base hole for alignment required for producing
and assembling the thin film centrifuge device 100. The base hole 290a is injected
into a fixture provided in a jig.

25 Reference numeral 132 indicates an assay site in which a capture probe for
bonding (for example, biological specific binding) to blood serum in the specimen
chamber 131a is fixed, and/or reagents for reactions (for example, biochemical
reactions) with specimens are stored.

Reference numeral 41 indicates a porous membrane or strip on which the
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10 a radial direction, which is carried out by noving the pernmanent nagnet
5a on the slider 211 on the corresponding dianeter of the thin film
cylindrical nmagnet 291. Then, the azinuthal direction search is required to
overlap the permanent magnet 5a and the thin filmcylindrical nagnet 291 on
t he correspondi ng dianeter. The azinuthal direction search is carried out
by slowy rotating a spindle notor 102 or 15 repeatedly operating short
rotation and stop of the sane, while the slider 211 is stopped. During slow
rotation or several short rotation of the spindle notor, the permanent
magnet S 0. t r gnet
291 pr eé%tg% %Q%eeﬁ@gﬁegglﬁt r? |é\%§ay)§{r%§g? % éd r%?'b&%’%é@cgﬁwgfg b1e§ ?do?g?ed
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tzg'lsafggghpggftéfv 186" S B romott 2king i dnS, Srimad: 1EHOw e ¢ s 4T b
di rect 'd\m? ﬁj’igr I mac ﬂ?@slﬁﬁr f'aeWaQHanbé(oIGﬁHH bﬁlthé%nr.'i Ghﬁh?QHe QfasHirRPBAd

not or s anically conneCted to the shaft of the spindle notor
102 5i n wasil batkdroend nome-talising irgredientsdige thdiffisionrferca.i on of the stepper
not ors enabl es control of the rotation angle of 25the spindle notor 102.

Ref erence nu 116b indic | e t -
signal s requ%ﬂ ‘Fcﬁe ‘ﬁ@dﬂﬁ’qe%g H% %égéh{%@e?ﬁ%&& W%W@‘(@c%%ﬁﬂﬁ{g%d Po a
central m@gnbé ararfitiree thedudghneediyuid Wwalles 70to @hbaasess sitd 6432 Refsedeone
nuner al 1is aturn table on which the thin fllmcentrlfuge devi ce 100

i s pl acerophitic fldis flaws whenrthe dedyi TQfyeeanesiredtido is placed in front of or
on the top of the turn table through a central hole 170 of the body.

Ref erence numag ér%‘i €538 HRidds P4 OtfhgichthbPSt% REIbE ebRS

electric tag V|ce mh i ncl udes protocols | ab- on-a-chi p processes,
det1ect i gegnaratad by wa‘shirtge ihaags, dﬁbﬂstwmdmﬁpearrwtymnsl tal therdapitune prodedr d

control  val ues f ect.ion cat i on.of the assa te
132, | hGr AR sOUL LA (AR TBI0N o eaBPOY. TOthd® (FRPBEARE| DR tradh
associ atednmet ’fB§9iafth€'c?‘ﬁ'ﬁﬂ§| §4. I n addition, the nenory-provided wreless
RF I C or an electric tag device nmay store personal privacy encryption

information, and identification (ID) of the thin filmcentrifuge device,
t hus preventi r@efe!t@(lﬁt meineral; 2 windieates par alidesi eAvipPrE WithePeBempgngnt 183

cupp | croB0%] R wakIERSnase e S s B abr g BlgRbiegRDrtfol © 127 12

transm ssi on/ receptl on and may thus be utilized in personal privacy
encrsypt i on.  Refieg floideflowsaralredlized bylitlcatceatniug\itlrfei‘m derVext front ratatienal

generator to sup Gfa/ power to é{he wi rel | C 18'8 An alternating
magnet i ©ree ef the bory, ereHBEERY pPWS%a'@Q%Q CRARYEE'?i c wave generator 110
senses an induction coil provi ded inthe wireless RF I C 188 in accordance

with Flem ng' spéfakén et RuaRisr 29 f |ﬁd|§é’tfe§'é3ltﬂﬁlfllrﬂr@ﬁﬂﬁr|@él RaeAE! to-bpatiand

supply the sarretot eW|re ess . The wireless electric wave
gener at addriess pheassiaydsie 182a nul ti poI e per manent nmagnet to generate
electricity on the i nducti on coil provided in the wireless RF I C 188 based

o ol oo cORETbR TG 55 FRaRR e a8 Bickh S, oy 100
ar rangegoerdiohbPypfical ldpsd (lde}Ge)tmﬂylelﬂms or DVDs), reference numeral 103b is a
detection device of the assay site 132 for quantitatively or qualitatively analyzing the
assay site 132, which may be a light transmission measurement apparatus, a
fluorescence detection device, an image sensor, a spectrophotometer or a surface
plasmon resonance (SPR) detection device, and the optical pick-up device 103a and
25 the assay site detection device 103b constitute a bio optical pickup module (BOPM)
device 103. Various embodiments of the fluorescence detection devices and SPR

detection devices are known in the art.
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For the thin filmcentrifuge device according to one enbodi nent, the
wireless RF I C 188 perforns tenperature neasurenent to neasure the
tenperature 25 of the assay site 132 and wirelessly-transmts the sanme to
the central control device 101. The assay site 132 can maintain a constant
tenperature using a heating or cooling apparatus, when the tenperature is
excessively high or low. In one enbodi nent, the tenperature of the assay
site 132 is within the range of 30 to 37 degrees in the reaction with
speci nens, for exanple, in which biochem cal activity 30and stability are

i der ed. il fi ' ' -
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dat e anm@saysite rdguhclades the Biopickop opédicaluabdples(B@PEE denviteat®3 khoippedt est s
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di stri hoBi On JensalENt nkRMeash isNhennRY Om ted sidsmBI 6. toPatra8t AR I@RI C
products. Consumers and agriculture and stockbreedi ng distribution

ent 2r peyirkicahymagnethd8t endpioxament \m‘scm;r@t@lmﬁ Qg]l\ﬂ m@\dcaee a@si hg tEe
11 m o 8apfPed By EoMroLOEEFH8 figRe0hT the Bedi Bhos®Sp Bl bl Hdoy g on

t he thitB2fmayrbé Peslied BygelialrandeaZ®dehal direction s&&cht he thin filmcentrifuge
devi ce according to one enbodinment, the wireless RF IC 188 can store the

test results of the thin fil mcen rifquje device in a nenory provided

therein. For tHE gRbadimant.of &g Fadiglan é%ﬁ”@ghak@i&%ioﬁng%CBr'ﬁaaﬁrfﬁlgdﬁrent ,
the 15mr@h%$aire&idr@sé&%hq9%twc§ts§s ?@hﬂgﬁgﬁmﬁhge@%ﬁﬁq@h H% RYBin®| te,

and wirelessly transmts the resu obt arne e cen control
del® ceal@diaddirgctionr whichdedarded bait dy movingpthe/ perhprent enagrest 154 on the

oput £ Siddh 2o b Ralrepactiife eReli L M Jut Befronl Teasriesodl bor
ATAPI  TheROtheCGRlim@thaR dHeXIice sBathNS réq RN vedpthe ekt Rfagnat génet

network. In addition, user information, such as height, weight, "gender and
age, ofnghte: tin film reybedtcalf mgenet\d%e onothe aortesppnging dianoetgh t fbe

o SRR AR oS b YR R RS ZE O R 38
sanmpl erguabtddla operatingladortptdtatioPathd stop of the same, while the slider 211 is
stopped. During slow rotation or several short rotation of the spindle motor, the
permanent magnet 5a on the slider 211 corresponds to the thin-film cylindrical
magnet 291 present on the corresponding diameter, the body 100 cannot be rotated
by slow or short rotation due to strong attraction force therebetween. In this case,
20 the permanent magnet 5a and the thin film cylindrical magnet 291 are aligned.

In addition, in another embodiment, the azimuthal direction search may be
carried out by controlling rotation of stepper motors which are mechanically
connected to the shaft of the spindle motor 102 in need of the azimuthal direction

search. The rotation of the stepper motors enables control of the rotation angle of
25 the spindle motor 102.

Reference numeral 116b indicates a flexible cable to connect control
signals required for BOPM 103 on the slider 211, which is connected to a central

control device 101 through a wafer or a harness 116a.

Reference numeral 181 is a turn table on which the thin film centrifuge
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25 41b to transfer blood serumin the specinmen chanber 131la to the assay
site 132 by an absorption force to absorb blood serumin the specinen
chanber 131a through a U or V-shaped hydrophilic channel 7 according to
one enbodi ment. The speci nen chanber 131a can be enptied by transferring
bl ood serumin the specinmen chanber 131a to the assay site 132 via the
absorption punp. After specinens present in the specinen chanber 13la are
ej ected through the liquid valve 7 to the assay site 132, fluids in the
remmant chanber 131b do not transfer to the liquid valve 7 due to strong

et on Ui 108 ds Bladelt a0 Rl iy ERRRRRe QEvcl o |l gl AR £r el

mﬁvem%rttn ftigs erqgfthmetL]ghSt@bw ithmugblmr) wmgaﬂ hxdmlé [17i0d ofl diees boaly. t Mfeﬂeeget 0
the assay site 132. Reference nuneral 41bh indicat an ahsor pt.i on, pad,
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pads arﬁmﬁﬁnnapagg.ptr&ow% fo?ﬁé%—%ﬁ'-é—.cﬁ@ dﬁ‘ro!&@ 88 JRE A Festils ofth&asdays a

top view 1l lustrating a slider provi with a BOPM 103 and a 10 per manent
magBet S d6Cpraliahgis algorithenybstidnderd cohtroheapress fort detectiani @nd neation

Toon CORiBmabAn & Mitcostay shar 1o afaimatonynsSiemed g HagfohalRs; ag
usi ng §hfd?ﬁ1a%ﬁsa§9§aa@ad WilBseis dmbiats. The sdditienanhe ARgmorgioliadh are

engaged through screws 110a, 110b, 110c and 110d on the body of the thin
film | ayieeleds cRhtIG fangan 1gectaici tag devioa, maoshere earsanallprivags epery@don

|. 116b.i ndi_ cat. fl.exi le. which i . f
ore pfeittioRa e genfhicalis (REpf e, fin MihtRohBubg et o pRiEALAgY o
t hejos pi sk MREORIthd@2perdtionibni IMH Gireldss RF IC 188Fh€luddsizs smasi W card:w

illustrating a film/l ag;re_d centri fugle devi ce drive 100a ;ag 0 ?rgte and
cont r ol Theéformation jointle viralest BFaKy 188 isopritliet e, the ey m% robdgMiEe 20
enbodi i i (=YaYo} galer body
o suppi| (ioubPvRERE HpdghiRderRecepRyTERRC R MR he tiiged  pRiS |
subst r aprevab§Oensryptiohi niRefetencengagextal N10hindicadgs 30 Oviogleshecleblric fvaven

dovi ce MATEIoTACUARY BONer 10 e iiesosan: o 1881 AR RLSLRURdgBaaRe b1 o
and g he%éﬁg}gféoo‘b&pgh %r‘é'ié‘s‘:‘s ekt AR g@heFaﬁSr HRbnséndd® baYRHaetid® coil
ge devic rive d

centrif 00a are arrang on the circuit substrate 140. The
cent r al provitiedoin thewvicaled® RFc i1t1188| in accopdantieewitb tfdemir@ps tider st gererairiabr ake

the thin filmcentrif evi ce 100, cqptrols enent , of bj &, opt.i.cal
ot ckup Hticieat cmeeh} oh Bactily S SHer§iPacnia I K Bkt REACO D ohae
”Pt or 1:13\5299e|fe§t§%lé§’t\ﬁ83~?\nf gBREFRIGER provial wWitA 4 Phulspelecp@askiag imagridicoassay
site 0 e thin film
generate electricity on the induction coil provided in the wireless RF IC 188 based on
20 an alternating magnetic field generated by rotation of the body 100. In one
embodiment, the multipole permanent magnet may be circumferentially arranged on

a tray to load the body 100.

For the thin film centrifuge device according to one embodiment, the

wireless RF IC 188 performs temperature measurement to measure the temperature

25 of the assay site 132 and wirelessly-transmits the same to the central control device
101. The assay site 132 can maintain a constant temperature using a heating or
cooling apparatus, when the temperature is excessively high or low. In one
embodiment, the temperature of the assay site 132 is within the range of 30 to 37
degrees in the reaction with specimens, for example, in which biochemical activity

30 and stability are considered.
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30centrifuge device 100. The permanent magnet 5a can efficiently transfer
an electric fieldto athin filmtype cylindrical magnet (291, see FIG
1). In addition, the central control device 101 deci des whether the disc

| oaded on the thin filmlayered centrifuge device drive 100a is a
conventional optical disc (for exanple, nmusic CDs, CD-Rs, and gane
CDs/DVDs) or the thin filmcentrifuge device 100. Wien the disc is a
conventional optical disc, the device 101 transfers information read from
the disc fromthe optical pick-up device (103a, see FIG 3) to the storage

device 112 or ppARHE/ it Rith Q&'Ythfé.@eljdéwc%r %@é(f)r%r 48t 8nk Cehibo \‘erhéﬁtenthleo the

optical pick-up device (103a for nms convent i onal
oper at vdrgdessoRFopCi 38 Magdecluﬁerméormqjﬂoe smrppds mtmteoaﬁd dest redultsi gnal s
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central control device 101 th ll‘Jng the wrel ess IC 188 on t
| ay@r e&CldengIMgt@rwediswut@m histarsn tcnatar;énnfcumatuont obIfanhestsc epricgl aofl t he

fact t e oa in.1 m | ayer entr.ifuge lce
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det ect ienterpeses treagsporhasedcriipgsh dnlde ligestark ShicRlusl? vttt ddstnishid el‘lENeV' a
wi rel ess commruni cation through the wireless RF I C 188 provided on the thin

film cEHPIMAlRRE Gepeed qmum;erﬁ Hear ektain intosmetion feue\iw@m@ﬁhetﬂww dilror age
d / 1 t
Che. asoaitiibe HRTIE0R 1OUhE REHEVuERAE pr INSUATLAL e BRoBE MIF il on

as$oci aentlifuge drlvméoaasay site 132 obt ai ned by an i mage sensor 144 arranged
on the circuit substrate 140 to the central control device 101 or st orage

d 112 t/out put device 111 . Ref |
oy aset on_ dEoT 286 P R, Ffptrfoae devins cGaBIRRJPe Bna0BMEosBENortng di sc
hol e, WhetdssPRFf IOy frsscz,@ﬁpétewtr@téy rBBARs oPthediHif ﬁtmh'éahtﬁf‘apeede\ﬁc@ﬁ?sd on a

magnetic field wth a turn table 181 and i s designed such that vertical
novenmeMEBAY prevideddhewimat i on are al | owed. Ref erence nuneral 144a
indicates one or nmore light-enitting diodes (LEDs) to illumnate the inage

sensor, the i i 4 n,t 211
or equi pped oﬁ&g?h%ﬁ@féﬁgf @u‘eégg@éﬁkg#%%%é?@’&ﬁg hﬁgdgwgﬁp % d@ﬁL
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obt ai n

transmlts the results thus obtained to the central control device 101 or a storage

device 112 or an input/output device 111.

For the thin film centrifuge device according to one embodiment, the

input/output device may be a universal serial bus (USB) or IEEE1394 or ATAPI or

20  SCSI or a device having a communication standard of internet network. In addition,

user information, such as height, weight, gender and age, of the thin film centrifuge
device 100 can be input through the input/output device 111.

FIG. 2 illustrates an absorption pump provided between the terminal of the

liquid valve 7 and the assay site 132 with a sample pad 41a or an absorption pad

25  41b to transfer blood serum in the specimen chamber 131a to the assay site 132 by
an absorption force to absorb blood serum in the specimen chamber 131a through a

U- or V-shaped hydrophilic channel 7 according to one embodiment. The specimen
chamber 131a can be emptied by transferring blood serum in the specimen chamber

131a to the assay site 132 via the absorption pump. After specimens present in the
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reaction intensity of the assay site 132 as image information represented
by color intensity under illum nation of various wavel engths, and enabl es
guantitative or qualitative analysis of response results of the assay site
132 based on 2-di nensional correlation between the wavel engths and col or
intensity. The nmulticolor LEDs include R, G and B LEDs. Reference nuneral
107 indicates a | aser beam generator used to excite fluorescently | abel ed
specinens in the assay site. In this case, the imge sensor 144 enabl es

i mage information associated with the assay site to be obtained. Reference

numer al ¢ LA, LA & b”e?1%1§%t§18a€8ttﬁﬁ@rmevﬂa‘ufdﬁv5w&!?Uﬁosthé d¥sdl il 43201
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source nmay be an LD 20 nodule in which white light LEDs or RGB | asers or a
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showi ng a predeterm ned range of wavel ength distribution
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wavel ength. The desired wavel ength of |ight can be obtained using a
wavel engt h selHQ d@risandidehdewallesteatiyigha fithdayenednegntbifeige devitcedrive 180a
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according to one e e present |nvention. _ As shown in
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mrror ddder thehthin @il RGERSY E&mRTUJeedEVied dRde Mafd Ee dénttsl coppal abide 00
di fferent wavel engths n a topol ogi cal space. In order to collect specific

wavel entenstofagsndeviee 1 3mndrtbelinputéautpuibevier: 141 fa raiirelthe dhinfimdayered

separated . i.p th t.oaoi a 0, VAN - i - st S
sty gl VbR e e AREEHanded BROPRINGT Slsdray el e cdibal
t hr oughcditfols@sacsiay Ebsrdls REpindis! mbtodSIOZ & rbeitd vl betkebther thiatfilmg t he
grating mrror 43. That is, the desired specific wavel engths of
centrifuge device 100, controls movement of the bio optical pickup module (BOPM)
arranged on the slider 211 by control of the slide motor 109, and moves the
permanent magnet 5a for space-addressing the assay site 132 of the thin film

30 centrifuge device 100. The permanent magnet 5a can efficiently transfer an electric
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I'ight can be obtained by controlling the rotation angle of the grating

mrror 43. After the specific wavel engths of |ight thus obtained
pass through the assay site 132, the photodetector 46 neasures |ight
absorption, light transm ssion or color intensity of the specinen in the

analysis site to performqualitative or quantitative 20 analysis of
reaction results of the site specinen. Methods for qualitatively or
guantitatively analyzing the reaction results of the specinen include an
end point, rate assay, initial rate nethods, or the |like, which are known

in thefiald to a thin film-fPpEesyERGEcAI B Mt (3011 886 Fates) )l baB&ioﬁ,O%Hé?eeft?tfralt he
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speci meH59,is§R(F15h3bq5tRedterae qanvestiengl aperationsHer apties) disase fay example,
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t hr ough ?ﬁ'eesagb?gguéi (}f@%ﬁd&zﬁgbﬁﬁ gé( q%@f if(lrs:g r%ﬁ(glhgt éBper lﬂﬁ@gltro iﬁ%eéthg In
on#0 eneteneniat , an optical fiber may be used instead of the primary Hslit
and V-slit or secondary Hslit and V-slit. In one enbodi nent, hereinafter,

one of variou inations, of the light,10 .saqurce he l.ens, the primry
Hslit and V@‘I‘?@%b‘%ﬁ@ﬁ?‘i HRPY ! '?&8&”??B‘é’?ﬁﬁ%&?htr&\ég%pﬁi"ﬁ:ﬁgmﬂﬂ&gr 43,
the setDdeie/thih filn teAtBuds 8biite 490 i9WikhSNIRENsAMICR! thE idaetrantdhtrdie
referred to as a |ight source device 99a. The LD nodule and the R@& | aser

modul e dg¥gediGigingoudinthe wineless RF IC §88 arvthecthinifim tayeoed centiifuge devisge, t he
I'ight i -S| i fd.ed, 6,,10,8 illustrate a
B e T e R R e R e
this ffilnmayentd cénigitugiedévee 800e a00arisianbintfimosshtefibediewiy, of the present
i nvention. Reference nuneral 555 indicates a transparent opening to detect
t he phot odet ect or 46 . A . ) :
In‘one embodiment, detection results associated with the assay site 132 are
transferred via wireless communication through the wireless RF IC 188 provided on
the thin film centrifuge device 100 to the central control device 101, the storage
device 112 or the input/output device 111. The detection associated with the assay
20 site 132 may be carried out by transferring image information associated with the
assay site 132 obtained by an image sensor 144 arranged on the circuit substrate
140 to the central control device 101 or storage device 112 or input/output device 111.
Reference numeral 104 is a compression device of the thin film centrifuge device
100 loaded on a disc hole, which performs compression by means of attraction force,
25 Dbased on a magnetic field with a turn table 181 and is designed such that vertical

movement and no-load rotation are allowed.

Reference numeral 144a indicates one or more light-emitting diodes (LEDs)
to illuminate the image sensor, the image sensor 144 or the LED 144a is mounted on
the slider 211 or equipped on or under the assay site 132. In one embodiment, the

30 LEDs include multi-color LEDs to emit various wavelengths of light, which can obtain
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As shown in FIG 6, the photodetector 46 of the spectroneter 108 is 20
arranged on the thin filmcentrifuge device 100 and the |ight source device
99a is arranged thereunder. A plurality of assay sites 132 arranged in a
circunferential direction in the thin filmcentrifuge device 100 are
detected using the spectroneter 108 in which the |ight source device 99a
and the photodetector 46 are nodulated. In this case, as the thin film
centrifuge device 100 rotates, one to one correspondence 25 occurs between
the spectroneter 108 and each of the assay sites 132 provided in a

ci rcunt @Lefibh %teﬂgig\‘r?%? 98 dsBal el 182 ols! B e HiGinhatitsh Ae§enttA0hy tHIbe

realizing space a essing and detection. e neasurenent of i
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the respective assay site , to nmeasure light absorbance. In one
enbodi nemt integrateel. adtecRGBnigsef ist Aenadigaydesiices chyprisitigad lasare ¢o ieonit sedr ch

o B gitenandbheiath S5 AbAnG TSI BoweYs BPHESedstien it GRNETA0R 108
of various wavelengths of light required for specimen analysis. The LD module is a
module of a plurality of laser diodes (LDs) having different wavelengths. In

25 accordance with the LD module, light absorbance of the specimen at the
corresponding wavelengths of light are measured, while LDs to output the
corresponding wavelength of light are sequentially turned on. For the spectrometer,
it is important to obtain specific wavelength of radiation from the light emitted from
the light source. Monochromatic radiation is ideal, but in practice, this is very difficult.

30 Accordingly, for light showing a predetermined range of wavelength distribution,
monochromatization level can be represented by specifying the spectrum band width.

Sensitivity and resolution of measurement are proportional to the closeness of the
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30perfornmed prior to sequential detection of the assay sites 132 using the
spectroneters 108. The inmage sensor includes a CCD, a CMOS and a |ine imge
sensor for sensing light amount in pixel units. In one enbodinment, the line
i mge sensor includes a linear sensor array or a contact inage sensor

(CA'S). In one enbodi nent, the BOPM 103 including the i mage sensor can nove
the slider 211 to obtain inage information of the assay site. Prior to
detection of the assay site, space-addressing of the assay site by radial
direction search and azinuthal direction search performed by nounting the

spect r (gt ermbtedGRoranhé Nghisddies t Akintiy viReRaidtRr ﬂ'ﬁ@-dé:s!ir@@-w%ve?&ﬁ’gtﬂa%f
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enboa IR EOpalTh By 5P RERe it nae plfie stioa mimr 43, & V- or
U-shaped channel or a super-hydrophilic coated channel to operate the

l'iquid val ve.After the speEIfi@wéﬂeléﬁg%tﬁﬁ of TGEEthe8 WMtaitiel Mass RRGIUFRNHE RARAgr 131a
and the remmant chanber 131b of the thin filmcentrifuge device 100 of FIG

2, forsite [133¢ thex Plarfodetestareifi maasyses tightpahsesstion, light transmission or color
illust j roce I i_Chy, & r rred fr t he
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20 analysis of reaction results of the site specimen. Methods for qualitatively or
quantitatively analyzing the reaction results of the specimen include an end point,
rate assay, initial rate methods, or the like, which are known in the art.

Reference numeral 40 indicates a light source of the spectrometer 108 and

the wavelength selector includes a stepper motor 44 to control the rotation angle of

25 the grating mirror 43, a lens 42 to converge light generated from the light source and
the primary H-slit and V-slit 45a to convert the converged beam into a spot beam, the
grating mirror 43 to separate the spot beam into various wavelengths, and the
secondary H-slit and V-slit 45b to pass only a specific angle of beam (that is, specific

wavelengths of light) reflected from the grating mirror 43. The specific wavelengths

30



10 131b by rotation of the body 100 is separated into bl ood serum and
erythrocyte by centrifugation. In step 1, blood is transferred fromthe
sanpl e chanber 130 to the speci men chanber 131a and the remmant chanber
131b during initial rotation of the body and bl ood having a hei ght higher
than the height of a set-anmpunt channel 93 is noved to the excess chanber
131c by centrifugal force. In addition, blood cannot 15 be noved through
the liquid valve 7 to the assay site 132 and is thus retained in the
speci nen chanber 13la. Step 2 is an internediate state of centrifugation,
i n whi tiid ' I in
the T era R g i B WaciehS s agelcp £ tickRRthe
centri fagsaly $ite d82cand dighbyabsorptiaronf diie tdpechoely prasentsint thes asepaisiiesd i nt o

bl ood d t te., The 20, ceptrifugal t] f
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r emdantcarh&ebmeasarHs. at Naddds wavelengtbs dys passing earious uyevelengthreofr kaiant
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passage, allow ng bl ood serum and erythrocyte separated during
centrifugati orntohebemdodivhdmty anmeidaf filben inag pasedrinsteddobéve pBdary &i-t he
remmant chanber 131b. The remmant chapber 131b is arranged closer to the
ci r cunf it aRde/-shiRr Q%ngﬁ%ﬁnﬂ'ﬁaeﬁgﬁ’ﬁ@r 131a. For this reason, as a result

of centrifugation, erythrocyte is collected 30 in the remant chanber 131b

and bl ood serym b ephbRfihedt, RerlciitafeReehawst \Vé}ﬁiﬂ%eéomli)ﬁﬂatio%%f ﬁesrlyms, as

aresult of Step 2, a state in which erythrocyte is collected in th
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noved tmayheinglysegnsiityte theplighthseurce, deyicg 9% dndbis easenthe daiupeurse
bl ood s i t : ssay site 132 and fluids present in the bottle
neck chci%\ﬁg‘lf bé?@%ﬁg?ﬁg’nbmﬁnt chanber 131b are not noved to the assay
site 132 and remain therein. The anount of blood serum noved to the 10
assi@ site 13F|GS.deter8rillustiatyy at imetleot fort detbctimg dlde sssayn siteot 821 using be

speci nen chanber 13l1a. Such a _pheponenon is due to t foll owing  five
causes. spectrometerrn408,00p| dheelfin cﬂ'é'h n%?"té'buges e ail&? h%cct'q{mﬁ‘gf itPmone
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fluids present in the remant 131b are not noved through the
bot t | e tnacdparbainoEnibg to detdot theppbotodetadtamd®r 131a. Accordingly, transfer
of erythrocyte fromthe remant chanber 131b to the specinmen chanber 131la

can be preventgd. ,The re t.chanmber ,131b i s oVl ged r f..a
capillary tub %m '%ﬁ@r?ﬁt ﬂ?%c[&oéoi?%?f@a %e?feﬂw @bﬁﬁ%&ﬁg&p t ﬁgg .
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chanmber 131b and the erythrocyte inhibits eagégescape of erythrocyte from

t he renaangethdnereundsnbA phaesiity 198 assay iR dddsamangacdinitae cirewaldigntiale

neck, cnapuSlorth & P AR b B L0 OB b o M o AER
chamber 138 bwhith the light ketrcet deiscareda rpdntbe phetddetécter wbhareapoeulateal: dd
therel nth(ijsI E:;Isg,uf!lst the thin film centrifuge device 100 rotates, one to one correspondence
25  occurs between the spectrometer 108 and each of the assay sites 132 provided in a
circumferential direction in the thin film centrifuge device 100, thus realizing space
addressing and detection. The measurement of light absorbance of the specimen
solution in the plurality of assay sites using the spectrometer 108 is performed, after

the device is calibrated using a blank solution such that light transmission reaches
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25FIG 12 illustrates a bottle neck channel 67 according to one enbodi nent.
This detailed viewillustrates a cross-section of the bottle neck channel
67, based on a base line to join reference nunerals 67a and 67b.

The bottle neck channel 67 is conposed of two thin filmchannels, which are
formed by a first thin fil madhesive tape la to join an upper base materi al
Ito an internedi ate base material 2 and a second thin film adhesive tape
2a to join an internedi ate base material 2 to a | ower base material 3. The
bottl e neck channel 67 by forned by these two thin filmchannels provides a

passageo0en@ibht 88sBaMcE AN Ghie BMBRINhEROBKEDrTHEE dftRe m%iiggdf dgsapber

131a to_the remmant chanber 131b, or of blood serumfromthe remant
chanbefitagmaytinclude aslepk seltionahperber Saracalibratiom. cent ri fugati on. That i s,
the bottle neck channel 67 serves as a bottle neck channel to prevent fluid

er vt hr ocyt o dir i Bentet (5m 1O, IR aeBe]of F1C, B3 Pitichle 48 Pa8 hher oi

var i outntegratécd$n @h Upwerr basy kedateridi0! areart iaxedy isitetinethbothin 6fm acdnitiifeger spot
on theggo,r ous rrerrbrt?'ne according to one enbodinent. Hereinafter, each of

var? ouse¥isect 4% 250 hantRectameier | P& dr waychs it lohtssqusee dexiger Pagnd thest
li ne. hotodet%c!?@rf £ %gér’]i(jmdb‘ag‘aé&'in 4liBwiep s@ecﬁhaﬁﬁhefilﬁgvg%rgﬁ[@%{@%g%ﬁﬂo or a

conbi ngtl on there ref erence nunera S an
Ref er eiscarranged.allhé lspecHicavd éelpogtbs of fighb obtainedAfrgol theckytit wgatee davicenzynme

i nked,gnti body or | abel such a fl yorescent nmarker be deppsited in
a Iyopﬂp?i D WPHQSnthFhésﬁ%jsﬂﬁa?ﬁp%{ﬁ ?%@Mﬁﬂﬁﬁt%r@??%r%xl | e,

capt ur i el r i
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A1$0 3. thehassgyiiler e anti body can fix glutanine synthetase (GS), a 20specific
mar ker for Al zheinmer's. The capture can fix myocardial infarction antibody

mar kers such YV R0I-00] r ni , : Ln,Qne

enbodi nment , t'ﬁ@e ﬁég?ﬁﬁ%ﬁ;%ﬁ@e’\f ﬁﬁl%\&%goﬁ?&%obg”hﬁb@%?hcwo%eéﬁ?tﬁfse“ﬁracgﬁes for
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all er gi/hegnﬂ breast cancer tests are fixed on the porous nenbrane 41c may be

25 appHe@npodeiaqions 4018t arareser SUrminat MemePEEFBRNY one-to-one to the
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photodetectors 46 integrated in the thin film centrifuge device 100 are read by the
wireless RF IC 188 and are then wirelessly transmitted to the central control device

(101, see FIG. 1).

20 As shown in FIG. 8, the reflective layer 99b illustrated in the left image of
FIG. 7 is integrated in an upper base material 1, and a plurality of assay sites (132,
see FIG. 7) are arranged in a circumferential direction of the thin film centrifuge
device 100. The spectrometer 108 one-to-one corresponds to each of the assay
sites provided in a circumferential direction in the thin film centrifuge device 100 to

25 realize sequential detection by space-addressing. In this case, the light source
device 99a emits wavelengths of light suitable for the specimen in the respective
assay sites 132, to measure light absorbance. In one embodiment, space-
addressing of the assay site by radial direction search and azimuthal direction
search performed by mounting the spectrometers 108 on the slider 211 may be

30 performed prior to sequential detection of the assay sites 132 using the
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30rapid one-step nethod to perform processes including sanple dilution,

cl eaning and color-rendering (chronogenesis) based on reaction of
enzyme-conpl ex with a substrate involved in conventional nulti-step

i rnmunoanal ysis nethods. In addition, this nmethod can easily detect test
results wi thout using any specific apparatus, thus having advantages of
ease, high economc efficiency and rapid detection of test 5 results. The
capture anti body can fix, in addition to tunor nmarkers, antibodies for
reference and control lines. Plural reference |lines may be present. The

react! A LARARILIA166" 1Hle ﬁﬁ%é SERSGIRRIUIERS TIPS AV ght a/ﬁﬁ@%pgget e
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based mbBAintHrt! FHePBOPMM03PREIRY tHY PRALE LoRESMERNNIAR the' dkenedt one
and the test Il ne. I'n one enbodi nent, the test |ine conprises
qualsi t adbtaim omagridnformationeof the assdy site. bRsied tordateetiali of dherassaynsite,

r ti i nt ity bet th k .and th i . ) .

crbodi rACe-fdepEag 4THe SSmbRIe By T PraFTvLog7 e AR PGl diegtoli's”
per f or nguh by SEHAREN bPIMbOALHG WRe | SPRDhisterf 10Beor aRé diidee 21T piaghbe
linear function of reaction intensity fornmed by a plurality of reference

lines. p@farmgte enbodi ment, the test |ine conprises qualitative or
quantitative analysis perforned by determ ning reaction intensity of the

test 11ne thr gygl 2 diaPah fiiFiks iRfuid BN &) drblefiSiduld 1BhKkERS Blrihge

reference |line and The contro n one e di nent, " anti s to
capipur ecdritefgBién adczordingbiol bae cernbodiheent edfethen predeinb dnesrdioant iMhedligedt o

Froe PRIE FRRYEEPRANSIET G4rPIoed carutl b6 s Sia f192apraaap V- or B 7™
shaped channel 7 upon high-speed rotation of the body 100. In addition, FIGS. 9
and 10 are detailed views of the liquid valve 7. The liquid valve 7 is broadly divided
into two parts, i.e., an inward channel 7a and an outward channel 7b. The inward

15  channel 7a refers to a channel extended toward the center of the body (opposite to a
direction of the centrifugal force) and the outward channel 7b refers to a channel
extended toward the centrifugal force direction. The operation of the liquid valve 7 is
as follows. When the body 100 rotates at a high speed, the liquid leaked from the
specimen chamber 131a is primarily charged in the inward channel 7a. Once the

20 leaked liquid fills the inward channel 7a, centrifugal force acts in a radial direction
toward the liquid contained in the inward channel 7a, thus preventing further leakage
of the liquid from the specimen chamber 131a. Otherwise, the leaked liquid is
withdrawn to the specimen chamber 131a by centrifugal force. That is, when liquid is
leaked from the specimen chamber 131a upon high-speed rotation of the body 100,

25 further leakage of the liquid can be prevented due to the equivalence between the
force to further leak the liquid from the specimen chamber 131a and centrifugal force
inherently acting on the already leaked liquid. This prevention of the leakage of
liquid based on the centrifugal force acting on the leaked liquid is referred to as a

liquid valve operation in one embodiment of the present invention.

30 In one embodiment, the specimen chamber 131a may further be provided
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PSA to free PSA. Details of the total PSA and free PSA are known in the
art. In addition, free PSA may be immobilized on the test |ine and the
total PSA nay be i mobilized on the reference line. In another enbodi nent,
anti bodies to capture free PSA are immobilized on the reference Iine and
anti bodies to capture proPSA are imobilized on the test line, to

cal cul ate percent proPSA (% proPSA). The proPSA (% can be obtained by a
ratio of free PSA to proPSA. Details of the proPSA are known in the art.

Al ternatively, proPSA may be i mobilized on the reference line and the free

PSA mayt B JuiBPRidrés@sites bR &éh?%ltc} Ff&enﬁy@gg @é%%pro W&HrﬂPﬁggﬁgﬁ. 5 be

si mul t aneously cal cul ated by 1 mmD Zi ng A an PSA on
one porous mnenbrane. _ I n one enbodi nent, the reaction intensity can
be obtai ned floané eageodimeot, theilignid eplvesncitudes bguidotalves readizedtby aher eof
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based @alvihe quadratic rel ati onship between the various wavel engt hs and
color intensities. The reference line shows a positive response when the
specinen is diffused into the absorption pad 41b and may be used for

val Pdity of tEKzsIu§ianyinaage prowingdheespeciaenichambes 18dasantkthedresmnandi ent |
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speci meantifugativingamicess.sol uti on may be injected into the sanple pad 41la.
The fl ow t hrough-type porous nenbrane nmay utilize strips wherein various
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porous nenbrane 41c by the capillary phenonenon and is thus biochemcally

spéki f 18aP18y wéatinsdot the hedy 400us separateddyto hihed sesompanad erythboyie biyor

r onot | i i b n n m nal _of the, por nbr ane
o, APIrOR: 18 S8 1B R AR ERe b TR, e gl 3o thrs
case, specihienucithraberci Irnahdjties r@Anant eharmBers #8TH BulAg inifall rofdtR# dfaha gol d
conjugate, 25 an enzyne-ljnked antibody or a fluorescent naterial on the
conj uggpay g8 biord hakipma beighhhighsptharie hejokl ¢ffa sebameust ehanisl OSus
menbr a e Ir%%w" ' { & L0 ed, | <t he d 41a,
t he cl gg’r}{é #Smst(\)qlgu%%r?ga sortg%dlﬁ%lindng%ggﬁr%?% fgg%eﬂﬂa%pg't'gﬁf 1b E)g%e@é}:ﬁ&g t he
pot®us beembvexhthrddgh tye tiguid|Vadrey7 do thoassay sikeed 62 ramideisitals retaindaonrtdet o t he

capture _anti bo of hon-s ifically bound thereto 30 and t hereby renove
bankor SREUEh Clambent P St ade ARIBIIMECAE State of centifugation, n which

blood present in the specimen chamber 131a and blood present in the remnant
chamber 131b are independently centrifuged, based on centrifugal force caused by
rotation of the body and is thus separated into blood serum and erythrocyte. The
20  centrifugal force caused by rotation of the body induces independent centrifugation
of blood in the specimen chamber 131a and the remnant chamber 131b and allows
erythrocyte in the specimen chamber 131a to be moved through the bottle neck
channel 67 to the remnant chamber 131b. In addition, blood serum centrifuged in
the remnant chamber 131b is moved through the bottle neck channel 67 into the
25 specimen chamber 131a. That is, the bottle neck channel 67 provides a passage,
allowing blood serum and erythrocyte separated during centrifugation to be smoothly
moved from the specimen chamber 131a to the remnant chamber 131b. The
remnant chamber 131b is arranged closer to the circumference than the specimen
chamber 131a. For this reason, as a result of centrifugation, erythrocyte is collected

30 in the remnant chamber 131b and blood serum is collected in the specimen chamber
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I n one enbodi nent, the assay site 132 may be set by connecting the strip 41
to the termnal of the liquid valve 7 and a portion of the sanple pad 4la.

I n one enbodi nent, the detection of the assay site 132 using the inmge
sensor 144 conprises treating the upper base material 1 with a
non-transparent material or coating the sane with a non-transparent paint

to prevent |ight scattering by illum nation and noi se caused by damage to
substrates. In this case, for exanple, the transparency of the upper base
material nmay be 20 to 50% FIG 16 illustrates a thin film

cent i yge Slevieender 85 B RsblWidieh v, of @RS Y whicheentécpbds Foligagadni n
paral |l el on fterent’ sectors to performassay of various” 10 specinens with
r especttheoremrsanigihanszerp! &b Aind Heedskryms avdestes indhai spedirhen chamber
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herein I'\ﬁf][bgﬁiﬁé-ﬂBWS ﬁﬂ?‘@.ﬁ% fhe ﬁn?.ﬁéX/aWe Pl th&REsaPlsite 19X IwHEATtheBldy 10
anyl ase,” T-protein, albumn, glucose, T- 15cholesterol, triglycerides,

T- bid i rddesnotDotatei aftesicentrifupbtiar. et steprfe, only agivedetesmingd gmioentied blaad uri c
acid in bl ood. . __Reference nmeral s 2 132b, a 32d e
Resay STLET Ko perimeRdaETEET b1 A ReTBBSNa e ARePLals (on. THAid Qfbr e
speci Mefhe dradarhiFed aRfbuht 29BRIRI $1enPis0sbeBl aalthe e8shy ele ABL ArR$ fILIS

t hereof and to perform bi ochem cal 20 reactions with blood serum supplied

f r om t herespatinnids katberpeck chaanel®t and dee rempankehampeari 3t ase aot mgwed

val ve t rev : f ] gui ur+ i i

Ref er ent ﬁﬁﬁ?&?&@'%ﬁ??ﬂ irgé{agrgh%srgfaasgﬁ%ﬁﬁ%ﬁgfr%r g%rggrﬁ Hturr\%(raglo ﬂf%lc

i ndiocat ssa3siex ¢823 $s detarhened Byftheemmeuntusfelblabd sEbdm, stdfetbin thiedspeuitieh54d
25 indicate thin filmvalves. Reference nunerals 13a, 13b, 13c, 13d and 14
i ndi cat@auberetdla. During rotation of the body 100, blood stored in
t he sanpl e chanmber 130 is centrifuged. As a result, blood serumis stored

in the speci megy,Ghaphehodehdnad8due to the following five causes.

The bottle neck channel 67 is used as the thin film channel, strong capillary

action occurs when the body is not rotated, the fluids present in the remnant

15 chamber 131b are not moved through the bottle neck channel 67 to the specimen
chamber 131a. Accordingly, transfer of erythrocyte from the remnant chamber 131b

to the specimen chamber 131a can be prevented. The remnant chamber 131b is
provided in the form of a capillary tube chamber and erythrocyte stored therein
cannot be thus readily ejected. The bonding force between the surface of the

20 remnant chamber 131b and the erythrocyte inhibits easy escape of erythrocyte from
the remnant chamber 131b. When the body 100 does not rotate, the bottle neck
channel 67 is clogged by viscose blood serum, thus making movement of
erythrocyte stored in the remnant chamber 131b difficult. The remnant chamber

131b has no outlet, thus making movement of erythrocyte stored therein difficult.

25 FIG. 12 illustrates a bottle neck channel 67 according to one embodiment.
This detailed view illustrates a cross-section of the bottle neck channel 67, based on

a base line to join reference numerals 67a and 67b.

The bottle neck channel 67 is composed of two thin film channels, which

are formed by a first thin film adhesive tape 1a to join an upper base material 1 to an
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erythrocyte is stored in the remmant chanber 131b. Set-anount chanbers
140a, 140b, 140c and 140d are chanbers to supply a predeterm ned anount of
speci nens to the correspondi ng assay sites 132a, 132b, 132c and 132d, and
t he vol une of the set-anpbunt chanbers determ nes an anount of specinens
supplied to the corresponding assay site. The liquid valve 7 and a
concentric channel 9 are coated with a super-hydrophilic material and an
overfl ow chanber 132e is coated with a hydrophobic material. Accordingly,
when the body 100 does not rotate, the blood serumin the speci nen chanber

131a h}f‘Qél‘?ﬁ&!Ibfé:Bbgé( rﬁbl‘éWél DhaRY A sERShd it 'nngi ﬂnY%gH@SI%ﬁo%b@L% tE’JQSm a8 1 404

concentric channel 9. The set-anount chanbers 1
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th b | d th h th t h |
o 1o PRYOrREELBY  hBs ot S R, channBES BRtuded, & Hhstase SREBIALSaSH o T e
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are filled with the specinens he concentric channel 9 desi gned such
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channel S8 oy GefffyeBfiots aE; ErBaE' PR paddey PEVERCES Aifie
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and remain therein, and the specinmens filling the concentric channel 9 are

di schaPgetraenios fiped srrupyand eadhexitduringsoRNtH{ugainbr i f ugal force. Then,
the thin 20 fil mval ves 154a, 154b, 154c and 154d open to al |l ow speci nens

aspoct i ve asemoat o TasustIETRMS A0Bin Vil SARERIE (i Behis

bi 8¢ heafe fiked éadhé dagnaff a Hleescpespoteom thne tdmrowgmmbranmaomm'dmg)uﬁbnent
the thin bfl I m val ves .154a, 5h 154c an 15£él)gtare con rical I arranged
and t h§IPOdiIPYL HSIRITIYpEACT PhUATOWS SBREIRP OLi (ings BpaTker Baes Q5 5Pt 151t he

speci nmesferred o e et jikati vely or quantitatively anal yzed by neasuring
l'ight absorption of specinens in the assay sites 132a, 132b, 132c and 132d

using the spectroneter. In one enbodi nent, when the concentric channel 9 is
desi gned suchRelesenca numeral 4dsniseneoniugaierrach asampleurad, & sembinationcal

I
spoci minaest o ftelehobthithéral 1R 15 R ol T b D Kb B R A0 980 2 e
st 5 ed parunsrmembnamélemegmid domfuddte, ameezymedinkel|dmipotiher LrRdeEBUEH @S
channel g}éﬁver dro dJ’]ObI ¢c barrier formed in the overfl ow chanber
132e bf f ??‘iqfﬁd‘a?f m%/ gﬁ epositas dr |Ralvgebilized foran oneing erniedigmRad- 132¢.
I n oneTRERGGH RN robbh(?oﬁ&d?ﬂﬁl ré(%?ntlﬁéé@ ?ﬁﬂkéhéﬁéﬁofﬁﬁaﬁéﬁdn; %;pe ‘o

exanple, inclu val ves suc rst val ve orned In a
open/ cturser mpdmraglsawbe mgleqlmhfrohotme gmapscomlblstmg rof ARRNR&A VEEA, Uct9-as

ragnet 3 T ReCR8 RIS TS CRPRRC ariog o, bk uaiine syniieters LGS &1 &
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mechani cal force; valve open/close b centrl fugal force; valve open/cClose
by di sEwIrkemsEwchras @MDQ'@bfﬁ &dt-Mih apd Jeaparin | (Tnl).

In one embodiment, the test line wherein one or more markers or capture
probes for AIDS, myocardial infarction, residual antibiotics, residual pesticides,
allergy and breast cancer tests are fixed on the porous membrane 41c may be

25 applied to response tests using immunochromatography. Immunochromatography is
a test method wherein immunochemistry is combined with chromatographic assay,
which utilizes specific immune-response of antibody to antigens, color rendering and
flowability of colloidal gold particles, and transfer of molecules on the porous
membrane by capillary phenomenon. Immunochromatography is a convenient and

30 rapid one-step method to perform processes including sample dilution, cleaning and
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10 chem cal actions; open/close by shape nenory alloys restored to
ori gi nal shape by heat or chem cals; val ve open/close using air drops
generated by el ectrolysis; valve open/close using air drops generated by
heat; val ve open/cl ose by thermal expansion and contraction of m cro-beads;
val ve open/cl ose by electrostatic force; valve open/close by nmagnetic
force; valve open/close by |aser heat; valve 15 open/close using a
tenperature gradient; valve open/close of an actuator based on ultrasonic
waves; val ve open/cl ose based on a punp or physical pressure; valve

/cl - : al ve
open/ ¢ &ﬁ@r—@hd@?’uﬁé%&ﬁéfﬂgﬁe@gfezwrﬁ rEggg'i'ﬁd’rfi‘(‘dfe@n?ymifglﬂb‘i@r'iplékQ\K}lth a

frequency; capi I ¢ burst valves; val ve
open/ cl sagmstiaye mphed in ¢dnieshtioaadmuiti-stepoipeniicdasaysis metbhodal |oxgsiditidron and
contraction burst val ve us flow barrier
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inherent capillary action of the fluids. The assay sites 132a, 132b, 132c
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supi@r - hyaingfhi. | i c material, and can forma fluid flow barrier at the
interface wwth the assay site. Thin filmvalves including the burst valve

k in th t. ] | h nbodi t hin fil ral, .
be further prd0i 080 HEPREEREnin TRWER BieamarPriassorafiEte o auFalitevS ang
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the thin tilmvalve closes even upon non-rotation of the body 100, fluids
i n the thpdestline.chanber 131a do not flow to the assay site 132, and after
the thin filmval ve opens, fluids hydrophilic-flow through the liquid valve

7 to the assay_Si o ogdli i .A5S j rch
for measuri ng%hé}'gp%%ﬁpgﬁﬂ%@r q%ﬁ%n%ﬁé’??@é%?ﬂ%yg%oﬁ%/r(g‘{alhﬁ%aaﬁ he
r otqat i canAPEs daskdt e tihdidiffdrehte e néadtiongdtelesitycloetuaiencthiehisackigepyred andt or s
or gears connected thereto.
the test line.
In one embodiment, the test line comprises qualitative or quantitative
analysis performed by determining reaction intensity of the test line through a linear

function of reaction intensity formed by a plurality of reference lines.

20 In one embodiment, the test line comprises qualitative or quantitative
analysis performed by determining reaction intensity of the test line through a linear

function of reaction intensity formed by the reference line and the control line.

In one embodiment, antibodies to capture free PSA are immobilized on the

reference line and antibodies to capture total PSA are immobilized on the test line, to

25 calculate percent free PSA (fPSA%). fPSA(%) can be calculated as a ratio of total
PSA to free PSA. Details of the total PSA and free PSA are known in the art. In
addition, free PSA may be immobilized on the test line and the total PSA may be
immobilized on the reference line. In another embodiment, antibodies to capture

free PSA are immobilized on the reference line and antibodies to capture proPSA are
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I n one enbodi nent, azinuthal assay site search for neasurenent via the
spectroneter 108 can be carried out through the azinuthal valve search
process 15 perforned by arranging the thin filmcylindrical magnet for
searching assay sites on the circunference of the body, or by

space- addressi ng assay sites using a blank solution chanber during rotation
of the body 100 to sequentially neasure |ight absorption in the respective
assay sites during rotation of the body. In this case, the body further

i ncl udes a bl ack sol ution chanber having a dianeter equivalent to the 20
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speci nen chanber 131a to retain blood serumin the speci men chanber 13la
dur i ngthust kieckemiselly iseepifiaglly hbeded ke the dgpitoe sintibedy. oTaeabsanptiaropad ovi de

a hydr idic i I S transfer bl god .serumfromthe specinmen
25 cha%tgr]lobg{ad#%tﬂl%eﬁmﬁ&irﬁ%&ak%ela"%@ag Phi %itfeﬁp\?g] v(gst eSB%\?“’@%Sb and
166¢ t menmisrapendentAlyo salephjigbtepad seiybe icBnhdetet taisd earpie BHdf e tisianber
131d to a plurality of assay sites; and a hydrophilic channel 8 to transfer

00 1d to
bl ood S&turile HABGtPeRfaeBREries intaithe samRle PadiA itkedier 2 eold panibeptel 31d
t g coph PR Mkt fliocly Br #“AEBrdddEnt Mdiefial Bh Ak Véthidg8: pakP BRgP4d 155¢
open. Based“on these elenents, the
complex thus obtained is diffused into the porous membrane 41c. When a cleaning
solution is injected into the sample pad 41a, the cleaning solution absorbed on the
sample pad 41a is diffused into the porous membrane 41c by capillary action to
clean materials not bound to the capture antibody or non-specifically bound thereto

30 and thereby remove background noise from the porous membrane 41c.
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30thin filmcentrifuge device enables nultiplex assay of a single sanple.
In this case, transfer of blood serumfromthe speci nen chanber 13la to
the buffer chanmber 131d is carried out by alternately repeating a
hydrophilic fluid flow process through the liquid valve 7 and a fluid flow
process by centrifugal force. FIG 17 illustrates a stepw se process for
transferring bl ood serumfromthe 5 speci nen chanber 131la to the buffer
chanber 131d by alternately repeating the hydrophilic fluid flow process
using the liquid valve 7 and the fluid flow process by centrifugal force.

[n ostep L dulih e ShBbliRer! 1d 8sERKite B2 mE el stipLoMectlaPd &iRpUM | S

collected in the spécinmen cha la an ery hrocyte is coll écted in the
r emmant41Lt theaetramal 8lthe liquid valvel hasd egpdttionoé the sampledyadiéés. not rotate
after centrifugation, blood serumof the specimen chanber 13la is charged,
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based on centrifugal force caused by rotation of the body In step
4, @hermataaruad)@woat;ag dhe sema Wwith,a npadearss@amﬁtfnajmﬁ mh@reypebllgmrsqaﬁt&ﬁﬂer

131a I I ut n ain
t hr ougﬁmfﬂ n%mrhaﬁ%g%ﬂs&%ﬂﬁpﬁ%\/gg E{}S %ovesmﬁ% (En'%% E&:‘? er c anber
20131d.the transparéribysdfetﬁe@ppbvbé@@(ﬁhaténalrmei/ b%tZﬂ)ﬁ) 80%nd 4, the total blood
serum gradual | y flows fromthe speC| men chanber 13la to the buf f er chanber
131d. n thin f al. ve 1558 o . od serum
flows through Ft'ﬁ’e1ﬁy'ﬁ‘r'$§fﬂ't?§iactrB’P\Z'H'ﬁé?ené”ng@ WS wherelp £HE'WB'§V 033313&3%/0 t he
correspgpdl N8 8783 ranged in parallel on different sectors to perform assay of various

10  specimens with respect to a single sample, for example, processes required for a

lab-on-a-chip to assay biochemical reactions according to one embodiment of the

present invention.

The term “biochemical reaction assay” used herein includes for example,
assay of GOT, GPT, ALP, LDH, GGT, CPK, amylase, T-protein, albumin, glucose, T-
15  cholesterol, triglycerides, T-bilirubin, D-bilirubin, BUN, creatinine, |. phosphorus,

calcium, and uric acid in blood.

Reference numerals 132a, 132b, 132c and 132d are assay sites acting as
chambers for the biochemical reaction, which store specimens to analyze and
diagnose the biochemical reaction and results thereof and to perform biochemical

20 reactions with blood serum supplied from the specimen chamber 131a. Reference
numeral 7 indicates a liquid valve to prevent leakage of liquids during centrifugation
of blood.

Reference numeral 290a indicates a base hole, and reference numeral
131¢ indicates an excess chamber. Reference numerals 154a, 154b, 154¢ and 154d
25 indicate thin film valves. Reference numerals 13a, 13b, 13c, 13d and 14 indicate

outlets.

During rotation of the body 100, blood stored in the sample chamber 130 is

centrifuged. As a result, blood serum is stored in the specimen chamber 131a and
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25 site 132a, The buffer chanber 131d of FIG 17 nay be coated with a

super - hydrophilic material. In this case, blood serumcan readily flow from
t he speci men chanber to the buffer chanmber by operation of the absorption
punp. FIG 18 illustrates a state in which blood serumflows to

the assay site by centrifugal force as another enbodi nent different from
FIG 17. In this case, the thin filmvalves 155a, 155b and 155c may be a
hydr ophobi ¢ burst valve or a capillary tube burst valve. 5The thin film

val ves 155a, 155b and 155c are hydrophobic burst valves or capillary tube
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chanber 131a throulgh the liquid vaI ve 7 during centrifug g tion. Exces
di | ut ecBangli%and A eﬁ@tﬁmcruat coRmtiess 140af 1#0b,wis4®mandgll40ai aret fillegbwithrount

channe e 131 [ ow i mount of the

ai 1t o bretdTRhes B Soioaiie enanishof BroiBhafhsten 1haF 1 FER'S cofcan@ 5,

i 11815t ciatlesaral huscessives hbl‘tid@j@nbb@@@eﬁmm@allf@rcbfwrﬁ@eﬁit@fﬁih chasdh@inghgla is
charged_in the inward channel la and the outward channel 7b through the

li qui dafiar the goncandric chanpeldy i Eled withothe: sretimen Nt theopady i160f lotatest o a
T E0paERP R RO B o Py ARGl R e Bl "
channell 40d sarah deraainotianaing amhlatireebpéduhetnbrﬁlm théecdnicatirit wedveel1d sed t hen
hydr oleiSI grgfedotmoug% Eh%eowerzﬁow ct?ahrﬁl er 132e bg centrifugal force. Then, the thin
20 film valves 154a, 154b, 154c and 154d open to allow specimens to flow from the set-
amount chambers 140a, 140b, 140c and 40d to the respective assay sites 132a,
132b, 132¢ and 132d and thus induce biochemical reactions of the specimens with
reagents. In one embodiment, the thin film valves 154a, 154b, 154c and 154d are
concentrically arranged and thus simultaneously open. Then, biochemical reaction
25  results of the specimens can be qualitatively or quantitatively analyzed by measuring
light absorption of specimens in the assay sites 132a, 132b, 132¢ and 132d using
the spectrometer.

In one embodiment, when the concentric channel 9 is designed such that it

has a concentric circle and thus receive identical centrifugal force to rotate the thin

30 film centrifuge device 100, only specimens present in the set-amount chambers 140a,
140b, 140c and 140d are stored and remain therein, but the specimens filling the
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S5FIG 22 illustrates a phenonmenon wherein the specinmen and the dilute
solution are gradually transferred to the m xi ng chanber 131h through
repetition of a process for transferring fluids in the outward channels 7b
and 11b to the m xi ng chanber 131h based on centrifugal force caused by
rotation of the body and a process for filling the inward channels |la and
11a and the outward channels 7b and 10 11h with hydrophilic fluids, after
ceasing rotation of the body. Accordingly, the dilute solution is m xed
with the specinens in the m xing chanber 131h to produce a diluted

speci e - e r Ly S Hn hEN
and the&dﬁemrtlac Sc(t)\fahﬁ ?E% P gé'&%ﬁﬁtélgnﬁrﬁgmlk Eéq@vqogh%gpg‘t irﬂ't*-l'eon 0 \{Oﬁe
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centrifugal force, the specinmen is gradually mxed with the dilute solution
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the thin film |ayered centrifuge deyice drive 100a., Reference nunmeral 751
| ndi cat eeatorchRmisals; NalverpRen/FbRe IUSRg 8lf dreRe GENGHECH&Y LECHPSE: YARe
referen al 50a.:1 ngdigat Yt O n{s1l,9a i i

cont i 1o ABSeoystn i [HoRS; Bendratidyl ncaOTkalO2Pobfidse byt théima
cover texpearsian entopriteatibngof Mitro-bidaelsc valve opamsiosehay letaatrostaiicoforeeie
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i nventi on, in"filmlayered centrifuge device drive may optionally
conpr i seltrasopiadvayesewdlvdioppriftioserbases on a Py obRhysIcal SEesBiree yalve

conventional optjcal .discs. Referenc Onu i ndi f.f

but  on SRR PR Tidy, GanelERr e b aiirstdd by WRERhER BooBenth o
760 I ndigaAg Burdt valey; i%@(bﬁﬁ’oﬁi@_bﬁ?ﬁv‘#aﬁw?ﬁ; qeResopdritiosandy mutmetic fiug; t hi n
filmlayered centrifuge device drive. Alight-emtting diode or an LCD may
be usedand valve afentlage bydhesnalmeansiop and eiradionsd af spl ays whet her the
| oaded disc is a thin filmcentrifuge device or an optical disc, analysis

LA o oD ORI, BARLCTaiE RS B AT A Safor aoinad o i e
i nt er f aipterfavt datweersthe dtyerophibic oxivataet earvd tthet hgdmipbpbicn chhenbfesr mndf a
per cent in(c{u?;e’s ﬁyd?gghggig%mrgtrvaﬁvgé Svh%rrgiﬁr}luids cannot flow under centrifugal force
of a cutoff value or less, but fluids overcome a fluid flow barrier under centrifugal
force of a cutoff value or higher and move to the hydrophobic chamber. The fluid
25 flow barrier is formed due to the facts that hydrophilic fluids cannot readily pass
through a hydrophobic chamber and that the hydrophilic channel traps fluids based

on inherent capillary action of the fluids.

The assay sites 132a, 132b, 132¢ and 132d are hydrophobic chambers and
the thin film valves 154a, 154b, 154c and 154d use the hydrophobic burst valve. In
30 this case, the set-amount chambers 140a, 140b, 140c and 140d are chambers
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Ref erence nuneral 111 indicates an input/output device to realize automatic
or manual renote contact with a doctor of the corresponding field through
an internet 20 network and to renote-transmt diagnosis results and
guestionnaires to the doctor, if necessary. Then, patients wait for a
prescription fromthe doctor. The thin filmlayered centrifuge
device drive shown in FIG 8 may further conprise a speaker, a noving-i mge
canera and/or a mcrophone. In the case of non-advanced cancers, a |evel of
tunmor markers in bl ood does not increase, and in 25 the case of early

cancer goafed Git8la %fu_prﬂ?HrdBNIiéeﬁw%térfhlg%aﬁadcéﬁ fott By ﬂuﬂsﬂé\kg@%rﬂég‘;ég%@nd 't

i ncreases and positive fatio thereo SO I ncreases, a

pr ogr edderface whitb tbatasdaynsite, Tihakfilg viahies inaadingnthe mossvalee are dnpwnhia
centri ;u(%g device conprises statistical software to historically mnage
det ect rb 'ti'esults derived fromquantitative analysis of the assay site to
provide information associated with regular trace 30di agnosis to a user.

I n addi tion, innamdterahmdidirasht, o fhn filth Valve Malyaye ether Ptblidbl dsetdR¥hce
drive may further conprise software to read and ana:st%ze t he response

res®l t 3NdAWard ChARNSIze2 RE e liqeidovalye i and @nr ewliss fdhe mpesimer ahmbeark

gr oups S: [ n e kLnEn t i ilmlayered
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fi |l m cestation wjehdebodye100, fluids in Ale afpeaimest chaaiberhes &f doendtofidyg totthe t hi n
filmlayered, c S&rif gﬁ dﬁl\g e f";md an anal ysi s nethod using the sane

accor d?%@aX Bte e@l‘ﬂfg e tﬁ‘ﬁ]/ e valys apeas: tuigshydranhiiciéow deough theagnose
and defg; il ogi cal and/or chemi cal materials in

flui dsylﬁggc\%h?sm? f ab- on- aé-?%hjlp‘?oé,)' protein chips and DNA 10chi ps. For

exanple, the thin filmcentrifuge device nay be applied to integrate
cetdrifuge deWi eee iembadiment,| mzihgtbal sassayasite oreanmhi doralmMEEsWRIDG the DVDs.

Alth dj { f th t o ti h b . and
Gescri oo 0% el B SeBid PELBh ST RoURS SRF o @lor e SEhe i hanges
may becemititudedéVies asipgtihdist@iper mbtohoot geRaidnnagtdd erdtpe principl es and
spirit of the invention, the scope of which is defined in the clainms and

their equival ents. ] . ) .
In one embodiment, azimuthal assay site search for measurement via the

spectrometer 108 can be carried out through the azimuthal valve search process
15 performed by arranging the thin film cylindrical magnet for searching assay sites on
the circumference of the body, or by space-addressing assay sites using a blank
solution chamber during rotation of the body 100 to sequentially measure light
absorption in the respective assay sites during rotation of the body. In this case, the
body further includes a black solution chamber having a diameter equivalent to the
20 assay site to store the blank solution. The light absorbance of specimens in the
respective assay sites is measured, after the spectrometer is calibrated such that
light transmission of the blank solution is 100% (light absorbance: 0). The light
absorbance of the blank solution is always zero, thus enabling sensing of the blank
solution chamber during rotation of the body and thus realizing space-addressing of
25 the assay sites based on the blank solution chamber.

The embodiments may also be applied to thin film centrifuge devices for
processes associated with a lab-on-a-chip to perform enzyme-linked immunosorbent
assays (ELISAs) or chemical luminescence immunosorbent assays (CLISAs).
Various embodiments thereof are known in the art.
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VWHAT IS CLAI MED | S: 1. Athin filmcentrifuge device conp a sanple
inlet to inject a sanple; a sanple chanber to store the sanple injected
into the sanple inlet; 5a specinen chanber to store a speci nen obtai ned
fromthe sanple during centrifugation; a remmant chanber to store a
remmant et her than speci mens produced during centrifugation; a
bottl e neck channel to connect the specinen chanber to the remant 10
chanber; one or nore assay sites in which a capture probe to be bound
to the specinmen is i mobilized and/or reagent for biochem cal reactions

W th the spechipangdodimEQe: may | be also aRPﬁ’eé kG SRnCRRTREAtriGgE @lchREek fdpbri s

not bound to the capture probe a was S5process; a rotatable
hydr oprmbcmskasdyssamamd avitht emdaats-anm-ehlprfberesmlhai rmlnplde asraybeand residual

Do B Sesalds G TBR koSt RE el d4BD, SRR Haldlt B B et
to trangéfhydd€os PEC cBRIpUtECMbMtOrS RASIoMENs reported to the servers of the
5 corresponding government offices or food enterprises through automatic or manual
remote-access thereto using an internet protocol based network, or test results and
histories are stored in a memory of wireless RF ICs (electric tags). The
corresponding government office can detect residual pesticide and the food
enterprises can obtain purchase information of fresh crops and livestock products. In
10  addition, the corresponding government office links this information on a web, to
provide information for purchasing fresh crops and livestock products for consumers
by direct transaction. Enzymes and markers for assaying residual pesticides contain
enzymes and markers for assaying pesticides contained in enzymes, vegetables or
fruits, for example, the most-generally used organophosphorus and carbamate
15 insecticides. The enzyme may include acetylcholinesterase (AChE). Various
embodiments thereof are known in the art.

FIG. 17 illustrates an assay site 132 different from that of FIG. 2 as another

embodiment of the thin film centrifuge device 100.

In this case, the thin film centrifuge device further comprises a plurality of

20 assay sites 132a, 132b and 132c to provide biochemical reaction assay or
immunological analysis using the strip 41; a liquid valve 7 to temporarily store the
specimens of the specimen chamber 131a to retain blood serum in the specimen
chamber 131a during rotation of the body, when the body does not rotate, and to
provide a hydrophilic fluid flow passage to transfer blood serum from the specimen

25 chamber 131a to the buffer chamber 131d; thin film valves 155a, 155b and 155¢ to
independently supply blood serum in the transferred buffer chamber 131d to a
plurality of assay sites; and a hydrophilic channel 8 to transfer blood serum through
hydrophilic fluid flows from the buffer chamber 131d to the corresponding assay site,
when the thin film valves 155a, 155b and 155¢ open. Based on these elements, the

30 thin film centrifuge device enables multiplex assay of a single sample. In this case,
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20 chanber to the assay site upon non-rotation of the body, the fluid flow
devi ces selected fromthe group consisting of a hydrophilic fluid flow
punp, a chanber punp, an erythrocyte punp and an absorption punp; and

a liquid valve coated with a super-hydrophilic nmaterial, to provide a
passage to connect the specimen chanber to the assay sites, allow ng the
speci nen retained in 25 the speci nen chanber during centrifugation to flow
to the assay site by the fluid fl ow device upon non-rotation of the body.
2. The device according to claim1l, wherein the liquid valve conprises an

i3nwar dtraRgrnedf RBEdaderat ﬂ@ﬁ'ﬂtt&‘é‘%ﬁ@@i'mérp CBQHBe?a‘th aOLo he g%g%r cﬁgmbﬁ‘re

. The device according to claim wherel n an sor bent , a sanp

or a sdpéd-isgarrigshpul by ciamzielyi reppating aechlydrophitie fluichowepnocass thrbughef
i quidgyval inl : t he ass site. tg.transfer the specinen from
t he spgﬁallfi"ﬁd ?ﬁ&ﬁbag?n? @efi%gfﬂg\gsoﬂcg?% S?mﬂ"ﬁégagtﬁ?fé’?'- hydr ophi | i ¢ chanber,
based on an absorption force to absorb the specinen reaching the term nal

of the liquidP@l vRillustrates a stepwidd Brotssder BaASfeinpPbloddPeriim flomftHet her
conprising a thin filmvalve provided between the liquid valve and the

out? et SBECINGD sharPaer SdRpEe buffer chamber 13Ad ke ditemnaielyorepeatng dhel ai m
L TurhOslophARPRLE % Brotels M ind HodiBAR 72800 #l BURCASWIBEBSL bl°

store e S speci men sanpl'e Pprese € Speci nen ¢ ¢ _
The deveotifagatdordeng to claim 1, wherein the remant chanber is a capillary

t ube chanber. 15
In step 1, during rotation of the body after centrifugation, blood serum is

pad

collected in the specimen chamber 131a and erythrocyte is collected in the remnant
10 chamber 131b.

In step 2, when the body does not rotate after centrifugation, blood serum of
the specimen chamber 131a is charged, through the liquid valve 7, into the inward
channel 7a and the outward channel 7b and hydrophilic-flows to the buffer chamber
131d.

15 In step 3, blood serum in the outward channel 7b flows in the buffer
chamber 131d based on centrifugal force caused by rotation of the body.

In step 4, when the body ceases rotation, blood serum from the specimen
chamber 131a is charged in the inward channel 7a and the outward channel 7b
again through the liquid valve 7 and then hydrophilic-flows in the buffer chamber

20 131d.

In step 5, by repetition of steps 3 and 4, the total blood serum gradually
flows from the specimen chamber 131a to the buffer chamber 131d.

In step 6, when the thin film valve 155a opens, blood serum flows through

the hydrophilic channel 8 from the buffer chamber 131d to the corresponding assay

25 site 132a. The buffer chamber 131d of FIG. 17 may be coated with a super-

hydrophilic material. In this case, blood serum can readily flow from the specimen
chamber to the buffer chamber by operation of the absorption pump.
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7. The device according to claim1l, wherein the body conprises one or nore
chanbers selected fromthe group consisting of cleaning chanbers, m xing
chanbers, buffer chanmbers and substrate chanbers. 208. The devi ce according
to claim1, wherein the bottle neck channel conprises two or nore thin film

channel s. 9. The device according to claim8, wherein the thin
fil mchannels are fornmed between base naterial |ayers to constitute the
body by a channel -shaped 25thin film adhesive tape, 10. The device

according to claiml1, wherein the body conprises an upper base material, an

i ntermedi ate gﬂ@emﬁﬁlﬁ‘é&é’ths%@ta?e i@ Wi BROJTBE @i ?IbWé*let’heaé&dyaéﬂé"B?ed in

this order an dhered to one another, 30wherein the body furtheér
conpri sceentrifugal foree iasramthen embodimend Wﬁereat frapeFIGufiTnalindbisbeasse e thie

ace. B} VANOE o S TRPC LGS el det Aul a pRrooG rst vaReZO0E Gardiy n'

filmadgsip(pst 3.l am nat ed between the internedi ate base material and the
| ower base nmaterial; to adhere the internedi ate base material to the | ower
base materi al . 11. The device according to claim 10, wherein the

ﬁu(tj)é')t rate is J&ﬁ)ﬂ%@(ﬂ"’ﬂfvaé\fesl ¢a%4, b’iﬁ,b §éﬁeﬁ®daﬂer bYAroRBORIERSLYANEE O ng of
ro f
ooty e e Bl yBlvercRimeR 6f b 16! MBAPRL D TorB8 T iftertace

ol ef i n Isstp@kYTEes Wulmruhapney@arcbatw Qvuth a hydro‘p’hlthlmatdﬂai candidher di ng
to claiml, wherein the assay site cq a paro or a strip

in whi ddraehekischasbsrothe agsay sitg) 1324, 2bSP:§ 13?ﬁeuéﬁ$@e{lﬁa?@mpﬁ6'e{o
clai m Ly 000eh8b8 defgmBhot $RFPAL § &nftifugal force less than a predetermined cutoff

10  value and allows blood serum to overcome the fluid flow barrier and then flow to the
assay site 132a, 132b or 132c at a centrifugal force of the predetermined cutoff value
or higher. In this case, the centrifugal force of step 3 may be applied in a level lower

than the centrifugal force to overcome the fluid flow barrier.

FIGS. 19 to 22 illustrate stepwise processes of the thin film centrifuge
15 device further comprising a dilute solution storage chamber, as compared to the
embodiment shown in FIG. 17. Reference numeral 131e indicates a dilute solution

storage chamber to store a dilute solution.

FIGS. 19 and 20 illustrate a phenomenon in which the dilute solution stored

in a dilute solution storage chamber 131e flows to a buffer chamber 131f upon

20 opening of the burst valve 150, while specimens in the specimen chamber 131a are
centrifuged. In this case, the dilute solution stored in the buffer chamber 131f is
retained by the liquid valve 11. Similarly, specimens in the specimen chamber 131a

are also retained in the specimen chamber 131a through the liquid valve 7 during
centrifugation. Excess dilute solution in the buffer chamber 131f flows through a set-

25 amount channel 10 to an excess chamber 131g to allow a desired amount of the

dilute solution to be stored in the buffer chamber 131f.

FIG. 21 illustrates a process in which blood serum in the specimen chamber
131a is charged in the inward channel 7a and the outward channel 7b through the

liqguid valve 7, when the body ceases rotation, and hydrophilic-flows to a mixing
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15 wireless RF I C having one or nore functions selected fromthe group
consi sting of tenperature neasurenent, assay site detection, storage and
transm ssion of assay site detection results, personal privacy encryption,
identification (I D) storage and transm ssion of the thin filmcentrifuge

device, test date storage and efficient period storage. 20 14. The
device according to claim13, further conprising a wireless electric wave
generator to supply power to the wireless RF IC. 15. The device

according to claim 14, wherein the wireless electric wave 25 generator
conpr i sREmdeRUBY hpqh%daﬂrdmrmet 2mm1@rtaté§aq1?8€é§ i \mcﬁ'tﬁetdwu’fe eHitiBAt 1N

an i nduction coil provided in the wreless an alternating magnetic
field geths Hufar wamheat’i&‘drﬁ ISchhtar@cbml;an mward cmmnerhéaom\d @0 actwardi ng to

or epar Ene TPt FoR A, bhd S Thend T AYBRRYARCLSus R Rifbe: ” an

anpl i f caamben18gnber to anpli fy the DNA and RNA; and a fragnentation
chanber to fragment the arnplified DNA to a predeterm ned |ength,

17. The device according to claim16, wherein the body further conprises
5 FIG. 22 illustrates a phenomenon wherein the specimen and the dilute

solution are gradually transferred to the mixing chamber 131h through repetition of a
process for transferring fluids in the outward channels 7b and 11b to the mixing
chamber 131h based on centrifugal force caused by rotation of the body and a
process for filling the inward channels 7a and 11a and the outward channels 7b and

10 11b with hydrophilic fluids, after ceasing rotation of the body. Accordingly, the dilute
solution is mixed with the specimens in the mixing chamber 131h to produce a
diluted specimen.

In the process for gradually transferring the specimen and the dilute
solution to the mixing chamber 131h via repetition of the hydrophilic fluid flow
15  through the liquid valve and fluid flow based on centrifugal force, the specimen is
gradually mixed with the dilute solution to maximize mixing efficiency between these
fluids. Hereinafter, the mixing of the specimen with the dilute solution is referred to
as a gradual mixing during the process for gradually transferring the specimen and

the dilute solution to the mixing chamber 131h.

20 Closing strength of the hydraulic burst valve is determined, based on an
adhesion area of a thin-film adhesive tape, when holes are clogged by the thin film
adhesive tape, and a valve to allow the thin film adhesive tape to be detached at a
disc rotational speed (centrifugal force) or higher to overcome the closing strength
and thereby open the hole.

25 The burst valve may be, for example, a hydraulic burst valve, which is
known in the art.

FIG. 23 illustrates a thin film layered centrifuge device drive 100a to front-
load or top-load the thin film centrifuge device according to one embodiment of the

present invention. The thin film centrifuge device 100 may be loaded on the thin film
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S5 athin filmcylindrical nmagnet or thin filmferromagnetic netal particles
to space-address the preparation chanber, the anplification chanber, the
fragnentation chanber, the assay site or the m xing chanber. 18. The device
according to claim 17, wherein the space-addressing is 10carried out by
radi al direction searching and azi nuthal direction searching. 19.
The device according to claim 17, further conprising one or nore selected
fromthe group consisting of tenperature neasurenent devices, heating

devi ces and cooling devices to control tenperatures of the chanbers. 15

20. ThededCeertffRfeid\icd aridé a00h1 RefbRIREMUMEal et ¢ hidietesfa 41 RBAY
site is Carried out using a detector selected fromthe %r oup consisting of

opt i cal thirefisnlayesed ceotrifegs dericeudtivegand gferancensumetd! J80adadigataseatray

eeanarita e ahS TR Jh b Belin AT The T 6k inge MR R DA TRERE 7508 .

appar at M&ﬁ:%té’élé dohet WEéﬂéﬁn'ttﬁﬁldaiimi‘@ whedrotet esledlobens, the holéh70Tdftheevi ce
accor di ng toclaim?7 urt her conprisin etic mcro-beads contal ned in

t he 5m xihiy filth aepéifuge sievige may %vﬁw@egrprath%wﬂ tahle: Bpsefdomadgadingd
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slider to induce mxin iquids in the mX|I %cha 30
film layered centrifuge dewce drive may optionally Tomprise a "reading/searching
button 745 or a stop button 746 to read conventional optical discs. Reference

10  numeral 744 indicates an on/off button of the thin film centrifuge device drive.

Reference numeral 760 indicates a display device to show a process state

and mode of the thin film layered centrifuge device drive. A light-emitting diode or an

LCD may be used as the display device. The display device 760 displays whether

the loaded disc is a thin film centrifuge device or an optical disc, analysis results or a

15  main process state of the thin film layered centrifuge device drive. Alternatively, the

display device 760 displays a graphical user interface and a process rate in
accordance with the step in the form of a percent (%), a bar graph or a pie graph.

Reference numeral 111 indicates an input/output device to realize automatic
or manual remote contact with a doctor of the corresponding field through an internet
20 network and to remote-transmit diagnosis results and questionnaires to the doctor, if

necessary. Then, patients wait for a prescription from the doctor.

The thin film layered centrifuge device drive shown in FIG. 8 may further
comprise a speaker, a moving-image camera and/or a microphone. In the case of
non-advanced cancers, a level of tumor markers in blood does not increase, and in

25 the case of early cancers, a level of tumor markers in blood is within a normal range
and it increases and positive ratio thereof also increases, as the tumors progress. In
one embodiment, taking this fact into consideration, the centrifuge device comprises
statistical software to historically manage detection results derived from quantitative
analysis of the assay site to provide information associated with regular trace

30 diagnosis to a user.
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22. The device according to claim7, further conprising: magnetic

m cr o- beads contained in the m xing chanber; a slider novable in a | ower
part of the body; and a pernmanent nagnet nounted on the slider, to
attract the nmagnetic m cro-beads and thus nove the magnetic m cro-beads,
wherein the permanent magnet is naintained on the correspondi ng dianmeter in
the m xi ng chanber and the body is rotated to i nduce novenent of the
magneti c m cro-beads, thereby mxing of the liquids in the m xing chanber.
23. The device according to claim1l1, further conprising a set-anount

chamber coat edn whtlition, FUR®S embdHAREA tHe A Bink flyePedl caneMisentiite deannel
coated 10with a super-hydrophilic material, wherei n the set-anount

chambeMa¥% fyrias pispdse sofiwere ttheregdnaehtanalyzsh timaesponse: resultssand 4ot e,

var ve, SPRYZTOREE b BREfAE Rindter BRARRESEr R SRl el feo al T ow the

specinen to 15 remain in the set-anmount chanber by rotation of the body and
t he speci men Alsof imeorn®ambiodirhents tranthén filho Idyerek temteifiee dyvicediive buoak force

and_t here tore the resigdual  specinen, after the set-anount chanber and
thescoﬁ@@mé?a'@g&ﬁé’ﬁﬁt&al M’?g Pfé@ t!cm?ﬂm Wtﬁﬁlg@iqﬁéﬂﬁe-v\hi le the specinen in
t he speci nen chanber hydrophilic-flows through the concentric channel. 20

24. The devi CRs afffiréh | i ' : j i
set - anount cha?rber 5vgpﬁggﬁn€g@t ﬁfed??f%m f %\;e\fhﬂqaﬁlpﬁ é?pﬁggﬁ't@@tﬁgﬁv? ﬁe

set - anB0dt an Fanalsis anethod eusieg dessamebycansdingi faugake émbodingente metyete by
rotati ngf?éd ttgethm-)fﬂ% %'églictegetrc]) Iilla%W(S)sie narH1 %e?esc?ag ssrriuglfa'amount of biological
and/or chemical materials in fluids, such as a lab-on-a-chip, protein chips and DNA
10  chips. For example, the thin film centrifuge device may be applied to integrate
centrifuge devices in thin film discs such as conventional CD-ROMs or DVDs.

Although a few embodiments of the present invention have been shown
and described, it would be appreciated by those skilled in the art that changes may
be made in these embodiments without departing from the principles and spirit of the

16  invention, the scope of which is defined in the claims and their equivalents.
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25 25. An analysis nethod using a thin filmcentrifuge device conprising:
a sanple inlet to inject a sanple; a sanple chanber to store the sanple
injected into the sanple inlet; a speci men chanber to store a
speci nen obtained fromthe sanple during 30centrifugation; a remant
chanber to store a remmant rather than speci mens produced during
centrifugation; a bottle neck channel to connect the specinen
chanmber to the remant chanber: an excess chanber to store excess
speci nen exceeding a predeterm ned anount of the specinen chanber; 5one or

nor e as\ﬁﬁyAﬂg ?AIME‘WIS;h a capture probe to be bound to the specinen is
i mmobi l1zed an reagent for biochem cal reactions with the specinen is

st or ed; a liquid valve coated with a super-hydrophilic material, the
l'i quid val velf or mddthamfilan patstsia@ deviconaeyrisinge speci nen chanber to t he
assay sites; 10a r to (iol | ect debris not bound to the capture

probe by a cf SARIAY i Irge Cé@@‘: afgmpie

a sample chamber to store the sample injected into the sample inlet;

5 a specimen chamber to store a specimen obtained from the sample during
centrifugation;

a remnant chamber to store a remnant rather than specimens produced
during centrifugation;

a bottle neck channel to connect the specimen chamber to the remnant

10 chamber;

one or more assay sites in which a capture probe to be bound to the
specimen is immobilized and/or reagent for biochemical reactions with the specimen
is stored;

a trash chamber to collect debris not bound to the capture probe by a washing

15  process;

a rotatable hydrophobic body in which the sample inlet, the sample chamber,
the specimen chamber, the remnant chamber, the trash chamber, the bottle neck
channel and the assay site are integrated;

one or more fluid flow devices to transfer the specimen from the specimen

20 chamber to the assay site upon non-rotation of the body, the fluid flow devices
selected from the group consisting of a hydrophilic fluid flow pump, a chamber pump,
an erythrocyte pump and an absorption pump; and

a liquid valve coated with a super-hydrophilic material, to provide a passage to
connect the specimen chamber to the assay sites, allowing the specimen retained in

25 the specimen chamber during centrifugation to flow to the assay site by the fluid flow

device upon non-rotation of the body.

2. The device according to claim 1, wherein the liquid valve comprises an
inward channel and an outward channel to form a U- or V-shape.
30
3. The device according to claim 1, wherein an absorbent pad, a sample
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a rotatabl e hydrophobi c body in which the sanple inlet, the sanple chanber,
t he speci nen chanber, the excess chanber, the trash chanber, the bottle
neck channel and the assay sites are integrated; 15the nethod conprising:
injecting a sanple into the sanple chanber through the sanple inlet;
transferring the sanple fromthe sanple chanber to the speci nen chanber and
the remant chanber based on centrifugal force generated by rotation of the
body and noving the residual sanple to the remant chanber, when the sanple
is 20 present in an anmount exceeding a predeterm ned | evel of the specinen
chanbepad or a supeRhybfdillRIchARbERPbRVIdEd BEWRRSE HE ferFhIARIST trﬁ‘a"ﬁ?&iﬂe
remmant chanber baséed on centrifugal force generated by rotation of the
body, H8leaand e idgteof theeastayanité etar tragsfendhe espeaimenrfamarthei spadiraen

speci er, through, the, bottl e neck channel to .the, remant chanber, or
the_spehnfBRTRF e F e lin i neb A5 SR aBee e BERDRBRnel ¢ 0
t he spesrcard apbamae;specimen FedbhtitHel terhifabnthe RIiEREKEMEN retained in
t he speci men chamber through the l'iquid valve to the assay site when the

body ceases rotation: and bi ndi ng the specinmen present in the

assay site o th kN a .SiLte . hiochem cally
r eac%/i ng t hg' Sm?ﬂ@ézﬁé&#{g@?@ﬁ%éﬁ?@@ I[]hfad'ﬁie a@oﬁﬁ%@bé_a 2@'." ﬁ?’Iﬁ‘evﬂlﬁfhod
accor dprayided béaieerbe liquid elve @adnhé sutigt eitdenpetintercbie@nbag sol ution to

clean the assay site, or rotating the body to dry and dehydrate the assay
site. 27. The nethod according to claim?25, further conprising one

or nore opekat i offheSgbHEs eskddr@fly to claim 1, further comprising a set-amount

10 channel and an excess chamber to store excess specimen or sample present in the
specimen chamber.

6. The device according to claim 1, wherein the remnant chamber is a
capillary tube chamber.

15
7. The device according to claim 1, wherein the body comprises one or
more chambers selected from the group consisting of cleaning chambers, mixing
chambers, buffer chambers and substrate chambers.
20 8. The device according to claim 1, wherein the bottle neck channel

comprises two or more thin film channels.

9. The device according to claim 8, wherein the thin film channels are
formed between base material layers to constitute the body by a channel-shaped
25 thin film adhesive tape.

10.  The device according to claim 1, wherein the body comprises an upper
base material, an intermediate base material and a lower base material which are
laminated in this order and adhered to one another,

30 wherein the body further comprises:
a first thin film adhesive tape laminated between the upper base material and

the intermediate base material, to adhere the upper base material to the intermediate
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isolating DNA or RNA; anplifying the DNA, fragnenting the anplified DNA to
a predeterm ned I ength; and 10l abeling a marker on one term nal of DNA
28. The device according to claim1l1l, wherein the remmant chanber conprises

nei ther a channel nor an outlet to allowliquids to flowin or |eak out,

except the bottle neck channel. 15 29. Athin filmcentrifuge device

for realizing a multiplex assay with a single sanple, conprising: a sanple
a sanple chanber to store the sanple injected
20a speci nen chanber to store a speci nmen obtai ned
from t hgssappli&rislush§g centrifugation; a remmant chanber to store a

inlet to inject a sanple;
into the sanple inlet;

remmant rat her than speci nens produced during centrifugation;
bottl e neck ahseuoed thin dimnadhesives tape tAmimatech debeeen dhe hietermediate 2Ge

chanber ;

10

15

20

25

30

material and the lower base material, to adhere the intermediate base material to the

lower base material.

11.  The device according to claim 10, wherein the substrate is composed
of at least one selected from the group consisting of hydrophobic materials, silicon
wafers, polypropylene, polyacylate, polyvinylalcohol, polyethylene, polymethyl
methacrylate (PMMA), cyclic olefin copolymers (COCs) and polycarbonate.

12. The device according to claim 1, wherein the assay site comprises a

porous membrane or a strip in which the capture probe is fixed.

13. The device according to claim 1, wherein the body comprises a
wireless RF IC having one or more functions selected from the group consisting of
temperature measurement, assay site detection, storage and transmission of assay
site detection results, personal privacy encryption, identification (ID) storage and
transmission of the thin film centrifuge device, test date storage and efficient period

storage.

14. The device according to claim 13, further comprising a wireless electric

wave generator to supply power to the wireless RF IC.

15. The device according to claim 14, wherein the wireless electric wave
generator comprises a multipole permanent magnet to generate an electric current in
an induction coil provided in the wireless RF IC by an alternating magnetic field

generated by rotation of the body.

16. The device according to claim 1, wherein the body further comprises:

a preparation chamber to prepare DNA or RNA from blood serum obtained
from the specimen chamber;

an amplification chamber to amplify the DNA and RNA; and
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a liquid valve coated with a super-hydrophilic material, to provide a
hydrophilic fluid passage to retain the specinen in the speci nen chanber
during rotation of the body, specinen and nove the specinen to the specinen
chanber upon non-rotation thereof; 30a buffer chanber to tenporarily store
t he specinmen in the speci men chanber by alternately repeating a hydrophilic
fluid fl ow process through the liquid valve and a fluid flow process by
centrifugal force; one or nore assay sites in which a capture probe
to be bound to the specinen is immobilized and/or a reagent for biochem cal

reactions watfadhien@Bea dRmber BtRaGHent the anplitiéd DNA 't@é’@ké/a%téﬁniﬁaep' y
the speci nen present in the buffer Cchanber to the assay sites: a

r ot at alfingtihydr ophobi ¢ body in which the sanple inlet, the sarrbl e chanber,
t he speci men chanber, the remant chanber, the trash chanber, the bottle
neck channel and the assay site are integrated; and a hydrophilic

channel i nt e7poseThdaeviegactbriifytd erirhh@gieraittthicNsoAsRMhes icbfhpriss
hydrophilic-flow the specinen fromthe buffer chanber t'o the assay site,

wheh t Bethimifilms eylindyigal magpeh$r thin film fggompgaetie vingtal articlas g srAGE-ai m
30, whepgiddct t hi i ' . ' V, illary
t ube b%pgt \§a Ve'ﬂ?li@alja'tlbﬁﬂ' X%SG*AS‘P% %*&ﬁ'ﬁ%}@nﬁpgﬁpﬁ é@%ﬁ%‘%‘%ﬁtaﬁg& i zing
a mul t chhmbentbayseay biteios thegméxisgopambeconpri sing: a sanple inlet to
i nject a sanple;
18. The device according to claim 17, wherein the space-addressing is
10  carried out by radial direction searching and azimuthal direction searching.

19. The device according to claim 17, further comprising one or more
selected from the group consisting of temperature measurement devices, heating
devices and cooling devices to control temperatures of the chambers.

15

20. The device according to claim 1, wherein the detection of the assay
site is carried out using a detector selected from the group consisting of optical
measurement devices including light transmission measurement apparatuses,
fluorescent detectors, spectrometers, surface plasmon resonance (SPS) detectors,

20 illuminators and image sensors, laser beam apparatuses and photometers including
photodetectors.

21. The device according to claim 7, further comprising:
magnetic micro-beads contained in the mixing chamber;
25 a slider movable in a lower part of the body; and
a permanent magnet mounted on the slider, to apply attraction force to the
magnetic micro-beads and thus move the magnetic micro-beads,
wherein the magnetic micro-beads are moved in accordance with movement
of the slider to induce mixing of liquids in the mixing chamber.
30
22. The device according to claim 7, further comprising:

magnetic micro-beads contained in the mixing chamber;
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a sanple chanber to store the sanple injected into the sanple inlet, 20a
speci nen chanber to store a specinen obtained fromthe sanple during
centrifugation; a remant chanber to store a remant rather than
speci nens produced during centrifugation; a bottle neck channe
to connect the specinmen chanber to the remmant 25 chanber; a dilute

sol ution storage chanber to store a dilute solution; a hydraulic
burst val ve provided in an output of the dilute solution storage chamnber,
the hydraulic burst valve opened by a fluid pressure generated by rotation

of the body; §E Feibl |eqﬁng’8%rg gtcﬁqubgaklynétore the speci men noved in

t he speci nmen chanber ter nat repeating a hydrophilic fluid flow
process thr oalgiertﬁaaeht cmaghetalnmen’aaddoa theusliief, towafirant eébe Mpgoetit micwgal

force; uid vaI ve coated with super-hydrophilic material, to
provi deb%a%%rﬂ@mﬂqqmevw o q ﬁd'%'cfcbbﬁég%i n the specinmen in the specimen

chamber durigy nEeFé?ﬁ hé ‘Eﬁ'érr%néﬁte H%htﬁ%d%ﬁtﬁ@%@rrbgﬁoﬁdlﬁgld@rﬂefé? the

speci men cha upon ' non-r ot at er eof a mXxi n? hber to
per fsor rﬁn@hednadngmham@eaaddttbaﬂndyny rgtade@@@ induagr mevemeyn @Mhe@asm@tlc

speci men.anq the dilute sal utian halternat t|t|on of a
hydr Ophqureq}qa‘gisdg]qr WB}”SEgé)é?l? b%‘ﬂ R HE P9 8%@?’%@ and a fluid flow
process by centrifugal force; one or nore assay sites in which a

capture probe to be bound to the 10 specinmen is inmmobilized and/or a
reagent for BiBochdiiecdeviceasceuainanie reldine s pltihes ramprising ej; set-amount

chamber coated with a super-hydrophilic material and a concentric channel coated
10  with a super-hydrophilic material,
wherein the set-amount chamber is interposed between the concentric
channel and the assay site,
wherein the concentric channel is connected to an outlet of the liquid valve,
the device further comprising an overflow chamber to allow the specimen to
15  remain in the set-amount chamber by rotation of the body and the specimen in the
concentric channel to be extracted by centrifugal force and thereby store the residual
specimen, after the set-amount chamber and the concentric channel are filled with
the specimen, while the specimen in the specimen chamber hydrophilic-flows
through the concentric channel.
20
24, The device according to claim 23, wherein the specimen of the set-
amount chamber overcomes the fluid flow barrier formed between the set-amount
chamber and the assay site by centrifugal force generated by rotation of the body
and then flows in the assay site.
25
25. An analysis method using a thin film centrifuge device comprising:
a sample inlet to inject a sample;
a sample chamber to store the sample injected into the sample inlet;
a specimen chamber to store a specimen obtained from the sample during
30 centrifugation;
a remnant chamber to store a remnant rather than specimens produced

during centrifugation;

53



athin filmvalve to supply the specinmen present in the buffer chanber to
the assay sites; a rotatabl e hydrophobic body in which the sanple
inlet, the sanple chanber, 15 the speci nen chanber, the remant chanber,
the trash chanber, the bottle neck channel and the assay site are

i ntegrated; and a hydrophilic channel interposed between the buffer
chanber and the assay , to hydrophilic-flow the specinen fromthe buffer
chanber to the assay site, when the thin filmval ve opens. 20 32. The

device according to any one of clainms 1, 12, 26, 30 and 32, wherein the

assay site gomBftieSpecR dHarpdl qepédHr%cPrtﬁéesﬁébuﬁea' HeEmBEF §6 the! Féifindrth (%0
1PSA) or percent proPSA (ToproPSA).
chamber;
an excess chamber to store excess specimen exceeding a predetermined
amount of the specimen chamber;

5 one or more assay sites in which a capture probe to be bound to the
specimen is immobilized and/or reagent for biochemical reactions with the specimen
is stored;

a liquid valve coated with a super-hydrophilic material, the liquid valve formed
on a passage to connect the specimen chamber to the assay sites;
10 a trash chamber to collect debris not bound to the capture probe by a cleaning
process; and
a rotatable hydrophobic body in which the sample inlet, the sample chamber,
the specimen chamber, the excess chamber, the trash chamber, the bottle neck
channel and the assay sites are integrated;
15 the method comprising:
injecting a sample into the sample chamber through the sample inlet;
transferring the sample from the sample chamber to the specimen chamber
and the remnant chamber based on centrifugal force generated by rotation of the
body and moving the residual sample to the remnant chamber, when the sample is
20 present in an amount exceeding a predetermined level of the specimen chamber;
centrifuging the sample in the specimen chamber and the remnant chamber
based on centrifugal force generated by rotation of the body, and at the same time,
transferring the remnant present in the specimen chamber through the bottle neck
channel to the remnant chamber, or the specimen from the remnant chamber
25  through the bottle neck channel to the specimen chamber;
hydrophilic-flowing the specimen retained in the specimen chamber through
the liquid valve to the assay site when the body ceases rotation; and
binding the specimen present in the assay site to the capture probe present in
the assay site, or biochemically reacting the specimen with a reagent in the assay
30 site.

26. The method according to claim 25, further comprising adding the cleaning

54



10

15

20

25

30

solution to clean the assay site, or rotating the body to dry and dehydrate the assay

site.

27. The method according to claim 25, further comprising one or more
operations selected from:

isolating DNA or RNA;

amplifying the DNA;

fragmenting the amplified DNA to a predetermined length; and

labeling a marker on one terminal of DNA.

28. The device according to claim 1, wherein the remnant chamber
comprises neither a channel nor an outlet to allow liquids to flow in or leak out,

except the bottle neck channel.

29.  Athin film centrifuge device for realizing a multiplex assay with a single
sample, comprising:

a sample inlet to inject a sample;

a sample chamber to store the sample injected into the sample inlet;

a specimen chamber to store a specimen obtained from the sample during
centrifugation;

a remnant chamber to store a remnant rather than specimens produced
during centrifugation;

a bottle neck channel to connect the specimen chamber to the remnant
chamber;

a liquid valve coated with a super-hydrophilic material, to provide a hydrophilic
fluid passage to retain the specimen in the specimen chamber during rotation of the
body, specimen and move the specimen to the specimen chamber upon non-rotation
thereof;

a buffer chamber to temporarily store the specimen in the specimen chamber
by alternately repeating a hydrophilic fluid flow process through the liquid valve and a

fluid flow process by centrifugal force;
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one or more assay sites in which a capture probe to be bound to the
specimen is immobilized and/or a reagent for biochemical reactions with the
specimen is stored;

a thin film valve to supply the specimen present in the buffer chamber to the
assay sites;

a rotatable hydrophobic body in which the sample inlet, the sample chamber,
the specimen chamber, the remnant chamber, the trash chamber, the bottle neck
channel and the assay site are integrated; and

a hydrophilic channel interposed between the buffer chamber and the assay
site, to hydrophilic-flow the specimen from the buffer chamber to the assay site,

when the thin film valve opens.

30. The device according to claim 30, wherein the thin film valve is a
hydrophobic burst valve or a capillary tube burst valve.

31. A thin film centrifuge device for realizing a multiplex assay with a single
sample, comprising:

a sample inlet to inject a sample;

a sample chamber to store the sample injected into the sample inlet;

a specimen chamber to store a specimen obtained from the sample during
centrifugation;

a remnant chamber to store a remnant rather than specimens produced
during centrifugation;

a bottle neck channel to connect the specimen chamber to the remnant
chamber;

a dilute solution storage chamber to store a dilute solution;

a hydraulic burst valve provided in an output of the dilute solution storage
chamber, the hydraulic burst valve opened by a fluid pressure generated by rotation
of the body;

a buffer chamber to temporarily store the specimen moved in the specimen
chamber by alternately repeating a hydrophilic fluid flow process through the liquid

valve and a fluid flow process by centrifugal force;
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a liquid valve coated with a super-hydrophilic material, to provide a hydrophilic
fluid passage to retain the specimen in the specimen chamber during rotation of the
body, specimen and move the specimen to the specimen chamber upon non-rotation
thereof;

a mixing chamber to perform gradual mixing and temporary storage by
gradually moving the specimen and the dilute solution through alternate repetition of
a hydrophilic fluid flow process through the liquid valve and a fluid flow process by
centrifugal force;

one or more assay sites in which a capture probe to be bound to the
specimen is immobilized and/or a reagent for biochemical reactions with the
specimen is stored;

a thin film valve to supply the specimen present in the buffer chamber to the
assay sites;

a rotatable hydrophobic body in which the sample inlet, the sample chamber,
the specimen chamber, the remnant chamber, the trash chamber, the bottle neck
channel and the assay site are integrated; and

a hydrophilic channel interposed between the buffer chamber and the assay
site, to hydrophilic-flow the specimen from the buffer chamber to the assay site,

when the thin film valve opens.
32. The device according to any one of claims 1, 12, 25, 30 and 32, wherein

the assay site comprises a fixed capture probe to analyze percent free PSA (%
fPSA) or percent proPSA (%proPSA).
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