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Description

Technical Field

[0001] Apparatuses consistent with exemplary em-
bodiments relate generally to a centrifugal micro-fluidic
device for detecting analytes in a liquid specimen and,
more particularly, to a centrifugal micro-fluidic device for
detection of analytes from a liquid specimen with im-
proved sensitivity. wherein a repeated flow of a liquid
specimen induced by both capillary force and centrifugal
force enhances reaction efficiency.

Background Art

[0002] In order to cause a fluid to flow or move in a
micro-fluidic structure of a micro-fluidic device, a driving
pressure is generally required. The driving pressure may
be a capillary pressure or pressure generated using an
additional pump. In recent years, clinical diagnostic an-
alyzers have been proposed that are designed to enable
detection of a target material present in a small amount
of fluid in simple and economical ways. One example is
a centrifugal micro-fluidic device having a micro-fluidic
structure mounted on a circular disc-type rotational plat-
form such as a lab-on-disc and/or a lab compact disc
("CD").
[0003] Lab-on-disc, meaning "laboratory on a disk" is
a CD-type device in which various experimental units are
integrated for analysis of biomolecules used in a labora-
tory in order to execute several experimental processes
including, for example, isolation, purification, mixing, la-
beling, assaying and/or washing of a sample on a small
disc. Upon introduction of a biological sample, such as
blood, into a micro-fluidic structure placed on a disc, the
CD-type device may advantageously transfer a fluid such
as a biological sample, a chemical reagent, etc. Centrif-
ugal force alone may be used to induce driving pressure
and transport the fluid without additional driving systems.
[0004] Recently, the use of a ’lap-on-a-chip’ for blood
analysis has been investigated for its ability to rapidly
obtain a variety of information from blood samples col-
lected from clinical cases. As a result, a rapid-chip or a
rapid-kit has been developed. For such a rapid-chip or
rapid-kit, several processes are executed in only a reac-
tion part of the rapid-chip or rapid-kit, including: combi-
nation of a material to be analyzed (that is, an analyte)
with a detectable signal generator; combination of a com-
posite of the analyte and the detectable signal generator
(referred to as "detectable signal generator-analyte com-
plex") with a capture binder and washing thereof; and the
like. However, since the analyte is primarily combined
with the labeling reagent, a large amount of labeling re-
agent is required, although this requirement is seldom
satisfied in view of practical aspects. In addition, if the
analyte does not fully react with the labeling reagent, an
un-combined portion of the analyte and the detectable
signal generator may be combined with a capture binder

present on a test line, in turn competitively inhibiting the
detectable signal generator-analyte complex from being
bonded to a control line or test line. Furthermore, com-
bination of the analyte and each reagent is terminated
within only a single fluid sample stream in one direction,
thus resulting in insufficient combination and causing de-
crease in sensitivity and difficulties in quantitative anal-
ysis. The kit does not have an active device for controlling
a re-lysis rate of the detectable signal generator and,
therefore, the detectable signal generator is excessively
re-lysed by a constant volume of a fluid sample flowing
thereto, thus causing waste of the detectable signal gen-
erator at an early stage. On the other hand, re-lysis of
the detectable signal generator is drastically reduced in
a later stage, thus entailing difficulties in sensitive detec-
tion of the analyte.
[0005] WO 2006/121266 A1 describes a digital bio disc
with a lab-on-a-chip for various diagnostic assays, nu-
cleic acid hybridization assays, or immunoassays. The
digital bio disc comprises a valve control means and fluid
movement system.
[0006] WO 2008/016271 A1 describes a thin film
chemical analysis apparatus including at least one cham-
ber adapted to store a fluid necessary for biological or
biochemical analysis. The apparatus further includes
channels for fluid connection of the chambers and holes
arranged between or inside the channels and connected
to the channels. The apparatus further includes a rotat-
able body having the chamber, channels and the holes
integrated into the body, and a burst valve having a seal-
ing means for closing the hole and sealing a fluid in the
chamber. The sealing means are torn away from the hole
by centrifugal force resulting from rotation of the body
and opening the hole.

Disclosure of the Invention

Technical Problem

[0007] One or more exemplary embodiments provide
a centrifugal micro-fluidic device for detection of analytes
from a liquid specimen with improved sensitivity wherein
a repeated flow of the liquid specimen induced by a com-
bination of capillary force and centrifugal force enhances
reaction efficiency.

Solution to Problem

[0008] The problem is solved by the centrifugal micro-
fluidic device according to claim 1.
[0009] In an example, there is provided a centrifugal
micro-fluidic device including: a rotational body; at least
one micro-fluidic structure including multiple chambers,
at least one channel through which the multiple chambers
are connected with one another and at least one valve
opening and closing the at least one channel; wherein
the plurality of chambers include a reaction chamber
where a detectable signal generator is combined with an
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analyte of a liquid specimen to create a detectable signal
generator-analyte complex, and an analysis chamber lo-
cated downstream from the reaction chamber; wherein
the analysis chamber includes a detection region where
a capture binder is combined with the detectable signal
generator-analyte complex; wherein the detection region
includes one of porous membranes, micro-pore struc-
tures and micro-pillars; and a detection unit.
[0010] According to an aspect of another example,
there is provided a centrifugal micro-fluidic device includ-
ing: at least one micro-fluidic structure having multiple
chambers, at least one channel through which the mul-
tiple chambers are connected and at least one valve for
opening and closing the at least one channel; wherein
the plurality of chambers comprise a reaction chamber
where a detectable signal generator is combined with an
analyte of a liquid specimen to create a detectable signal
generator-analyte complex, and an analysis chamber lo-
cated downstream from the reaction chamber; wherein
the analysis chamber includes a detection region where
a capture binder is combined with the detectable signal
generator-analyte complex; wherein the at least one
valve controls the transportation of the fluid between the
reaction chamber and the analysis chamber; wherein the
detection region includes one of porous membranes, mi-
cro-pore structures and micro-pillars; and a detection unit
detects absorbance the detection region of the reaction
chamber.
[0011] According to an aspect of another example,
there is provided a centrifugal micro-fluidic device includ-
ing: a rotational body; at least one micro-fluidic structure
having multiple chambers, and at least one channel
through which the multiple chambers are connected to-
gether; wherein the plurality of chambers include a reac-
tion chamber where a detectable signal generator is com-
bined with an analyte of a liquid specimen to create a
detectable signal generator-analyte complex, and an
analysis chamber located downstream from the reaction
chamber; wherein the analysis chamber includes a de-
tection region where a capture binder is combined with
the detectable signal generator-analyte complex; where-
in the detection region includes one of porous mem-
branes, micro-pore structures and micro-pillars; and a
detection unit which detects absorbance the detection
region of the reaction chamber.
[0012] The capture binder and the detectable signal
generator may be selected from deoxyribonucleic acid
(DNA), oligonucleotide, ribonucleic acid (RNA), RNA
aptamer, peptide nucleic acid (PNA), ligand, receptor,
hapten, antigen and antibody; however, they are not par-
ticularly limited thereto.
[0013] The analysis chamber includes a holder which
carries a fluid provided from the reaction chamber.
[0014] The detection region may contact the holder at
one end of the holder.
[0015] The detection region includes a test region to
which the capture binder is fixed, as well as a control
region located downstream of the test region relative to

a direction for capillary action apart from the test region
by a distance.
[0016] A section of the detection region including the
test region and the control region may be inclined in the
direction of capillary action.
[0017] The plurality of chambers may further include a
stoppage chamber which is located downstream of the
analysis chamber relative to a direction of centrifugal
force to receive the liquid specimen from the analysis
chamber.
[0018] The detectable signal generator in the reaction
chamber is contained in a liquid or dried solid state.
[0019] The detectable signal generator may include
polymeric beads, metal colloids, enzymes, fluorescent
materials, luminous materials, super paramagnetic ma-
terials, materials containing lanthanum (III) chelate, pol-
ymeric nano-particles, or radioactive isotopes.
[0020] The detection unit may detect and assay a de-
tectable signal generator-analyte complex combined
with the capture binder.
[0021] The detection unit may include a light source
unit and a light receiving unit, such that the light receiving
unit is aligned with the light source unit to accept light
emitted from the light source unit that passes through the
analysis chamber.
[0022] According to an aspect of another example,
there is provided a method of analyzing an analyte in a
liquid specimen, including: injecting the liquid specimen
into a micro-fluidic structure of the micro-fluidic device,
centrifuging the liquid specimen to obtain a supernatant;
transporting the supernatant into a reaction chamber in
which a detectable signal generator is contained; com-
bining the analyte in the supernatant with the detectable
signal generator to create a detectable signal generator-
analyte complex; subjecting the micro-fluidic device to
centrifugation; transporting the detectable signal gener-
ator-analyte complex into an analysis chamber, wherein
the analysis chamber is located downstream of the re-
action chamber, and wherein the analysis chamber in-
cludes a detection region to which a capture binder is
fixed, and wherein the detection region includes porous
membranes, micro-pore structures or micro-pillars; mov-
ing the and wherein the analysis chamber by capillary
force to an end of the analysis chamber; combining the
detectable signal generator-analyte complex in the su-
pernatant with the capture binder in the analysis cham-
ber; applying centrifugal force to the micro-fluidic device
to deliver the supernatant moved to the end of the anal-
ysis chamber to a front end of the analysis chamber and
simultaneously combining the detectable signal genera-
tor-analyte complex in the supernatant with the capture
binder in the analysis chamber; and detecting the detect-
able signal generator-analyte complex combined with the
capture binder.
[0023] The movement of the supernatant from an end
of the analysis chamber to the other end of the analysis
chamber may proceed at least two times.
[0024] The analysis chamber includes a holder which
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carries a fluid provided from the reaction chamber.
[0025] The detection region may contact the holder at
one end of the holder.
[0026] For the centrifugal micro-fluidic device, the mi-
cro-fluidic structure may further include a stoppage
chamber which is located downstream of the analysis
chamber relative to a direction of centrifugal force to re-
ceive the liquid specimen from the analysis chamber.
[0027] The detectable signal generator in the reaction
chamber is contained in a liquid or dried solid state.
[0028] The detectable signal generator may include
polymeric beads, metal colloids, enzymes, fluorescent
materials, luminous materials, super paramagnetic ma-
terials, materials containing lanthanum (III) chelate, pol-
ymeric nano-particles, or radioactive isotope elements.
[0029] Before detecting the detectable signal genera-
tor-analyte complex, the liquid specimen contained in the
analysis chamber may be transported into the stoppage
chamber so as to stop a reaction between the detectable
signal generator-analyte complex and the capture bind-
er.

Advantageous Effects of Invention

[0030] As is apparent from the above description, com-
pared to any conventional technique using capillary force
applied in a single direction to react the fluid with a fixed
reagent, a 2-fold increase in reaction time is achieved,
in turn, remarkably enhancing reaction sensitivity.
[0031] Further, after the fluid is completely shifted to
the regions by a second application of capillary action,
the fluid may be again delivered into the holder using a
second application of centrifugal force generated by ro-
tation of the micro-fluidic device so that a portion of the
analyte-first reagent complex which was not combined
by the second capillary action may be repeatedly sub-
jected to reaction. In one example, a reaction cycle is
repeated for the desired number of repetitions so as to
sufficiently conduct the reaction, thus considerably im-
proving detection sensitivity of analytes.

Brief Description of Drawings

[0032] The above and/or other aspects will become
apparent and more readily appreciated from the following
description of the exemplary embodiments, taken in con-
junction with the accompanying drawings, of which:

FIG. 1 is a schematic view illustrating the construc-
tion of a micro-fluidic device according to an exem-
plary embodiment;
FIG. 2 is a schematic view illustrating the construc-
tion of a micro-fluidic structure in the micro-fluidic
device shown in FIG. 1;
FIG. 3 is a detailed view illustrating a sample cham-
ber;
FIG. 4 is a detailed view illustrating a sample sepa-
ration unit;

FIG. 5 is an enlarged view illustrating micro-pillars
formed in a detection region according to an exem-
plary embodiment;
FIG. 6 is a side view illustrating an analysis chamber
according to another exemplary embodiment;
FIG. 7 is a block diagram illustrating a test system
according to an exemplary embodiment; and
FIG. 8 is a flow chart explaining a method for detec-
tion of an analyte from a liquid specimen using a
micro-fluidic device according to an exemplary em-
bodiment.

Best Mode for Carrying out the Invention

[0033] Hereinafter, and practical methods thereof will
be exemplary embodiments will be described with refer-
ence to the accompanying drawings. However, the in-
ventive concept may be embodied in various other forms,
which are not particularly restricted to those described
herein.
[0034] One exemplary embodiment provides a centrif-
ugal micro-fluidic device for detection of an analyte from
a liquid specimen, which includes a rotational body; at
least one micro-fluidic structure having multiple cham-
bers, at least one channel through which the multiple
chambers are connected together and at least one valve
for opening and closing the channel; and a detection unit,
wherein the device also has a reaction chamber for re-
ceiving a detectable signal generator to be combined with
the analyte in the liquid specimen and an analysis cham-
ber that is located downstream of the reaction chamber
and includes a detection region to which a capture binder
to be combined with a detectable signal generator-ana-
lyte complex is fixed, and wherein a fluid transported be-
tween the reaction chamber and the analysis chamber
is controlled by the above valve and the detection region
includes porous membranes, micro-pore structures or
micro-pillars.
[0035] A test sample may include, for example, DNA,
oligonucleotide, RNA, PNA, ligand, receptor, antigen, an-
tibody, milk, urine, saliva, hair, a crop sample, a meat
sample, an avian sample, a livestock sample, a proc-
essed food sample, an oral cell, a tissue sample, sperm,
protein or other bio materials; however, the test sample
is not particularly limited thereto. Such a sample may be
used in a liquid or fluid state by dissolution using a buffer
solution. The analyte may include, for example, protein,
antigen, antibody, DNA or RNA, oligonucleotide, recep-
tor, and the like; although the analyte is not particularly
limited thereto. For a urine sample, the analyte may be
blood, glucose, ascorbic acid, ketone, protein, sugar, uro-
bilinogen, bilirubin, etc.
[0036] FIG. 1 is a schematic view illustrating the con-
struction of a micro-fluidic device according to an exem-
plary embodiment, while FIG. 2 is a schematic view illus-
trating the construction of a micro-fluidic structure ac-
cording to an exemplary embodiment.
[0037] A rotational body 10 used in one exemplary em-
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bodiment may include a circular disc-type platform 20
(see FIG. 1). However, a shape of the platform 20 is not
particularly limited to a circular disc form. The platform
may be formed using acryl or other plastic materials, each
of which is easily formable and has a biologically inactive
surface. However, a raw material for fabrication of the
rotational body is not particularly limited and may include
any materials with chemical or biological stability, optical
transparency and/or mechanical workability.
[0038] At least one micro-fluidic structure 30 may be
provided on the platform. For instance, after partitioning
the platform 20 into several sections 30, 40, separate
micro-fluidic structures 31, 41 may be placed independ-
ently of one another on the sections 30, 40, respectively.
FIG. 1 shows a particular platform 20 having two micro-
fluidic structures 31, 41 formed thereon.
[0039] The term "micro-fluidic structure" used herein
refers to a general structure which consists of a plurality
of chambers, channels and valves and induces a fluid
flow, instead of a particular structural substance. There-
fore, the "micro-fluidic structure" may form a specific unit
with different functions or performances according to fea-
tures such as the arrangement of chambers, channels
and/or valves, and/or kinds of materials received in the
structure.
[0040] Accordingly, the micro-fluidic device may be
widely used in various applications, such as detection of
various chemical compounds, environmentally harmful
substances, blood analysis, urine testing, antigen-anti-
body response-based immunoassay, search of novel
drug candidates based on ligand-receptor binding, DNA/
RNA analysis, and so forth. Further, the micro-fluidic de-
vice may simultaneously detect and analyze at least two
analytes.
[0041] The platform may be fabricated using at least
one material selected from a variety of materials, such
as plastic, polymethylmethacrylate ("PMMA"), glass, mi-
ca, silica, a silica wafer material, etc. The plastic material
is used in view of economic merits and simple workability.
Potential plastic materials may include polypropylene,
polyacrylate, polyvinylalcohol, polyethylene, polymethyl-
methacrylate, polycarbonate, etc.
[0042] A fluid sample, a buffer solution, a reactive so-
lution, etc. may be transported into separate chambers
using centrifugal force generated by rotation of the rota-
tional body 10. The rotational body 10 has a rotational
driver D for high speed revolution (see FIG. 7). Centrif-
ugal force generated by rotation of the rotational driver
D may enable transportation and/or admixing of a sam-
ple.
[0043] FIG. 2 shows a sample chamber 100, a sample
separation unit 200, a reaction chamber 300, and an anal-
ysis chamber 400.
[0044] The sample chamber 100 may provide a space
to receive a fluid-type sample such as blood. The sample
separation unit 200 may enable centrifugation of the sam-
ple into a supernatant (that is, serum, plasma, etc.) and
a precipitate (that is, blood cells). The reaction chamber

300 and the analysis chamber 400 are structures for de-
tecting specific protein, glucose, cholesterol, uric acid,
creatinine, alcohol, etc. contained in the supernatant by
antigen-antibody response, ligand-receptor binding, and
so forth.
[0045] FIG. 3 is a detailed view illustrating the sample
chamber 100. Referring to FIG. 3, the sample chamber
100 has a sample introduction inlet 110 and a sample
receiving unit 120. The sample receiving unit 120 has an
outlet 130 connected to the sample separation unit 200
(not shown). Although not shown in the drawing, the out-
let 130 may be formed to generate capillary force, so as
to prevent a fluid sample from moving toward the sample
separation unit 200 when centrifugal force is not applied,
as described below. Alternatively, in order to control a
flow of the fluid sample, a valve may be mounted on the
outlet 130. Furthermore, the sample chamber 100 may
have a cross-section increasing from the inlet 110 toward
the outlet 130, enabling the sample contained in the sam-
ple receiving unit 120 to easily flow toward the sample
separation unit 200 by centrifugal force. In order to facil-
itate the flow of the sample into the sample receiving unit
120 by injection pressure of the sample through the inlet
110 and, in addition, to block a reverse flow of the sample
entered into the sample receiving unit 120 toward the
inlet 110, an alternative structure to generate capillary
pressure may be placed between the inlet 110 and the
sample receiving unit 120. This alternative structure,
such as a capillary valve-type structure, will pass the
sample through the sample chamber 100 only when a
desired pressure is applied.
[0046] The sample receiving unit 120 may have at least
one anti-reverse flow unit 140 in a direction crossing a
sample flow direction wherein the sample flows from the
inlet 110 to the outlet 130. The anti-reverse flow unit 140
may be in a rib form. The anti-reverse flow unit 140 cre-
ates resistance in the flow of the sample, and as a result,
inhibits a reverse flow of the sample from the sample
receiving unit 120 to the inlet 110.
[0047] Since transportation of the sample from the
sample chamber 100 to the sample separation unit 200
utilizes centrifugal force by rotation of the rotational body
10, the sample receiving unit 200 is duly located more
outwardly than the sample chamber 100. The sample
separation unit 200 for centrifugation of the sample may
be configured in different forms, and an exemplary em-
bodiment of the sample separation unit 200 is shown in
FIG. 4. Referring to FIG. 4, the sample separation unit
200 may include a channel-type supernatant collector
210 outwardly extending from the sample chamber 100
and a precipitate collector 220, which is a space formed
at an end of the supernatant collector 210 to collect a
precipitate with relatively high specific gravity. The su-
pernatant collector 210 has a sample dispenser channel
230 to distribute the supernatant into the reaction cham-
ber 300 (not shown). The flow of the sample passing
through the sample dispenser channel 230 may be con-
trolled by a valve 231. The valve 231 may be any type
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of micro-fluidic valve. For instance, the valve 231 may
comprise a so-called "normally closed valve" wherein a
channel of the valve is closed to prevent a fluid from flow-
ing unless the valve opens by an external power source.
[0048] Referring back to FIG. 2, a supernatant meter-
ing chamber 250 may be placed between the sample
separation unit 200 and the reaction chamber 300, so as
to measure an amount of the supernatant. A volume of
the supernatant metering chamber 250 may be sufficient
to carry a certain amount of the supernatant required for
testing. A valve 251 is mounted on an outlet of the su-
pernatant metering chamber 250, so as to control the
fluid flow. The valve 251 may be a normally-closed valve
identical to the valve 231. The supernatant metering
chamber 250 is connected to the reaction chamber 300
through a channel 252. Although not shown in the draw-
ing, an alternative chamber and an additional fluid chan-
nel may be provided between the sample dispenser
channel 230 and the supernatant metering chamber 250,
so as to receive excess sample in a liquid phase remain-
ing after metering.
[0049] First and second buffer chambers 310 and 320
may receive a reactant (that is, a reactive solution) re-
quired for antigen-antibody response or a biochemical
reaction (such as ligand-receptor binding).
[0050] The first buffer chamber 310 receives a first
buffer. The first buffer may include, for example, a con-
jugate buffer for sandwich immunoassay, a competitive
protein-containing buffer for competitive immunoassay,
a buffer that contains various enzymes including, for ex-
ample, polymerase and primer for DNA amplification, and
so forth.
[0051] The first buffer chamber 310 is connected to a
first vent chamber 313. The first vent chamber 313 forms
a vent path to communicate the first buffer chamber 310
with external air, thus easily discharging the first buffer
contained in the first buffer chamber 310. A valve 314 is
placed between the first buffer chamber 310 and the first
vent chamber 313. Another valve 311 is mounted on an
outlet of the first buffer chamber 310. Each of such valves
311 and 314 may be normally closed valves as described
above. By introducing the first buffer into the first buffer
chamber 310 and installing the valves 311 and 314, the
first buffer chamber 310 may remain sealed until the
valves 311 and 314 are opened. According to another
exemplary embodiment, a metering chamber (not
shown) may be provided at the outlet of the first buffer
chamber 310 in order to provide a constant amount of
first buffer required for testing into the reaction chamber
300. If a valve (not shown) is mounted on an outlet of the
metering chamber (not shown), the first buffer flow may
be controlled. If the metering chamber is not used, the
first buffer may be directly fed from the first buffer cham-
ber 310 to the reaction chamber 300 by opening the valve
311 mounted on the outlet of the first buffer chamber 310.
[0052] The second buffer chamber 320 receives a sec-
ond buffer. The second buffer may include, for example,
a substrate buffer to express a specific color by reaction

of the substrate with a product of conjugate reaction or
competitive reaction, a buffer that contains various en-
zymes required for DNA hybridization, and so forth. The
second buffer chamber 320 is substantially the same as
the first buffer chamber 310 except that the second buffer
received therein is different from the first buffer, and
therefore a detailed description of the second buffer
chamber 320 will be omitted for brevity.
[0053] Although one exemplary embodiment de-
scribes the micro-fluidic structure consisting of two buffer
chambers 310 and 320, such structure may have only
one buffer chamber or at least three buffer chambers,
based on reaction types.
[0054] In another exemplary embodiment, a washer
chamber 330 may contain a washing buffer to rinse a
residue remaining after a reaction in the reaction cham-
ber 300. The washer chamber 330 is connected with a
third vent chamber 333. The third vent chamber 333
forms another vent path to communicate the washer
chamber 330 with external air, thus easily discharging
the washer buffer contained in the washer chamber 330.
A valve 334 is placed between the washer chamber 330
and the third vent chamber 333. The washer chamber
330 is connected to the reaction chamber 300 through
another valve 331. Each of such valves 331 and 334 may
be a normally closed valve as described above.
[0055] The reaction chamber 300 receives the super-
natant from the supernatant metering chamber 250
through a channel 252. The reaction chamber 300 may
contain a detectable signal generator present in a liquid
or solid phase.
[0056] When the detectable signal generator in a solid
phase is present in the reaction chamber 300, the de-
tectable signal generator may be temporarily fixed to an
inner wall of the reaction chamber 300 or a porous pad
therein. That is, the detectable signal generator fixed to
the reaction chamber 300 is lysed by penetration of the
supernatant, at which point the lysed binder is combined
with an analyte contained in the supernatant. The com-
bined detectable signal generator-analyte becomes a
movable product. If the supernatant flows into the reac-
tion chamber 300, the detectable signal generator is ex-
cessively re-lysed at an early stage while re-lysis of the
detectable signal generator is drastically reduced at a
later stage. Conventional technologies have problems
with deterioration in reproducibility of test results and con-
centration-response signal characteristics of analytes,
depending on variation in re-lysis of the detectable signal
generator and/or outflow rate of the detectable signal
generator, since both a capillary force acting unit and
another unit containing the detectable signal generator
are co-present in a physical space. Such technologies
also have restrictions wherein the detectable signal gen-
erator must be in a solid phase and fixed to the physical
space. On the contrary, the exemplary embodiment sep-
arately uses a reaction chamber 300 containing the de-
tectable signal generator and an analysis chamber 400
for capillary action, described below, thereby eliminating
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influences of re-lysis of a detectable signal generator
and/or outflow rate of the detectable signal generator on
capillary force. In addition, as a fluid sample (that is, a
liquid specimen) is fed into the analysis chamber 400
after completing combination of the detectable signal
generator with the analyte in a physically separated
space, the detectable signal generator may be preferably
present in either a liquid or a solid state.
[0057] A detectable signal generator refers to a mate-
rial specifically reacting with an analyte provided in the
reaction chamber 300 by any typical method. Examples
of such detectable signal generator vary depending on
the types of analytes. For instance, for antibody A as the
analyte, the detectable signal generator may be a con-
jugate such as an antigen or antibody pre-linked with a
labeling material such as a fluorescent material, wherein
the antibody A and the detectable signal generator are
first combined in the reaction chamber 300, a conjugate
formed of the antibody A and the fluorescent material is
fixed to the analysis chamber 400, using an antigen cor-
responding to the antibody A, followed by use of the con-
jugate for detection.
[0058] Labels of the detectable signal generator may
include, for example, polymeric beads, metal colloids
such as gold colloids or silver colloids, enzymes such as
peroxidase, fluorescent materials, luminous materials,
super paramagnetic materials, materials containing lan-
thanum (III) chelate, polymeric nano-particles, and radi-
oactive isotope elements. However, the labels of the de-
tectable signal generator are not particularly limited
thereto.
[0059] The reaction chamber 300 may have a waste
chamber 360 to store residues remaining after the reac-
tion which were rinsed using a washer buffer in the wash-
er chamber 330, impurities to be withdrawn, and the like.
The impurities containing an un-combined detectable
signal generator and/or analyte are moved to the waste
chamber 360. Therefore, for example, for non-competi-
tive analysis such as detection of specific antibodies, an
un-combined detectable signal generator or analyte in
the reaction chamber 300 is neither shifted to the analysis
chamber 400 nor combined with a capture binder per-
manently fixed to a test region or a control region de-
scribed below. Accordingly, a detectable signal genera-
tor-analyte complex is not bonded to the test region or
the control region, thereby avoiding competitive inhibition
of such bonding. Moreover, since an un-combined por-
tion of the analyte is separated into the waste chamber
360, a "high-dose Hook effect" caused by a high concen-
tration analyte is not observed. The waste chamber 360
is connected to the reaction chamber 300 through a chan-
nel 362. The channel 362 has a valve 361 which may be
a normally closed valve described above.
[0060] The analysis chamber 400 is connected to the
reaction chamber 300 through a valve 305 and receives
a fluid from the reaction chamber 300 after the reaction
is terminated.
[0061] The analysis chamber 400 is provided for anti-

gen-antibody response or a specific biochemical reaction
between bio-materials.
[0062] The analysis chamber 400 includes a holder
410 for receiving a fluid from the reaction chamber 300
after terminating a reaction; and a detection region 420
under capillary action, which consists of porous mem-
branes, micro-pore structures or micro-pillars. The de-
tection region 420 includes a test region 430 to which a
capture binder is directly or indirectly fixed in order to
assay analytes. The analysis chamber 400 may further
have a control region 440 to which another capture bind-
er, independent of the capture binder permanently fixed
to the test region 430, is permanently fixed.
[0063] An end of the detection region 420 is extended
to the holder 410 and, when a fluid fed from the reaction
chamber 300 fills the holder 410, the extended end of
the detection region 420 is submerged in the fluid. When
fully charging the holder 410 with fluid, capillary force is
applied in Direction A shown in FIG. 2, and a detectable
signal generator-analyte complex moves along the de-
tection region 420 in the same direction, that is, Direction
A. The detectable signal generator-analyte complex is
combined with a capture binder which is permanently
fixed to the test region 430 and the control region 440 by
antigen-antibody response or a specific biochemical re-
action between biological materials. As a result, the de-
tectable signal generator-analyte complex is entrapped
in the test region 430 and the control region 440. After
the fluid is completely shifted to the regions 430 and 440
by capillary force, the fluid is again delivered back into
the holder 410 by centrifugal force applied in Direction B
shown in FIG. 2, wherein the centrifugal force is gener-
ated by rotation of the micro-fluidic device. The direction
of centrifugal force, Direction B, is opposite to the direc-
tion of capillary action, Direction A. Accordingly, com-
pared to any conventional technique using capillary force
applied in a single direction to react the fluid with a fixed
reagent, a 2-fold increase in reaction time is achieved,
in turn, remarkably enhancing reaction sensitivity.
[0064] A reaction cycle of the application of capillary
force (Direction A) and centrifugal force (Direction B) is
not limited to only one cycle but, after completely trans-
porting the fluid back into the holder 410 by centrifugal
force and stopping rotation of the micro-fluidic device, a
portion of the detectable signal generator-analyte com-
plex which was not combined with the capture binder is
again combined with the other capture binder permanent-
ly fixed to the test region 430 and the control region 440
by capillary force in Direction A. After the fluid is com-
pletely shifted to the regions 430, 440 by a second ap-
plication of capillary action, the fluid may be again deliv-
ered into the holder 410 using a second application of
centrifugal force generated by rotation of the micro-fluidic
device so that a portion of the analyte-first reagent com-
plex which was not combined by the second capillary
action may be repeatedly subjected to reaction. In one
exemplary embodiment, a reaction cycle is repeated for
the desired number of repetitions so as to sufficiently
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conduct the reaction, thus considerably improving detec-
tion sensitivity of analytes.
[0065] The analysis chamber 400 has a stoppage
chamber 460 to receive a portion of the fluid which was
not combined with the capture binder after the reaction
in the test region 430 and control region 440. The stop-
page chamber 460 is connected to the analysis chamber
400 via a channel 462. A valve 461 is mounted on the
channel 462. The valve 461 may be a normally closed
valve described above. After the reaction is sufficiently
conducted, the valve 461 is opened and the fluid con-
tained in the analysis chamber 400 is completely shifted
to the stoppage chamber 460 using centrifugal force gen-
erated by rotation of the micro-fluidic device, thus termi-
nating the reaction.
[0066] The capture binder refers to a capture probe to
assay analytes and may include various materials such
as antigen, antibody, enzyme, DNA, RNA, and the like
depending on the subject analyte materials to be ana-
lyzed. For instance, if the analyte is a carbamate-based
insecticide, the capture binder may be acetylcholine es-
terase (AChE), while if the analyte is an antigent, the
capture binder may be a capture antibody for the antigen.
[0067] The detection region 420 to which the capillary
force is applied must be optically transparent, and may
have a cross-section in a circular or rectangular form.
For the detection region 420 with a circular cross-section,
an internal diameter of a capillary tube may range from
approximately several micrometers to approximately 1
millimeter. A size of the capillary tube may be defined
within a desired range sufficient to determine a red blood
cell ratio, that is, hematocrit. The detection region 420
may be formed by any suitable materials as long as they
have a small cavity volume and comprise very fine pores
with a high bulk density. Examples of such materials may
include porous membranes, micro-pore structures, mi-
cro-pillars, and the like. FIG. 5 shows micro-pillars 502
used for preparing the detection region 420.
[0068] FIG. 6 shows an analysis chamber 400’ accord-
ing to another exemplary embodiment. Referring to FIG.
6, a detection region 420’ having a test region 430’ and
a control region 440’ is partially inclined relative to the
Direction A for capillary action. More particularly, an end
of the detection region 420’ coming into contact with a
holder 410’ forms an upward inclination unit 470 in which
the test region 430’ and the control region 440’ are
present, while the other unit 480 of the detection region
420’ is straight. The reason behind such configuration is
that the end 490 of the detection region 420’ coming into
contact with the holder 410’ is located below the test re-
gion 430’ and the control region 440’ so as to prevent
overflow of the fluid exceeding capillary force by virtue
of gravity.
[0069] Another exemplary embodiment provides a
centrifugal micro-fluidic device for detection of an analyte
from a liquid specimen, including: at least one micro-flu-
idic structure having multiple chambers, at least one
channel through which the multiple chambers are con-

nected together, and at least one valve for opening and
closing the at least one channel; and a detection unit,
wherein the device also has a reaction chamber for re-
ceiving a detectable signal generator to be combined with
an analyte in the liquid specimen and an analysis cham-
ber that is located downstream of the reaction chamber
and includes a detection region to which a capture binder
to be combined with a detectable signal generator-ana-
lyte complex is fixed, and wherein a fluid transported be-
tween the reaction chamber and the analysis chamber
is controlled by the at least one valve, and wherein the
detection region includes porous membranes, micro-
pore structures or micro-pillars.
[0070] This exemplary embodiment is substantially
identical to the above-described exemplary embodiment,
except that the micro-fluidic structure is mounted on the
micro-fluidic device. Hereinafter, particular characteris-
tics and/or technical configurations of the above micro-
fluidic device different from those described in the previ-
ous exemplary embodiment will be explained, while a
detailed description of the same conditions may be omit-
ted for brevity.
[0071] After an analyte contained in a fluid sample (that
is, the liquid specimen) has been completely combined
with a detectable signal generator in a reaction chamber
300, a valve 305 located between the reaction chamber
300 and an analysis chamber 400 is opened. Then, the
fluid sample containing a detectable signal generator-
analyte complex is delivered into a holder 410 of the anal-
ysis chamber 400. After filling the holder 410 with the
fluid sample, the fluid sample moves along a detection
region 420 by capillary action, wherein an end of the hold-
er 410 comes into contact with the detection region 420.
While moving along the detection region 420 in Direction
A shown in FIG. 2, the detectable signal generator-ana-
lyte complex is combined with a capture binder perma-
nently fixed to a test region 430 and a control region 440,
for example by antigen-antibody response or a specific
biochemical reaction between bio-materials.
[0072] As described above, the detectable signal gen-
erator may be present in a liquid or solid phase in the
reaction chamber 300. When the detectable signal gen-
erator is present in a solid phase, the detectable signal
generator fixed to the reaction chamber 300 is lysed by
penetration of a supernatant, and the lysed binder is then
combined with an analyte contained in the supernatant.
The combined detectable signal generator-analyte be-
comes a movable product.
[0073] As described above, the movable product is
separated into a detectable signal generator-containing
portion and a capillary force-acting portion by physical
separation, wherein the detectable signal generator-con-
taining portion is entered into the reaction chamber 300
while the capillary force-acting portion is received in the
analysis chamber 400. As a result, influences of re-lysis
of the detectable signal generator and/or outflow rate of
the detectable signal generator on capillary force may be
favorably excluded. Furthermore, since the fluid sample
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is fed into the analysis chamber 400 after completing
combination of the detectable signal generator with the
analyte in a physically separated space, the detectable
signal generator may be preferably present in either a
liquid or a solid state. Transportation of the fluid sample
containing a detectable signal generator-analyte com-
plex from the reaction chamber 300 to the analysis cham-
ber 400 is duly controlled by opening and closing a valve
305.
[0074] FIG. 7 is a block diagram illustrating a test sys-
tem, according to an exemplary embodiment.
[0075] Such a test system of the above exemplary em-
bodiment includes a rotational driver D for rotating a disc-
type micro-fluidic device 1, a valve switching unit E, a
detection unit 30, an output unit 40, a diagnosis database
(DB) 50, and a control unit 60 for controlling individual
devices described above.
[0076] The rotational driver D rotates the disc-type mi-
cro-fluidic device 1 in order to apply centrifugal force
thereto, enabling centrifugation of a sample and move-
ment of a fluid, and also stops and rotates the same de-
vice 1 in order to move the analysis chamber 400 (see
FIG. 2) to a desired position.
[0077] Although not shown in the drawing, the rotation-
al driver D may further include a motor driving device for
controlling an angular position of the disc type micro-
fluidic device 1. For example, the motor driving device
may have a stepper motor or a direct current (DC) motor.
[0078] The valve switching unit E is provided for open-
ing and closing at least one valve (not shown) of the disc
type micro-fluidic device 1, and includes an external en-
ergy source E1 and a movement unit E2 to move the
external energy source E1 to any valve required to be
opened.
[0079] The external energy source E1 may be selected
from a laser source radiating a laser beam, a light emitting
diode ("LED") radiating visible or infrared light, a xenon
lamp, etc. In particular, the laser source may have at least
one laser diode (LD).
[0080] The movement unit E2 may further include a
driving motor (not shown) and a gear unit (not shown)
equipped with the external energy source E1 to move
the external energy source E1 above a valve required to
be opened by rotation of the driving motor.
[0081] The detection unit 30 may be installed in plural
to determine absorbance of the reaction chamber, and
in one exemplary embodiment includes at least one light
emission unit 31 and at least one light receiving unit 32
which is aligned with the light emission unit 31 to receive
light penetrating the detection region 420 of the analysis
chamber 400 (see FIG. 2) on the micro-fluidic device 1.
[0082] The light emission unit 31 may be a light source
flashing at a specific frequency including, for example, a
semiconductor light emitting device such as an LED or
a laser diode (LD), a gas discharge lamp such as a hal-
ogen lamp or a xenon lamp, etc.
[0083] The light emission unit 31 is placed at a location
above the micro-fluidic device 1 at which light emitted

from the light emission unit 31 passes through the anal-
ysis chamber 400 and reaches the light receiving unit 32.
[0084] The light receiving unit 32 generates electrical
signals according to an intensity of incident light and
adopts, for example, a depletion layer photodiode, ava-
lanche photodiode (APD), photomultiplier tube (PMT),
etc.
[0085] In the present exemplary embodiment, the light
emission unit 31 is located above the disc type micro-
fluidic device 1, while the light receiving unit 32 is posi-
tioned below the disc type micro-fluidic device 1; howev-
er, the positions of these units may be switched. Also, a
light path may be adjusted using a reflecting mirror or a
light guide member (not shown).
[0086] The control unit 60 controls the rotational driver
D, the valve switching unit E and/or the detection unit 30
to smoothly conduct operation of the test system, search-
es the diagnostic DB 50 and uses absorbance detected
from the detection unit 30 and a standard curve stored
in the diagnostic DB 50 so as to determine a concentra-
tion of an analyte in the supernatant contained in the
analysis chamber 400 of the micro-fluidic device 1.
[0087] The output unit 40 outputs diagnosis results and
information as to whether the diagnosis is completed or
not, and may include a visible output device such a liquid
crystal display (LCD), an audio output device such as a
speaker, or an audiovisual output device.
[0088] The following description will be given of a meth-
od of detection of analytes in a liquid specimen, using
the micro-fluidic device. FIG. 8 is a flow chart illustrating
a method of detection of an analyte in a liquid specimen,
using the micro-fluidic device, according to an exemplary
embodiment. In this non-limiting exemplary embodiment,
a process for blood analysis will be described in detail.
[0089] For example, whole blood sampled from a sub-
ject to be tested is introduced into a sample chamber 100
(S101), and the micro-fluidic device 1 is mounted on the
rotational driver D.
[0090] Next, rotating the micro-fluidic device 1 at a low
speed, the blood sample is delivered from the sample
chamber 100 to the sample separation unit 200. The low
speed may be, in one exemplary embodiment, a revolu-
tion speed generating centrifugal force suitable for mov-
ing a fluid. For example, the micro-fluidic device 1 may
rotate with an accelerated velocity of approximately 1800
revolutions per minute for 11 seconds. By centrifugal
force, the sample moves from the sample chamber 100
to the sample separation unit 200. The sample is trans-
ported from the sample chamber 100 to the sample sep-
aration unit 200 by centrifugal force.
[0091] Then, a centrifuging process is conducted
(S102). The rotational driver D rotates the micro-fluidic
device 1 at a high speed. Such high speed may be a
revolution speed separating the blood into a serum or
plasma as a supernatant and a precipitate (blood cells).
For example, the micro-fluidic device 1 may rotate with
an accelerated velocity of approximately 3600 rpms for
about 160 seconds. As a result, relatively heavy blood
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cells are moved into the precipitate collector 220 while
the supernatant remains in the supernatant collector 210.
[0092] Using the valve switching unit E, the closed
valve 231 is opened. The rotational driver D rotates the
micro-fluidic device 1 to generate centrifugal force. This
centrifugal force causes the supernatant to move from
the supernatant collector 210 to the supernatant metering
chamber 250 via the channel 230. Since the valve 251
at an outlet of the supernatant metering chamber 250 is
closed, the supernatant fills the supernatant metering
chamber 250. Accordingly, if an amount of the superna-
tant is sufficient, the supernatant is contained in the su-
pernatant metering chamber 250 in an amount corre-
sponding to a volume of the supernatant metering cham-
ber 250.
[0093] Next, the valve 251 is opened using the valve
switching unit E, and the supernatant moves from the
supernatant metering chamber 250 to the reaction cham-
ber 300 by rotation of the micro-fluidic device 1. The ro-
tational driver D may shake the micro-fluidic device 1
several times in right and left (clockwise and counter-
clockwise) directions in order to combine the detectable
signal generator with the analyte contained in the super-
natant. As a result, a fluid sample (that is, a liquid spec-
imen) containing a detectable signal generator-analyte
complex is created in the reaction chamber 300 (S103).
[0094] Subsequently, by opening the valve 305 and
rotating the micro-fluidic device, the fluid sample is
moved into the holder 410 of the analysis chamber 400.
After filling the holder 410 with the fluid sample, an end
of the detection region 420 comes into contact with the
fluid sample contained in the holder 410, in turn enabling
capillary transfer of the fluid sample in the detection re-
gion 420 or 420’, which consists of porous membranes,
micro-pore structures or micro-pillars. The fluid sample
containing the detectable signal generator-analyte com-
plex moves along the detection region 420 or 420’, and
the detectable signal generator-analyte complex is com-
bined with a capture binder permanently fixed to the test
region 430 or 430’ (S104). After the fluid sample com-
pletely passes through the detection region 420 or 420’,
the rotational driver D rotates the micro-fluidic device in
order to pass the fluid sample back again through the
detection region 420 or 420’ by centrifugal force. Here,
a portion of the detectable signal generator-analyte com-
plex which was not combined with the capture binder by
capillary force may be combined with the capture binder
(S105). Therefore, compared to the conventional tech-
nique wherein an antigen-antibody response and/or a
biochemical reaction is terminated only after fluid flow in
a single direction, a reaction time in the present exem-
plary embodiment is remarkably extended, in turn, en-
hancing reaction sensitivity. In addition, as described
above, the cycle of application of capillary force and cen-
trifugal force used in the exemplary embodiment is not
limited to one cycle, but may be repeated for the desired
number of cycles, so as to sufficiently conduct the reac-
tion. In other words, when rotation of the micro-fluidic

device is stopped after complete delivery of the fluid sam-
ple into the holder 410 by centrifugal force, the fluid sam-
ple flows again along the 5 detection region 420 by cap-
illary action (S104). After complete movement of the fluid
sample along the detection region 420, the fluid sample
may be returned to the holder 410 using the centrifugal
force generated by rotating the micro-fluidic device once
more (S105). [100] When it is determined that the reac-
tion is sufficiently conducted ("YES" in S106), the valve
461 connected with the holder 410 of the analysis cham-
ber 400 is opened and the fluid sample is 10 transported
into the stoppage chamber 460 through channel 462 by
rotation of the micro-fluidic device. After transportation
of the fluid sample to the stoppage chamber 460, the
reaction to combine the detectable signal generator-an-
alyte complex with the capture binder is terminated and
does not proceed any further (S107). Lastly, using the
detection unit 30, absorbance of the detection region 420
in the analysis chamber 400 is determined. For analysis
of end points, the 15 absorbance is repeatedly measured
at a defined distances to determine an absorbance during
a saturated reaction. Based on a relationship between
absorbance and concentration stored in the diagnostic
DB 340, a concentration of each of substances to be
analyzed is calculated.

Claims

1. A centrifugal micro-fluidic device comprising:

at least one micro-fluidic structure comprising a
chamber and at least one channel connected
with the chamber; and a detection unit (30),
wherein the chamber comprises a reaction
chamber (300) comprising a detectable signal
generator for combining the detectable signal
generator with an analyte of a liquid specimen
to create a detectable signal generator-analyte
complex, and an analysis chamber (400) locat-
ed downstream from the reaction chamber
(300), wherein the detectable signal generator
is in a liquid or solid phase,
wherein the analysis chamber (400) comprises
a holder (410, 410’) which carries a fluid provid-
ed from the reaction chamber (300) and a de-
tection region (420, 420’) for combining a cap-
ture binder with the detectable signal generator
analyte complex,
wherein the detection region (420, 420’) in-
cludes one of porous membranes, micro-pore
structures and micro-pillars, wherein the detec-
tion region (420, 420’) comprises a test region
(430, 430’) to which the capture binder is fixed,
and a control region (440, 440’) which is located
downstream of the test region (430, 430’) rela-
tive to a direction A of capillary action and sep-
arated from the test region (430, 430’) by a dis-
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tance, and wherein the detection region (420,
420’) is arranged such that application of a cap-
illary force moves fluid along the detection re-
gion (420, 420’),
completely shifting the fluid to the test region
(430, 430’) and the control region (440, 440’),
and application of a centrifugal force delivers the
fluid back into the holder (410, 410’), wherein
the centrifugal force has a direction B opposite
to the direction A of capillary action.

2. The centrifugal micro-fluidic device according to
claim 1, wherein the detection region (420’) contacts
one end of the holder (410’).

3. The centrifugal micro-fluidic device according to
claim 1, wherein a section of the detection region
(420’) including the test region (430’) and the control
region (440’) is inclined in the direction A of capillary
action.

4. The centrifugal micro-fluidic device according to
claim 1, wherein the chamber further comprise a
stoppage chamber (460) to receive the liquid spec-
imen from the analysis chamber (400), and
wherein the stoppage chamber (460) is located
downstream of the analysis chamber (400) relative
to the direction B of centrifugal force.

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

6. The centrifugal micro-fluidic device according to
claim 1, wherein the detectable signal generator in
the reaction chamber (300) is contained in a liquid
or dried solid state.

7. The centrifugal micro-fluidic device according to
claim 1, wherein the detectable signal generator is
selected from polymeric beads, metal colloids, en-
zymes, fluorescent materials, luminous materials,
super paramagnetic materials, materials containing
lanthanum (III) chelate, polymeric nano-particles
and radioactive isotopes.

8. The centrifugal micro-fluidic device according to
claim 1, wherein the detection unit (30) is adapted
to detect and to assay the detectable signal gener-
ator-analyte complex combined with the capture
binder.

9. The centrifugal micro-fluidic device according to
claim 1, wherein the detection unit (30) comprises a
light source unit (31) and a light receiving unit (32)
that is aligned with the light source unit (31) and re-
ceives light emitted from the light source unit (31)

that passes through the analysis chamber (400).

10. The centrifugal micro-fluidic device according to
claim 1, further comprising a rotational body (10).

11. The centrifugal micro-fluidic device according to
claim 10, further comprising:

at least one valve for closing and/or opening the
at least one channel.

12. The centrifugal micro-fluidic device according to any
of the claims 1-9, comprising:

at least one valve for closing and/or opening the
at least one channel;
wherein the at least one valve controls transpor-
tation of the fluid between the reaction chamber
(300) and the analysis chamber (400).

13. The centrifugal micro-fluidic device according to any
of the preceding claims, wherein the reaction cham-
ber (300) comprises a porous pad which includes a
detectable signal generator.

Patentansprüche

1. Mikrofluidische Zentrifugalvorrichtung, die umfasst:

wenigstens eine mikrofluidische Struktur, die ei-
ne Kammer und wenigstens einen mit der Kam-
mer verbundenen Kanal umfasst; und
eine Erfassungseinheit (30),
wobei die Kammer eine Reaktionskammer
(300) mit einem Erzeuger erfassbarer Signale
zum Kombinieren des Erzeugers erfassbarer Si-
gnale mit einem Analyt von einer flüssigen Pro-
be, um einen Komplex aus dem Erzeuger er-
fassbarer Signale und dem Analyt zu erzeugen,
und eine Analysekammer (400), die stromab-
wärts von der Reaktionskammer (300) angeord-
net ist, umfasst, wobei der Erzeuger erfassbarer
Signale in einer flüssigen oder festen Phase ist,
wobei die Analysekammer (400) einen Behälter
(410, 410’), der ein aus der Reaktionskammer
(300) bereit gestelltes Fluid beinhaltet, und ei-
nen Erfassungsbereich (420, 420’) zum Kombi-
nieren eines Einfangsbindemittels mit dem
Komplex aus dem Erzeuger erfassbarer Signale
und dem Analyt umfasst,
wobei der Erfassungsbereich (420, 420’) poröse
Membranen, Mikroporenstrukturen oder Mikro-
säulen umfasst,
wobei der Erfassungsbereich (420,420’) einen
Testbereich (430,430’), an dem das Einfangs-
bindemittel befestigt ist, und einen Kontrollbe-
reich (440, 440’), der stromabwärts von dem
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Testbereich (430, 430’) relativ zu einer Richtung
A der Kapillarwirkung und um einen Abstand von
dem Testbereich (430, 430’) getrennt angeord-
net ist, umfasst, und wobei der Erfassungsbe-
reich (420, 420’) derart ausgerichtet ist, dass
das Aufbringen einer Kapillarkraft das Fluid an
dem Erfassungsbereich (420, 420’) entlang be-
wegt, wobei das Fluid vollständig in den Test-
bereich (430, 430’) und den Kontrollbereich
(440, 440’) bewegt wird und die Anwendung ei-
ner Zentrifugalkraft das Fluid zurück in den Be-
hälter (410,410’) bewegt, wobei die Zentrifugal-
kraft eine Richtung B gegenüber zu der Richtung
A der Kapillarwirkung hat.

2. Mikrofluidische Zentrifugalvorrichtung gemäß An-
spruch 1, wobei der Erfassungsbereich (420’) mit
einem Ende des Behälters (410’) in Kontakt ist.

3. Mikrofluidische Zentrifugalvorrichtung gemäß An-
spruch 1, wobei ein Abschnitt des Erfassungsbe-
reichs (420’) umfassend den Testbereich (430’) und
den Kontrollbereich (440’) in die Richtung A der Ka-
pillarwirkung geneigt ist.

4. Mikrofluidische Zentrifugalvorrichtung gemäß An-
spruch 1, wobei die Kammer weiterhin eine Unter-
brechungskammer (460) zum Empfangen der flüs-
sigen Probe aus der Analysekammer (440) umfasst,
und
wobei die Unterbrechungskammer (460) stromab-
wärts von der Analysekammer (400) relativ zu der
Richtung B der Zentrifugalkraft angeordnet ist.

5. Mikrofluidische Zentrifugalvorrichtung gemäß An-
spruch 1, wobei der Erzeuger erfassbarer Signale
aus einem analytspezifischen Bindungselement und
einem Element zur Erzeugung erfassbarer Signale
zusammengesetzt ist.

6. Mikrofluidische Zentrifugalvorrichtung gemäß An-
spruch 1, wobei der Erzeuger erfassbarer Signale in
der Reaktionskammer (300) in einem flüssigen oder
getrockneten festen Zustand enthalten ist.

7. Mikrofluidische Zentrifugalvorrichtung gemäß An-
spruch 1, wobei der Erzeuger erfassbarer Signale
aus einem der folgenden ausgewählt wird: Polymer-
kügelchen, Metallkolloide, Enzyme, fluoreszierende
Materialien, leuchtende Materialien, superparama-
gnetische Materialien, Lanthan (III) Chelat enthal-
tende Materialien, polymere Nanopartikel und radi-
oaktive Isotope.

8. Mikrofluidische Zentrifugalvorrichtung gemäß An-
spruch 1, wobei die Erfassungseinheit (30) dazu
ausgelegt ist, den mit dem Einfangsbindemittel kom-
binierten Komplex aus dem Erzeuger erfassbarer Si-

gnale und dem Analyt zu erfassen und zu untersu-
chen.

9. Mikrofluidische Zentrifugalvorrichtung gemäß An-
spruch 1, wobei die Erfassungseinheit (30) umfasst:
eine Lichtquelleneinheit (31) und eine Lichtemp-
fangseinheit (32), die mit der Lichtquelleneinheit (31)
ausgerichtet ist und von der Lichtquelleneinheit (31)
abgegebenes Licht, das durch die Analysekammer
(400) passiert, empfängt.

10. Mikrofluidische Zentrifugalvorrichtung gemäß An-
spruch 1, die weiterhin einen Drehkörper (10) um-
fasst.

11. Mikrofluidische Zentrifugalvorrichtung gemäß An-
spruch 1, weiterhin umfassend:

wenigstens ein Ventil zum Schließen und/oder
Öffnen des wenigstens einen Kanals.

12. Mikrofluidische Zentrifugalvorrichtung gemäß einem
der Ansprüche 1 bis 9, die umfasst:

wenigstens ein Ventil zum Schließen und/oder
Öffnen des wenigstens einen Kanals;
wobei das wenigstens eine Ventil den Transport
des Fluids zwischen der Reaktionskammer
(300) und der Analysekammer (400) steuert.

13. Mikrofluidische Zentrifugalvorrichtung gemäß einem
der vorangegangenen Ansprüche, wobei die Reak-
tionskammer (300) ein poröses Kissen, das einen
Erzeuger erfassbarer Signale beinhaltet, umfasst.

Revendications

1. Dispositif microfluidique centrifuge comprenant :

au moins une structure microfluidique compre-
nant une chambre et au moins un canal relié à
la chambre ; et
une unité de détection (30),
dans lequel la chambre comprend une chambre
de réaction (300) comprenant un générateur de
signaux détectables et permettant de combiner
le générateur de signaux détectables et un ana-
lyte d’un échantillon liquide afin de créer un com-
plexe générateur de signaux détectables/analy-
te, et une chambre d’analyse (400) située en
aval de la chambre de réaction (300), le géné-
rateur de signaux détectables étant sous la for-
me d’une phase liquide ou solide,
dans lequel la chambre d’analyse (400) com-
prend un réceptacle (410, 410’) qui contient un
fluide issu de la chambre de réaction (300) et
une zone de détection (420, 420’) permettant de
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combiner un liant de capture avec le complexe
générateur de signaux détectables/analyte,
dans lequel la zone de détection (420, 420’)
comporte des membranes poreuses, des struc-
tures à micropores ou des micropiliers,
dans lequel la zone de détection (420, 420’)
comprend une zone d’essai (430, 430’) à laquel-
le est fixé le liant de capture, et une zone témoin
(440, 440’) située en aval de la zone d’essai
(430, 430’) par rapport à un sens A de l’action
capillaire et à une certaine distance de la zone
d’essai (430, 430’), la zone de détection (420,
420’) étant agencée de manière que l’applica-
tion d’une force capillaire déplace le fluide le
long de la zone de détection (420, 420’), en ame-
nant ainsi complètement le fluide vers la zone
d’essai (430, 430’) et la zone témoin (440, 440’),
et l’application d’une force centrifuge renvoie le
fluide dans le réceptacle (410, 410’), la force
centrifuge présentant un sens B contraire au
sens A de l’action capillaire.

2. Dispositif microfluidique centrifuge selon la revendi-
cation 1, dans lequel la zone de détection (420’) est
en contact avec une extrémité du réceptacle (410’).

3. Dispositif microfluidique centrifuge selon la revendi-
cation 1, dans lequel une section de la zone de dé-
tection (420’) comportant la zone d’essai (430’) et la
zone témoin (440’) est inclinée dans le sens A de
l’action capillaire.

4. Dispositif microfluidique centrifuge selon la revendi-
cation 1, dans lequel la chambre comprend en outre
une chambre d’interruption (460) destinée à recevoir
l’échantillon liquide issu de la chambre d’analyse
(400), et
dans lequel la chambre d’interruption (460) est si-
tuée en aval de la chambre d’analyse (400) par rap-
port au sens B de la force centrifuge.

5. Dispositif microfluidique centrifuge selon la revendi-
cation 1, dans lequel le générateur de signaux dé-
tectables se compose d’un élément liant spécifique
à un analyte et d’un élément producteur de signaux
détectables.

6. Dispositif microfluidique centrifuge selon la revendi-
cation 1, dans lequel le générateur de signaux dé-
tectables de la chambre de réaction (300) est con-
tenu dans un état liquide ou dans un état solide sec.

7. Dispositif microfluidique centrifuge selon la revendi-
cation 1, dans lequel le générateur de signaux dé-
tectables est choisi parmi les billes polymères, les
colloïdes métalliques, les enzymes, les matières
fluorescentes, les matières luminescentes, les ma-
tières superparamagnétiques, les matières conte-

nant du lanthane (III) chélaté, les nanoparticules po-
lymères et les isotopes radioactifs.

8. Dispositif microfluidique centrifuge selon la revendi-
cation 1, dans lequel l’unité de détection (30) est
apte à détecter et à doser le complexe générateur
de signaux détectables/analyte qui est combiné au
liant de capture.

9. Dispositif microfluidique centrifuge selon la revendi-
cation 1, dans lequel l’unité de détection (30) com-
prend une unité de source lumineuse (31) et une
unité de réception lumineuse (32) alignée avec l’uni-
té de source lumineuse (31) et recevant la lumière
émise par l’unité de source lumineuse (31) et traver-
sant la chambre d’analyse (400).

10. Dispositif microfluidique centrifuge selon la revendi-
cation 1, comprenant en outre un corps rotatif (10).

11. Dispositif microfluidique centrifuge selon la revendi-
cation 10, comprenant en outre :

au moins une vanne destinée à fermer et/ou à
ouvrir l’au moins un canal.

12. Dispositif microfluidique centrifuge selon l’une quel-
conque des revendications 1 à 9, comprenant :

au moins une vanne destinée à fermer et/ou à
ouvrir l’au moins un canal ;
dans lequel l’au moins une vanne régule le
transport du fluide entre la chambre de réaction
(300) et
la chambre d’analyse (400).

13. Dispositif microfluidique centrifuge selon l’une quel-
conque des revendications précédentes, dans le-
quel la chambre de réaction (300) comprend un tam-
pon poreux comportant un générateur de signaux
détectables.
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