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LAB-ON-A-CHIP AND METHOD OF DRIVING
THE SAME

TECHNICAL FIELD

[0001] The present disclosure relates to a lab-on-a-chip,
and more particularly, to a capillary force adjustable lab-on-
a-chip and a method of driving the same.

[0002] The present invention has been derived from a
research undertaken as a part of the information technology
(IT) development business by Ministry of Information and
Communication and Institute for Information Technology
Advancement, Republic of Korea (Project management No.:
2005-8-007-02, Project title: Ubiquitous health care module
system).

BACKGROUND ART

[0003] With the development of human society, chemical
industries have been continually developed, thus necessitat-
ing the development of chemical analysis technology. The
chemical analysis technology commonly designates a
method used to identify and detect a specific material, and
find out the chemical composition.

[0004] For rapid and accurate chemical analysis, a chemi-
cal analysis apparatus is under development to automatically
perform the chemical analysis instead of a marual chemical
analysis that depends on an individual experimenter. In such
a chemical analysis apparatus, only if a collected sample is
supplied to the apparatus, a total analysis procedure is auto-
matically performed in one system. That is, operations of
mixing the sample with reagents, reacting them for a prede-
termined time, transferring a reactant to a detector, and out-
putting a signal in proportion to the concentration of a target
substance as an electrical or optical signal are automatically
carried out in one measuring system.

[0005] Recently, an innovative apparatus where an auto-
matic analysis apparatus is finely implemented in a very
small-sized chip has been developed, which is called a lab-
on-a-chip. The lab-on-a-chip has a fine fluid channel through
which a fluid sample is introduced, and then various opera-
tions for chemical analysis such as operations of mixing and
reacting the fluid sample with reagents, and detecting the
reactant are performed within one lab-on-a-chip. The use of
the lab-on-a-chip for chemical analysis allows the chemical
analysis procedure to be very simplified, and further a pre- or
post-treatment before or after the chemical analysis can be
omitted because the lab-on-a-chip used once is discarded. A
protein lab-on-a-chip or a DNA lab-on-a-chip is put into
practical use and being widely used. Herein, the protein lab-
on-a-chip is an apparatus of analyzing and measuring a spe-
cific protein in blood, and the DNA lab-on-a-chip is an appa-
ratus of analyzing a specific deoxyribonucleic acid (DNA) in
a sample.

[0006] FIG. 1 is a flowchart and related concept views
illustrating a chemical analysis procedure in a lab-on-a-chip.
Herebelow, descriptions will be made on a procedure of sepa-
rating a blood cell from blood and a procedure of analyzing a
specific protein included in a portion of a blood plasma com-
ponent.

[0007] Referring to FIG. 1, a blood is injected into a lab-
on-a-chip (S10). A biomarker protein 1 in the blood injected
into the lab-on-a-chip moves to a first reaction chamber.
[0008] The biomarker protein 1 included in a fluid reacts
with a carrier particle 2 in the first reaction chamber (S20).
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Herein, the carrier particle 2 includes a fluorescent substance
3 and a primary antibody 4. The carrier particle 2 may be
nanometers or micrometers in size. The carrier particle 2 may
be fixed by a scaffold 5, which is provided on a lower sub-
strate 10 of the first reaction chamber and composed of a
mucous substance having an adhesive force. A primary anti-
gen-antibody reactant 6 is formed through the primary anti-
gen-antibody reaction between the biomarker protein 1
included in the fluid and the primary antibody 4 included in
the carrier particle 2.

[0009] The primary antigen-antibody reactant 6 is trans-
ferred according as the fluid flows (S30). The primary anti-
gen-antibody reactant 6 transferred by the flow of the fluid
reacts with a secondary antibody 8 in a second reaction cham-
ber. A secondary antigen-antibody reactant 9 is formed
through the secondary antigen-antibody reaction between the
biomarker protein 1 included in the primary antigen-antibody
reactant 6 and the secondary antibody 8. The fluorescent
image caused by the fluorescent substance 3 contained in the
carrier particle 2 is analyzed by irradiating light onto the
secondary antigen-antibody reactant 9. Therefore, it is pos-
sible to analyze whether a specific protein is contained or not
in blood, and the amount of the specific protein.

[0010] FIGS. 2 and 3 are conceptual perspective and sec-
tional views illustrating a typical capillary force lab-on-a-
chip.

[0011] Referring to FIGS. 2 and 3, the typical capillary
force lab-on-a-chip includes a lower substrate 10, an upper
substrate 20, and side substrates 30 and 40. The lower sub-
strate 10 and the upper substrate 20 are arranged in such a way
to have a constant gap h therebetween, thereby forming a
capillary. Herein, the mark h means a threshold gap, i.e., the
maximum height allowing the capillary to have a capillary
force. The capillary forces respectively exist on inner surfaces
of the lower substrate 10, the upper substrate and the side
substrates 30 and 40.

[0012] The lower substrate 10 includes a filter part 12 and
hydrophobic grooves 14. The filter part 12 filters an unnec-
essary component of a fluid sample 50, and passes a specific
component selectively. The hydrophobic grooves 14 serve as
a timegate delaying the flow of the fluid containing the spe-
cific component of the fluid specimen 50. The hydrophobic
grooves 14 are obtained through surface-treatment. For
example, surfaces of the grooves formed in the lower sub-
strate 10 are surface-treated with hydrophobic substances.
Differently from the drawings, the timegate may be achieved
by modifying the shape of a channel through which the fluid
flows. Such a timegate is used to delay the flow of the fluid to
thereby increase the reactivity between the specific compo-
nent included in the fluid and a reagent.

[0013] In the capillary force lab-on-a-chip having a
timegate using the hydrophobic grooves, as an inflow rate of
the fluid containing the specific component becomes fast, the
fluid makes the hydrophobic groove to be wet or the hydro-
phobicity of the surface of the hydrophobic groove weakened
due to the introduction of moisture. Resultantly, the hydro-
phobic groove does not perform its function, i.e., a timegate
function, and thus a portion of the specific component
included in the fluid does not react well with the reagent to be
used for analysis.

[0014] Furthermore, in the capillary force lab-on-a-chip
having the timegate using a shape modification of a fluid
channel, the shape of the fluid channel is too complicated,
which leads to a difficulty in fabrication. Also, the compli-
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cated shape of the fluid channel makes the channel length to
be increased, thus causing a total size of the capillary force
lab-on-a-chip to be increased.

[0015] Inaddition, since the timegate using the shape modi-
fication of the fluid channel or the hydrophobic grooves plays
only a role in delaying the flow of the fluid, it is difficult to
precisely control the reactivity between the specific compo-
nent contained in the fluid specimen and the reagent.

DISCLOSURE OF INVENTION
Technical Problem

[0016] The present invention provides a capillary force lab-
on-a-chip capable of freely controlling a reaction time
between a fluid sample to be analyzed and a reagent by
artificially adjusting the flow of a microfluid.

[0017] The present invention also provides a method of
driving a capillary force lab-on-a-chip that can freely control
a reaction time between a fluid sample to be analyzed and a
reagent by artificially adjusting the flow of a microfluid.

Technical Solution

[0018] Embodiments of the present invention provide lab-
on-a-chips including: a first region where a first substrate and
asecond substrate are bonded; a second region where the first
and second substrates are not bonded; and a gap adjusting
member disposed at an end of the second region that is oppo-
site to a boundary between the first and second regions, the
gap adjusting member being configured to adjust a gap
between the first and second substrates to control a capillary
force.

[0019] In some embodiments, at least one of the first and
second substrates includes a flexible substrate.

[0020] In other embodiments, the first substrate of the first
region includes a filter part and a first reaction part.

[0021] In still other embodiments, the second substrate of
the first region includes a blood injection hole.

[0022] In even other embodiments, the filter filters blood
cells of blood and passes blood plasma component only.
[0023] In yet other embodiments, the first reaction part
includes a primary antibody that reacts with a blood plasma
component of blood to form a primary antigen-antibody reac-
tant.

[0024] In further embodiments, both sides of the first and
second substrates of the second region are exposed.

[0025] Instill furtherembodiments, the first substrate of the
second region includes at least one of second reaction parts.
[0026] In even further embodiments, the second reaction
part includes a secondary antibody that reacts with the pri-
mary antigen-antibody reactant to form a secondary antigen-
antibody reactant.

[0027] Inyet further embodiments, the gap adjusting mem-
ber has a shape of a wedge of which one portion is interposed
between the first and second substrates.

[0028] In other embodiments, the gap adjusting member
moves in a left direction or a right direction by a step motor to
adjust a gap between the first and second substrates at the end
of the second region.

[0029] In still other embodiments of the present invention,
the gap adjusting member includes a pair of electromagnets
that are respectively provided on the first and second sub-
strates at the end of the second region, the pair of electromag-
nets facing the gap between the first and second substrates.
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[0030] 1Inevenother embodiments of the present invention,
the gap adjusting member adjusts the gap between first and
second substrates at the end of the second region by an attrac-
tive force and a repulsive force between the pair of the elec-
tromagnets.

[0031] In yet other embodiments, the lab-on-a-chips fur-
ther include a support member interposed between the first
and second substrates at the end of the second region, and
maintaining the gap between the first and second substrates to
be minimized.

[0032] In further embodiments of the present invention,
methods of driving a lab-on-a-chip include: preparing the
lab-on-a-chip including a first region where a first substrate
and a second substrate are bonded, and a second region where
the first and second substrates are not bonded; and controlling
fluid flow in the second region by adjusting a gap between the
first and second substrates at an end of the second region
corresponding to a boundary between the first and second
regions.

[0033] Instill further embodiments, the fluid flow includes
progression, retrogression from the first region to the second
region, or/and standstill.

[0034] In even further embodiments, the second region
includes at least one reaction part, and the controlling of the
fluid flow in the second region includes controlling a reaction
between the fluid and the reaction part.

ADVANTAGEOUS EFFECTS

[0035] According to embodiments of the present invention,
a capillary force lab-on-a-chip can change the capillary force
freely, allowing the flow of a microfluid to be controlled.
Accordingly, it is possible to provide a capillary force lab-on-
a-chip with enhanced performance, which can freely control
a reaction time between a fluid sample to be analyzed and a
reagent.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] Theaccompanying figures are included to provide a
further understanding of the present invention, and are incor-
porated in and constitute a part of this specification. The
drawings illustrate exemplary embodiments of the present
invention and, together with the description, serve to explain
principles of the present invention. In the figures:

[0037] FIG. 1 is a flowchart and related concept views
illustrating a chemical analysis procedure in a lab-on-a-chip;

[0038] FIGS. 2 and 3 are conceptual perspective and sec-
tional views illustrating a typical capillary force lab-on-a-
chip;

[0039] FIGS. 4 and 5 are conceptual perspective and sec-

tional views illustrating a capillary force lab-on-a-chip
according to an embodiment of the present invention;
[0040] FIGS. 6 through 10 are conceptual sectional views
illustrating an operation principle of the capillary force lab-
on-a-chip according to an embodiment of the present inven-
tion;

[0041] FIG. 11 is a plan view illustrating a capillary force
lab-on-a-chip according to an embodiment of the present
invention;

[0042] FIG. 12 through 18 are sectional views taken along
line I-1 of FIG. 11;

[0043] FIG. 19 is a sectional view illustrating a capillary
force lab-on-a-chip according to an embodiment of the
present invention; and
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[0044] FIGS. 20 through 23 are sectional views and side
views illustrating an operation principle of a capillary force
lab-on-a-chip according to another embodiment of the
present invention.

MODE FOR THE INVENTION

[0045] Preferred embodiments of the present invention will
be described below in more detail with reference to the
accompanying drawings. The present invention may, how-
ever, be embodied in different forms and should not be con-
strued as limited to the embodiments set forth herein. Rather,
these embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey the scope of the
present invention to those skilled in the art. Since following
descriptions will be made according to preferred embodi-
ments, reference numerals or symbols given in the sequence
of illustrations are not limited to that sequence. In the figures,
the dimensions of layers and regions are exaggerated for
clarity of illustration. It will also be understood that when a
layer (or film) is referred to as being on another layer or
substrate, it can be directly on the other layer or substrate, or
intervening layers may also be present.

[0046] FIGS. 4 and 5 are conceptual perspective and sec-
tional views illustrating a capillary force lab-on-a-chip
according to an embodiment of the present invention.

[0047] Referring to FIGS. 4 and 5, the capillary force lab-
on-a-chip may include a lower substrate 110, and an upper
substrate 120. The lower and upper substrates 110 and 120 are
disposed in such a way to have a constant gap h therebetween,
thereby forming a capillary. The capillary force may exist on
opposite surfaces of the lower and upper substrate 110 and
120.

[0048] Referring to FIG. 4, the capillary phenomenon may
exist even though both sidewalls of the capillary are exposed.
If both sidewalls of the capillary are exposed, the capillary
force may disappear at both sidewalls but a cohesive force
itself of a fluid sample 150 may exit. That is, since the capil-
lary force is relatively greater than the cohesive force of the
fluid sample 150 at opposite surfaces of the lower and upper
substrates 110 and 120, the fluid sample 150 can flow along
the opposite surfaces of the lower and upper substrates 110
and 120. However, the fluid sample 150 cannot flow along the
sidewalls because the capillary force does not exist on the
exposed sidewalls of the capillary. As described above, the
fluid sample 150 itself has the cohesive force, and thus the
fluid sample 150 does not leak out from the exposed sidewalls
of the capillary.

[0049] The capillary force at the opposite surfaces of the
lower and upper substrates 110 and 120 is very greater than
the capillary force at boundaries between the upper and lower
substrates 110 and 120 and the exposed sidewalls. Therefore,
it is possible to neglect the flow of the fluid sample 150
flowing along the boundaries between the upper and lower
substrates 110 and 120 and the exposed sidewalls.

[0050] The lower substrate 110 includes a filter part 112.
The filter part 112 filters an unnecessary component of a fluid
sample 150, and selectively passes a specific component to be
analyzed. At least one of the lower and upper substrates 110
and 120 may be a flexible substrate with elasticity. Preferably,
the upper substrate 120 may be a flexible substrate. Accord-
ingly, if one end of the upper substrate 120 is lifted up, the
upper substrate 120 may be bended like a curved line. That is,
there are two regions of which one region has a gap distance
between the upper and lower substrates 110 and 120 is main-
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tained h, and the other region has a gap distance exceeding h.
Consequently, it is possible to control the capillary force of
the capillary configured with the lower and upper substrates
110 and 120, which will be more fully described in FIGS. 6
through 10.

[0051] FIGS. 6 through 10 are conceptual sectional views
illustrating an operation principle of the capillary force lab-
on-a-chip according to an embodiment of the present inven-
tion.

[0052] Referring to FIG. 6, a channel of the capillary force
lab-on-a-chip may be a capillary through which the fluid
sample 150 flows by the capillary force due to the gap dis-
tance h between the lower and upper substrates 120. In this
way, the fluid sample 150 can continuously flow in a right
direction along the capillary configured with the lower and
upper substrates 110 and 120 if the gap distance between the
lower and upper substrates 110 and 120 is constantly main-
tained h.

[0053] Referring to FIG. 7, if one end of the upper substrate
is lifted up to increase the gap distance to h+H1 from h while
the other end of the capillary is maintained to have the gap
distance h between the lower and upper substrates 110 and
120, the fluid sample 150 retrogresses to a distance L1. This
is because the threshold gap of the capillary generating the
capillary force is h. If the gap of the capillary is equal to h or
less, the capillary may have a capillary force. On the contrary,
if the gap of the capillary is greater than a threshold gap h or
more, the capillary may loose its capillary force.

[0054] Referring to FIG. 8, when the one end of the upper
substrate 120 of the capillary is more lifted up to increase the
gap distance between the first and second substrates 110 and
120 to h+H2 from h+H1, the fluid sample 150 more retro-
gresses to a distance L.2.

[0055] Referring to FIG. 9, when the one end of the upper
substrate 120 of the capillary is let down to decrease the gap
distance between the first and second substrates 110 and 120
to h+H1 from h+H2, the fluid sample 150 progresses to the
distance L1.

[0056] Referring to FIG. 10, when the one end of the upper
substrate 120 of the capillary is more let down to decrease the
gap distance between the first and second substrates 110 and
120 to h from h+H1, the fluid sample 150 progresses to the
position shown in FIG. 6. Therefore, the fluid sample 150 can
flow by virtue of the capillary force of the capillary. That is,
the fluid sample 150 can continuously flow ina right direction
along the capillary configured with the lower and upper sub-
strates 110 and 120.

[0057] As illustrated in FIGS. 6 through 10, a change in a
geometrical shape of the capillary leads to a change in a
capillary force. That is, if at least one of the upper and lower
substrates 120 and 110 constituting the capillary is a flexible
substrate with elasticity, it is possible to finely control the flow
of the fluid sample 150, e.g., progression, retrogression and
standstill by adjusting the capillary force of the capillary.
Accordingly, a reaction time between the fluid sample to be
analyzed and a reagent can be controlled freely.

[0058] FIG. 11 is a plan view illustrating a capillary force
lab-on-a-chip according to an embodiment of the present
invention. FIG. 12 through 18 are sectional views taken along
line I-1? of F1G. 11. Herebelow, descriptions will be made on
a protein lab-on-a-chip of separating blood cells from blood
and analyzing a specific protein contained in a portion of a
blood plasma.
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[0059] Referring to FIGS. 5 and 12, a capillary force lab-
on-a-chip may include a first region A where a lower substrate
110 and an upper substrate 120 are bonded to each other, a
second region B where the lower and upper substrates 110
and 120 are not bonded, a gap adjusting member 140. The gap
adjusting member 140 is disposed at one end of the second
region B that is opposite to a boundary between the first
region A and the second region B, and is configured to adjust
a gap between the lower substrate 110 and the upper substrate
120.

[0060] The lower and upper substrates 110 and 120 of the
first region A may be bonded to each other by means of a
bonding member 130. The bonding member 130 may be used
to airtightly seal the first region A. The lower substrate 110 of
the first region A may include a filter part 112 and a first
reaction part 160. The filter part 112 is formed such that its
bottom surface is lower than a bottom surface of the first
reaction part 160, and therefore, the filter part 112 may serve
as a fluid reservoir. The filter part 112 may play a role in
filtering blood cells from blood 150 and passing a fluid con-
taining a blood plasma component. The first reaction part 160
may include a primary antibody (see dots of reference
numeral 160), which reacts with the blood plasma component
of the blood 150 to form a primary antigen-antibody reactant
(see reference numeral 6 of FIG. 1). The upper substrate 120
of the first region A may have a blood injection hole 1200 for
injecting the blood 150 into the lab-on-a-chip. The blood cells
are filtered from the blood 150 while the injected blood 150
passes through the filter part 112. The fluid containing the
blood plasma component can flow into the first reaction part
160 by the capillary force of the capillary configured with the
lower and upper substrates 110 and 120.

[0061] Both side parts of the lower and upper substrates 110
and 120 in the second region B may be exposed, which has
been already described with reference to FIGS. 4 and 5. The
exposed side parts of the lower and upper substrates 110 and
120 in the second region B may be intended to adjust a gap
between the lower and upper substrates 110 and 120. The
lower substrate 110 of the second region B may include at
least one of reaction parts 170, 180 and 190. The second
reaction part 170, 180 and/or 190 may include a secondary
antibody (see dots of reference numerals 170, 180 and/or
190), which reacts with the primary antigen-antibody reac-
tant to produce a secondary antigen-antibody reactant (see
reference numeral 9 of FIG. 1). The secondary antibody of the
second reaction part 170, 180 and/or 190 may provide differ-
ent antigen-antibody reactions, respectively. Consequently, it
is also possible to simultaneously perform analysis for vari-
ous antigens.

[0062] The gap adjusting member 140 may have a shape of
awedge of which one portion is interposed between the lower
substrate 110 and the upper substrate 120. The gap between
the lower substrate 110 and the upper substrate 120 at an end
of the second region B can be freely controlled by shifting the
wedge-shaped gap adjusting member 140 in a right or left
direction between the lower and upper substrates 110 and 120
at the one end of the second region B.

[0063] Referring to FIG. 12, a channel of the capillary force
lab-on-a-chip may be a capillary through which the fluid
sample 150 flows in a right direction by the capillary force
due to the gap distance H1 between the lower and upper
substrates 110 and 120. In this way, the fluid sample 150 can
continuously flow in a right direction along the capillary
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configured with the lower and upper substrates 110 and 120 if
the gap distance between the lower and upper substrates 110
and 120 is maintained H1.

[0064] Referring to FIG. 13, if the gap adjusting member
140 shifts in a left direction, the upper substrate 120 at the end
of the second region B is lifted up to increase the gap distance
between the lower and upper substrates 110 and 120 to H2
from H1. Resultingly, a fluid (not shown) containing a blood
plasma component, which flows into the second region B, can
retrogress to a distance [L1 at which the first reaction part 160
is disposed. This may allow a primary antigen-antibody reac-
tion between the blood plasma component contained in the
fluid where the blood cell of the blood 150 is filtered, and the
primary antibody of the first reaction part 160 to be suffi-
ciently generated. Therefore, a primary antigen-antibody (not
shown) may be produced.

[0065] Referring to FIG. 14, if the gap adjusting member
140 shifts in a right direction, the upper substrate 120 at the
end of the second region B is let down to decrease the gap
distance between the lower and upper substrates 110 and 120
to H3 from H2. Accordingly, the fluid containing the primary
antigen-antibody reactant and an unreacted blood plasma
component can progress to a distance L.2. This may transfer
the primary antigen-antibody reactant produced in the first
reaction part 160.

[0066] Referring to FIG. 15, if the gap adjusting member
140 further shifts in the right direction, the upper substrate
120 at the end of the second region B is more let down to
decrease the gap distance between the lower and upper sub-
strates 110 and 120 to H4 from H3. Accordingly, the fluid
containing the primary antigen-antibody reactant and the
unreacted blood plasma component can further progress up to
a distance L3. The above-described procedure illustrated in
FIGS. 13 through 15 may be repetitively performed so as to
form the unreacted blood plasma component contained in the
fluid as the primary antigen-antibody reactant.

[0067] Referringto FIG. 16, if theupper substrate 120 at the
end of the second region B is completely let down by further
shifting the wedge-shaped gap adjusting member 140 in the
right direction, the gap distance between the lower and upper
substrates 110 and 120 is decreased to H1 from H4. Accord-
ingly, the fluid containing the primary antigen-antibody reac-
tant and the unreacted blood plasma component can further
progress up to a distance L4 at which the second reaction part
170, 180 and/or 190 is disposed. This may allow a secondary
antigen-antibody reaction between the primary antigen-anti-
body reactant produced in the first reactant 160 and the sec-
ondary antibody to be generated. Therefore, the secondary
antigen-antibody reactant (not shown) may be produced.
[0068] Referring to FIG. 17, if the gap adjusting member
140 shifts in a left direction again, the upper substrate 120 at
the end of the second region B is lifted up again to thereby
increase the gap distance between the lower and upper sub-
strates 110 and 120 to H3 from H1. Consequently, the fluid
containing the secondary antigen-antibody reactant, the unre-
acted primary antigen-antibody reactant and the unreacted
blood plasma component can retrogress to the distance 1.2
again.

[0069] Referring to FIG. 18, if the gap adjusting member
140 shifts in the right direction again, the upper substrate 120
at the end of the second region B is let down to decrease the
gap distance between the lower and upper substrates 110 and
120 to H1 from H3 again. Consequently, the fluid containing
the secondary antigen-antibody reactant, the unreacted pri-
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mary antigen-antibody reactant and the unreacted blood
plasma component can progress to the distance L4 again. This
may allow the secondary antigen-antibody reaction between
the primary antigen-antibody reactant and the second body of
the second reaction part 170, 180 and/or 190 to be sufficiently
generated. The above-described procedure illustrated in
FIGS. 16 through 18 may be repetitively performed so as to
form the unreacted blood plasma component contained in the
fluid as the secondary antigen-antibody reactant.

[0070] When the gap between the lower and upper sub-
strates 110 and 120 at the end of the second region B is
continually maintained H1, the fluid containing the unreacted
blood plasma component and the unreacted primary antigen-
antibody reactant can flow by virtue of the capillary force of
the capillary.

[0071] Furthermore, when the procedure illustrated in
FIGS. 16 through 18 is repeated, a noise signal, which may be
generated during analysis process, may be reduced by des-
orbing non-specific bonding components. Since it is impos-
sible for the typical capillary force lab-on-a-chip to change
the flow direction of the fluid, it is difficult to completely
desorb the non-specific bonding components. In addition, the
desorption of the non-specific bonding components is greatly
affected by the flow rate of the fluid. The typical capillary
force lab-on-a-chip can do nothing but delay the flow of the
fluid, and thus the flow rate of the fluid cannot be controlled.
In contrast, the capillary force lab-on-a-chip of the present
invention is advantageous in that it is possible to minimize the
noise signal generated during analysis process, which signifi-
cantly differs from the typical capillary force lab-on-a-chip.

[0072] As understood from FIGS. 12 through 18, the num-
ber oftimes of the flow such as retrogression, progression and
standstill of the fluid containing the blood plasma component
can be controlled if necessary. Therefore, it is possible to
freely control a reaction time between the fluid containing the
blood plasma component of the blood 150 to be analyzed and
the primary and secondary antibodies (see dots of reference
numerals 160, 170, 180 and 190).

[0073] FIG. 19 is a sectional view illustrating a capillary
force lab-on-a-chip according to an embodiment of the
present invention.

[0074] Referring to FIG. 19, the gap adjusting member 140
of the capillary force lab-on-a-chip may have a shape of a
wedge of which one portion is interposed between the lower
substrate 110 and the upper substrate 120. A step motor 145
drives the wedge-shaped gap adjusting member 140 to move
in a right direction and/or a left direction between the lower
and upper substrates 110 and 120 at the end of the second
region B, thus making it possible to freely control the gap
distance between the lower substrate 110 and the upper sub-
strate 120 at the end of the second region B. That is, the
capillary force of the capillary is controlled by the wedge-
shaped gap adjusting member 140 that is driven by the step
motor 145. Therefore, the reaction time between the fluid
sample 150 to be analyzed and the reagent can be freely
controlled.

[0075] FIGS. 20 through 23 are sectional views and side
views illustrating an operation principle of a capillary force
lab-on-a-chip according to another embodiment of the
present invention.

[0076] Referring to FIGS. 20 and 21, the gap adjusting
members 140eq and 140eb of the capillary force lab-on-a-
chip may be a pair of electromagnets, which are respectively
provided on the lower and upper substrates 110 and 120 at the
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end of the second region B. Herein, the gap adjusting mem-
bers 140ea and 140eb may be arranged in such a way to face
the gap between the lower and upper substrates 110 and 120.
The capillary force lab-on-a-chip may further include a sup-
port member 135 configured to maintain the gap distance
between the lower and upper substrates 110 and 120 at the end
of the second region B minimally. The support member 135
may be disposed between the lower and upper substrates 110
and 120 at the end of the second region B. The support
member 135 may be used to prevent the lower and upper
substrates 110 and 120 of the capillary from contacting each
other.

[0077] When an attractive force Fa is exerted between the
gap adjusting member 140ea and 140eb, i.e., the pair of the
electromagnets, the gap distance between the lower and upper
substrates 110 and 120 at the end of the second region B may
be decreased.

[0078] Referring to FIGS. 22 and 23, a repulsive force Fr is
exerted between the gap adjusting member 140ea and 140eb,
i.e., the pair of the electromagnets, the gap distance between
the lower and upper substrates 110 and 120 at the end of the
second region B may be increased.

[0079] According to the direction of current supplied to the
pair of the electromagnets, the attractive force or the repulsive
force may be exerted between the pair of electromagnets. In
addition, the intensity of the attractive or repulsive force
generated between the pair of electromagnets can be adjusted
depending on the intensity of the current supplied to the pair
of electromagnets. That is, the capillary force of the capillary
is controlled by virtue of the gap adjusting members 140ea
and 140eb configured with the pair of electromagnets so that
it is possible to freely control the flow such as retrogression,
progression, and standstill of the fluid sample 150. This may
allow the reaction time between the fluid sample 150 to be
analyzed and the reagent to be freely controlled.

[0080] The capillary force lab-on-a-chip according to the
embodiments of the present invention is configured to control
the gap of the capillary so that the flow of the microfluid can
be freely controlled. Consequently, it is possible to realize a
capillary force lab-on-a-chip with enhanced performance that
can freely control the reaction time between the fluid sample
to be analyzed and the reagent, and a method of driving the
capillary force lab-on-a-chip.

[0081] The above-disclosed subject matter is to be consid-
ered illustrative, and not restrictive, and the appended claims
are intended to cover all such modifications, enhancements,
and other embodiments, which fall within the true spirit and
scope of the present invention. Thus, to the maximum extent
allowed by law, the scope of the present invention is to be
determined by the broadest permissible interpretation of the
following claims and their equivalents, and shall not be
restricted or limited by the foregoing detailed description.

1. A lab-on-a-chip comprising:

a first region where a first substrate and a second substrate
are bonded;

a second region where the first and second substrates are
not bonded; and

a gap adjusting member disposed at an end of the second
region that is opposite to a boundary between the first
and second regions, the gap adjusting member being
configured to adjust a gap between the first and second
substrates to control a capillary force.

2. The lab-on-a-chip of claim 1, wherein at least one of the

first and second substrates comprises a flexible substrate.
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3. The lab-on-a-chip of claim 1, wherein the first substrate
of the first region comprises a filter part and a first reaction
part.

4. The lab-on-a-chip of claim 3, wherein the second sub-
strate of the first region comprises a blood injection hole.

5. The lab-on-a-chip of claim 3, wherein the filter filters
blood cells of blood and passes blood plasma component
only.

6. The lab-on-a-chip of claim 3, wherein the first reaction
part comprises a primary antibody that reacts with a blood
plasma component of blood to form a primary antigen-anti-
body reactant.

7. The lab-on-a-chip of claim 1, wherein both sides of the
first and second substrates of the second region are exposed.

8. The lab-on-a-chip of claim 1, wherein the first substrate
of the second region comprises at least one of second reaction
parts.

9. The lab-on-a-chip of claim 8, wherein the second reac-
tion part comprises a secondary antibody that reacts with the
primary antigen-antibody reactant to form a secondary anti-
gen-antibody reactant.

10. The lab-on-a-chip of claim 1, wherein the gap adjusting
member has a shape of a wedge of which one portion is
interposed between the first and second substrates.

11. The lab-on-a-chip of claim 10, wherein the gap adjust-
ing member moves in a left direction or a right direction by a
step motor to adjust a gap between the first and second sub-
strates at the end of the second region.

12. The lab-on-a-chip of claim 1, wherein the gap adjusting
member comprises a pair of electromagnets that are respec-
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tively provided on the first and second substrates at the end of
the second region, the pair of electromagnets facing the gap
between the first and second substrates.

13. The lab-on-a-chip of claim 12, wherein the gap adjust-
ing member adjusts the gap between first and second sub-
strates at the end of the second region by an attractive force
and a repulsive force between the pair of the electromagnets.

14. The lab-on-a-chip of claim 12, further comprising a
support member interposed between the first and second sub-
strates at the end of the second region, and maintaining the
gap between the first and second substrates to be minimized.

15. A method of driving a lab-on-a-chip, the method com-
prising:

preparing the lab-on-a-chip including a first region where a

first substrate and a second substrate are bonded, and a
second region where the first and second substrates are
not bonded; and

controlling fluid flow in the second region by adjusting a

gap between the first and second substrates at an end of
the second region corresponding to a boundary between
the first and second regions.

16. The method of claim 15, wherein the fluid flow includes
progression, retrogression from the first region to the second
region, or/and standstill.

17. The method of claim 15, wherein the second region
comprises at least one reaction part, and the controlling of the
fluid flow in the second region comprises controlling a reac-
tion between the fluid and the reaction part.
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