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NANO-FLUIDIC DEVICE AND CHEMICAL
ANALYSIS APPARATUS

TECHNICAL FIELD

The present invention relates to a nano-fluidic device and
a chemical analysis apparatus.

BACKGROUND ART

In the related art, a microscale fine space is expected to be
used in the field of diagnosis, analysis, or the like in order
to realize a reduction in a mixing and reaction time, a
significant reduction in the amount of a sample and reagent,
a reduction in the size of a device, and the like. For example,
a device in which a microchannel including a groove having
a depth of several hundreds of micrometers or less is formed
in a glass substrate (microchip) having a size of several
square centimeters for integration of a chemical system is
known.

One element device for integration of a chemical system
is a device such as a valve capable of controlling fluid. By
incorporating a valve into a device, a flow direction of fluid
flowing through a micro channel can be regulated, or the
flow of fluid can be controlled.

For example, Non-Patent Document 1 describes a device
that opens and closes a microchannel using a shape change
of dimethylpolysiloxane (PDMS), which is a soft polymer
material.

In addition, for example, Patent Document 1 describes a
fluid-controlling device including a microscale valve in
which a glass substrate having a hollow portion is used and
in which fluid can be controlled by changing the volume of
the hollow portion.

However, recently, a nanoscale fine space having a
smaller scale than a microscale fine space has been consid-
ered.

A nanoscale fine space is predominantly smaller than a
single cell, and thus is also expected to be used as a single
cell analysis device. For example, by analyzing protein or
the like in one cell having a size of several tens of microm-
eters using an extended nanospace having a size of several
tens to several hundreds of nanometers, which is predomi-
nantly smaller than a single cell, a unique function of each
cell that has not been discovered using an average of
multiple cells can be analyzed. In addition, for example, it
is expected that cancer diagnosis can be performed using
one cancer cell that has been initially developed.

Further, a device using a nanoscale fine space is expected

to be used as an ultrahigh-sensitivity analysis tool.
This way, by using an extended nanospace, high-sensitivity
and high-speed chromatography, immunoassay of a single
molecule or a countable molecule (molecule having a size to
be countable), or the like can be realized.

A nanoscale fine space in which an effect of a surface is
predominant exhibits unique solution properties compared
to a microscale fine space. Therefore, a new device using
such unique solution properties has attracted attention.

Even in an innovative functional device using an extended
nanospace having a size of several tens to several hundreds
of nanometers, it has been requested to control fluid flowing
through the inside of a nano channel. For example, Non-
Patent Document 2 describes a stop valve using a Laplace
pressure at a gas-liquid interface between a hydrophobic
portion and a hydrophilic portion provided in a nanochannel.
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SUMMARY OF INVENTION
Technical Problem

However, a nano-fluidic device that can control a nano-
sized channel to be opened and closed has not been realized

For example, a nano-sized channel can be prepared using
soft PDMS or the like described in Non-Patent Document 1,
but it is difficult to allow this channel to function as a valve
that can be controlled to be opened and closed.

A nano-sized channel is narrower than a micro-sized
channel. Therefore, an internal pressure applied to the nano-
sized channel is high, and it is necessary to increase a
pressure during opening and closing of the channel. How-
ever, in a case where soft PDMS or the like is used as a
material constituting a channel, PDMS is deformed due to an
internal pressure, and a designed shape of a nanochannel
cannot be maintained. In addition, portions formed of PDMS
may adsorb to each other due to excessively strong defor-
mation during pressing, and a nanochannel cannot be main-
tained. That is, even in a case where soft materials such as
PDMS is used for a nano-fluidic device that opens and closes
a nanochannel, a sufficient effect cannot be obtained. In
addition, a nano-fluidic device in which PDMS or the like is
used as a material constituting a channel has a problem in
that it cannot be used in an organic chemical process.

In addition, for example, the scale of a diaphragm valve
structure used in the fluid-controlling device described in
Patent Document 1 cannot be reduced to nanoscale. In the
diaphragm valve described in Patent Document 1, the flow
of fluid is controlled by forming a hollow portion on glass
and changing the volume of the hollow portion. The hole
diameter of the hollow portion in which the hollow portion
can be controllably provided on glass is several tens to
several hundreds of micrometers. That is, in a case where the
hollow portion is applied to a nanoscale flow path, the valve
cannot appropriately function due to an excessively large
hole diameter. In addition, a configuration of providing a
through-hole using a focused ion beam (FIB) to reduce a
beam diameter to a size of several nanometers to several
hundreds of nanometers can be considered. However, a hole
that penetrates glass substrate cannot be formed by FIB
processing.

On the other hand, the stop valve using a Laplace pressure
described in Non-Patent Document 1 can control the flow of
a nano-sized flow path. However, the stop valve using a
Laplace pressure controls fluid by using a Laplace pressure
generated by a liquid surface tension as a threshold. There-
fore, the flow of fluid can be controlled only once, and it is
difficult to freely control the flow of fluid multiple times.

The present invention has been made in consideration of
the above-described circumstances, and an object thereof is
to provide a nano-fluidic device in which a valve that can
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open and close a nanochannel is provided. Another object of
the present invention is to provide a chemical analysis
apparatus using the nano-fluidic device.

Solution to Problem

In order to achieve the object, the present invention adopts
the following means.

(1) According to one aspect of the present invention, a
nano-fluidic device is provided, including: a first substrate
that has a nanoscale groove on one surface; and a second
substrate that is integrally provided with the first substrate
by bonding one surface of the second substrate to the one
surface of the first substrate and forms a nanochannel with
the groove of the first substrate, in which either the first
substrate or the second substrate includes at least a thin
portion in a part of a position overlapping the nanochannel
in plan view, and the thin portion is deformed by pressing to
open and close the nanochannel.

(2) In the nano-fluidic device according to (1), a thickness
of the thin portion may be 10 mm or less.

(3) In the nano-fluidic device according to (1) or (2), a
width of the thin portion in a direction in which the nano-
channel extends may be 2 um to 100 pm.

(4) In the nano-fluidic device according to any one of (1)
to (3), the nanochannel formed by the first substrate and the
second substrate may include a channel portion that extends
in one direction, and a valve operation region that is pro-
vided in a position overlapping the thin portion in plan view
and has a wider width than the nanochannel.

(5) In the nano-fluidic device according to any one of (1)
to (4), among the first substrate and the second substrate, a
substrate that does not include the thin portion may include
a protrusion portion that is provided in a position in the
nanochannel facing the thin portion and with which the
deformed thin portion comes into contact.

(6) In the nano-fluidic device according to any one of (1)
to (5), among the first substrate and the second substrate, a
substrate that does not include the thin portion may include
a recessed portion that is provided in a position in the
nanochannel facing the thin portion and has a shape con-
forming to a shape of the deformed thin portion.

(7) The nano-fluidic device according to any one of (1) to
(6) may further include a pressing mechanism which is
configured to perform the pressing.

(8) According to another aspect of the present invention,
a chemical analysis apparatus is provided, including the
nano-fluidic device according to any one of (1) to (7).

(8) According to still another aspect of the present inven-
tion, a chemical analysis apparatus is provided, including:
the nano-fluidic device according to any one of (1) to (7);
and two micro-fluidic devices that include a microchannel
and are disposed such that the nano-fluidic device is inter-
posed between the micro-fluidic devices, in which the nano-
fluidic device and each of the two or more micro-fluidic
devices are connected to each other by connecting the
nanochannel and the microchannel to each other, and chemi-
cal analysis is performed using the nano-fluidic device.

Advantageous Effects of Invention

In the nano-fluidic device according to the aspect of the
present invention, the nanochannel can be freely opened and
closed, and fluid flowing through the nanochannel can be
controlled.
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BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a perspective view schematically showing a
nano-fluidic device according to an embodiment of the
present invention.

FIG. 2 is a cross-sectional view (taken along line A-A of
FIG. 1) schematically showing the nano-fluidic device
according to the aspect of the present invention.

FIG. 3 is a plan view schematically showing the nano-
fluidic device according to the aspect of the present inven-
tion.

FIG. 4 is a cross-sectional view schematically showing a
function of the nano-fluidic device according to the aspect of
the present invention.

FIG. 5 is a cross-sectional view schematically showing a
modification example of the nano-fluidic device according
to the aspect of the present invention.

FIG. 6 is a cross-sectional view schematically showing a
modification example of the nano-fluidic device according
to the aspect of the present invention.

FIG. 7 is a cross-sectional view schematically showing a
modification example of the nano-fluidic device according
to the aspect of the present invention.

FIG. 8 is a cross-sectional view schematically showing a
modification example of the nano-fluidic device according
to the aspect of the present invention.

FIG. 9 is a plan view schematically showing the nano-
fluidic device according to the aspect of the present inven-
tion.

FIG. 10 is a cross-sectional view schematically showing
a function of the nano-fluidic device according to the aspect
of the present invention.

FIG. 11 is a perspective view schematically showing a
chemical analysis apparatus according to an aspect of the
present invention.

FIG. 12 is a microscopic image before and after opening
and closing a nanochannel by introducing a fluorescent
solution into a fluid device according to Example 1 and
operating an actuator.

DESCRIPTION OF EMBODIMENTS

Hereinafter, a configuration of the present invention will
be described using the drawings. In the drawings used for
the following description, characteristic portions are
enlarged and shown for convenience of easy understanding
of characteristics, but dimensional ratios and the like of
respective components are not necessarily the same as the
actual ones. In the following description, materials, dimen-
sions, and the like are merely exemplary, and the present
invention is not limited thereto. Within a range not departing
from the scope of the present invention, appropriate modi-
fications can be made.

(Nano-Fluidic Device)

FIG. 1 is a perspective view showing a nano-fluidic
device according to an aspect of the present invention. The
nano-fluidic device 10 includes: a first substrate 1 that
includes a groove 1a; and a second substrate 2 that is bonded
to the first substrate 1. In an aspect where the nano-fluidic
device 10 is used, an actuator (pressing mechanism) 3 that
presses a predetermined position of the nano-fluidic device
10 is provided in the nano-fluidic device 10.

The nano-fluidic device 10 includes a nanochannel C that
is formed by bonding the first substrate 1 and the second
substrate 2 to each other. The nanochannel C is formed by
the groove 1a of the first substrate 1 and one surface of the
second substrate 2.
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FIG. 2 is a diagram schematically showing a cross-section
(taken along line A-A of FIG. 1) of the nano-fluidic device
according to the aspect of the present invention. As shown
in FIG. 2, a thin portion 2A is provided on a surface of the
second substrate 2 that is pressed by the actuator 3. In the
nano-fluidic device 10 shown in FIG. 2, the entire area of the
second substrate 2 is thinned to form the thin portion 2A.
The thin portion 2A is a portion that is deformed by the
pressing of the actuator 3, and is an operation portion of a
valve.

A protrusion portion 1A is provided in a position of the
first substrate 1 in which the thin portion 2A is not provided,
that is, the position facing the thin portion 2A. The thin
portion 2A deformed by the pressing of the actuator 3 comes
into contact with the protrusion portion 1A such that the
nanochannel C is closed. That is, in the nano-fluidic device
10, the nanochannel C can be opened and closed by the
pressing of the actuator 3.

The thickness of the thin portion 2A varies depending on
a pressure at which the thin portion 2A is pressed, the
hardness of the second substrate 2, and the like. In a case
where an operation amount in which the thin portion 2A and
the protrusion portion 1A come into contact with each other
by the pressing of the actuator 3 is sufficiently small, the
thickness of the thin portion 2A may be about 10 mm.
However, the thickness of the thin portion 2A is preferably
100 pm or less and more preferably 10 pm or less. In
addition, the thickness of the thin portion 2A is preferably
100 nm or more.

In a case where the thickness of the thin portion 2A is in
the above-described range, the thin portion 2A can be
deformed by the pressing without being fractured.

The pressure at which the actuator 3 presses the thin
portion 2A varies depending on the Young’s modulus of a
material constituting the nano-fluidic device, the thickness
thereof, the area of a pressed portion, and the like. However,
it is necessary that the actuator 3 press the thin portion 2A
at a pressure that is equal to or higher than the internal
pressure of the nanochannel. The pressure is preferably 10°
Pa or higher, more preferably 107 Pa or higher, and still more
preferably 10° Pa or higher.

FIG. 3 is a plan view schematically showing the nano-
fluidic device according to the aspect of the present inven-
tion. The nanochannel C provided in the nano-fluidic device
10 shown in FIG. 3 includes a channel portion C1 and a
storage portion C2. The channel portion C1 is a channel
through which fluid flows from a supply side to a discharge
side. The storage portion C2 stores fluid when the fluid is
dammed by the pressing of the actuator 3. The storage
portion C2 also functions as an operation region where the
thin portion 2A, which is the operation portion of a valve,
can operate. By providing the storage portion C2, a rapid
change in flow path resistance caused when fluid is dammed
can be avoided.

At least either a depth or a width of the nanochannel C is
an extended nano-size. The extended nano-size refers to a
size in a range of 10 nm to 1000 nm. The extended nano-size
is smaller than a single cell having a size of several tens of
micrometers. Therefore, small amount of proteins in one cell
can be caused to flow in a state where they are separated
from each other. In addition, the nanochannel C has an
extremely small spatial volume in a range of several attoli-
ters to several femtoliters, and the amount of fluid supplied
to the nanochannel C can be made to be extremely small.

In the nanochannel C, a depth D, of the channel C1 is
preferably 10 nm to 1000 nm, more preferably 100 nm to
600 nm, and still more preferably 300 nm to 500 nm. A width
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W.. of the channel C1 is preferably 10 nm to 1000 nm, more
preferably 500 nm to 1000 nm, and still more preferably 700
nm to 900 nm. In a case where the channel portion C1 is in
the above-described range, the channel portion C1 can be
processed with high processing accuracy, and cell can be
prevented from flowing into the channel C1 at the same
time.

The volume of the storage portion C2 of the nanochannel
C is preferably several picoliters or less, and it is preferable
that the volume of the storage portion C2 satisfy the fol-
lowing Relational Expression (1).

L

In a case where the volume of the storage portion C2 is
extremely large with respect to the volume of fluid supplied
from the nanochannel C1 having the extended nano-size, the
storage portion C2 is not filled with the fluid flowing into the
storage portion C2, and a dead space is formed therein. As
a result, even in a state where the nanochannel C is not
closed, fluid may flow out to the discharge side of the
nanochannel C, and the fluid controllability of the nano-
fluidic device 10 deteriorates.

As described above, the nanochannel C has the extended
nano-size. That is, the volume of fluid flowing through the
inside of the flow path is in a range of several attoliters to
several femtoliters. In a case where the volume of the
storage portion C2 is several picoliters or less, the formation
of a dead space in the storage portion C2 is prevented, and
the retention of fluid in the storage portion C2 can be
prevented.

In addition, Expression (1) shows conditions under which
a dead space is not likely to be formed. A numerator of
Expression (1) represents the volume of the storage portion
C2. On the other hand, a denominator of Expression (1)
represents the volume of the channel portion C1 in a region
at a distance of a width W, of the storage portion C2 from
a boundary between the storage portion C2 and the channel
portion C1 to the channel portion C1 side. That is, the
denominator represents the approximate volume of fluid that
flows through the storage portion C2 when the fluid flows
into the nanochannel C. In a case where the volume of the
storage portion C2 is excessively large with respect to the
amount of the fluid flowing into the nanochannel C, a dead
space is likely to be formed. In order to avoid the formation
of a dead space and to prevent fluid convection in the storage
portion C2, the left side of Expression (1) is preferably less
than 10, more preferably less than 5, and still more prefer-
ably less than 3.

A depth D and the width W, of the storage portion C2 can
be appropriately set such that the volume of the storage
portion C2 satisfies the above-described relationship.

The depth of the storage portion C2 is preferably 10 nm

to 1000 nm, more preferably 20 nm to 300 nm, and still more
preferably 50 nm to 200 nm.
In a case where the depth of the storage portion C2 is large,
the shape displacement of the thin portion 2A is large. In this
case, it is necessary to increase the pressure at which the thin
portion 2A is pressed, and the thin portion 2A is likely to be
fractured. On the other hand, in a case where the depth of the
storage portion C2 is excessively small, the effect of the
surface roughness of glass is large. Depending on the surface
state of glass, the fluid controllability deteriorates.
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The width W, of the storage portion C2 can be calculated
back from the depth D, of the storage portion C2 and
conditions of the volume of the storage portion C2. Specifi-
cally, the width W, of the storage portion C2 is preferably 2
pm to 100 pm, more preferably 10 um to 50 pM, and still
more preferably 20 to 40 pm. In a case where the width W,
of the storage portion C2 is in the above-described range, the
formation of a dead space in the storage portion C2 can be
avoided. It is preferable that the width of the storage portion
C2 match the width of the thin portion 2A in a direction in
which the nanochannel C extends.

In addition, in the above description, from the viewpoint

of the volume of the storage portion C2, the preferable
ranges of the depth D, and the width W, of the storage
portion C2 are defined. On the other hand, from the view-
point that the storage portion C2 functions as the operation
region with respect to the operation portion of a valve, the
preferable ranges of the depth D, and the width W, of the
storage portion (operation region) C2 can also be deter-
mined.
In order to reduce a curvature of the thin portion (valve
operation portion) 2A when the thin portion 2A as the
operation portion of a valve is pressed, it is preferable that
the width W, of the storage portion (operation region) C2 be
wide. Specifically, the width W, of the storage portion
(operation region) C2 is preferably 2 pm or more and more
preferably 10 um or more.

In addition, in order to reduce the shape displacement of
the thin portion (valve operation portion) 2A during press-
ing, it is preferable that the depth D,, of the storage portion
(operation region) C2 be shallow. Specifically, the depth D,
of the storage portion (operation region) C2 is preferably 10
nm or more and is preferably 1 pum or less.

A material used in the first substrate 1 and the second
substrate 2 is not particularly limited as long as it has
sufficient rigidity for forming the nanochannel C and main-
taining the shape. Regarding the rigidity for forming the
nanochannel C and maintaining the shape, for example, the
Young’s modulus is preferably 107 Pa or higher, more
preferably 10° Pa or higher, and still more preferably 10*° Pa
or higher.

Specifically, the first substrate 1 and the second substrate
2 can be formed of, for example, glass, silicon, ceramic,
acryl, polycarbonate (PC), polyphenylene sulfide (PPS),
polyether ether ketone (PEEK), polyacetal (POM), polyeth-
ylene terephthalate (PET), or polybutylene terephthalate
(PET). For example, the Young’s modulus of glass, silicon,
or ceramic is 10'° to 10'* Pa. For example, the Young’s
modulus of polycarbonate is 10° Pa. PDMS has a Young’s
modulus of 10° Pa and is soft. A soft material is presumed
to be deformed by the internal pressure of fluid flowing
through the inside of the flow path, and thus is not prefer-
able.

In addition, in consideration of the use in an organic
chemical process, it is preferable that an inorganic material
such as glass, silicon, or ceramic be used. From the view-
point of easy manufacturing of the nano-fluidic device 10, it
is preferable that glass, silicon, or the like be used. Using this
material, the nanochannel C can be formed by low-tempera-
ture bonding described below.

FIG. 4 is a cross-sectional view schematically showing a
function of the nano-fluidic device according to the aspect of
the present invention. As shown on the left side of FIG. 4,
in a case where the actuator 3 does not press the second
substrate 2, the nanochannel C is open. Therefore, fluid
flows through the inside of the nanochannel C.
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On the other hand, as shown on the right side of FIG. 4,
in a case where the actuator 3 presses the second substrate
2, the thin portion 2A of the second substrate 2 is deformed.
By the deformed thin portion 2A and the protrusion portion
1A of the first substrate 1 coming into contact with each
other, the nanochannel C is closed, and the flow of fluid in
the nanochannel C is interrupted.

A change rate in flow path resistance before and after the
opening and closing of the nanochannel C is preferably 10
times or more, more preferably 30 times or more, and still
more preferably 50 times or more. The flow path resistance
being high represents that fluid is not likely to flow through
the inside of the nanochannel C. Conversely, the flow path
resistance being low represents that fluid is likely to flow
through the inside of the nanochannel C.

That is, the change rate in flow path resistance being high
represents that fluid is not likely to flow in a state where the
nanochannel C is closed and that fluid is likely to flow in a
state where the nanochannel C is open. In a case where the
change rate in flow path resistance is in the above-described
range, once the nanochannel C is opened, fluid can be caused
to flow to the discharge side. Therefore, response charac-
teristics of the nano-fluidic device 10 can be improved.

As described above, the nano-fluidic device 10 according
to the aspect of the present invention is pressed by the
actuator 3 or the pressing is stopped such that the nanochan-
nel C can be freely opened and closed.

It has been considered that, in a case where the rigidity of
a base material constituting a channel is high, the channel
cannot be opened and closed using a mechanical force of the
actuator 3 or the like. The reason for this is that the
displacement of the base material having a high rigidity is
small with respect to the pressure to be pressed. Therefore,
in a microchannel or the like, in general, PDMS or the like
having a low rigidity is used.

On the other hand, in order to form the nanochannel C, a
base material having a high rigidity is required due to
processing accuracy. That is, the mechanical opening and
closing of the flow path has not been reported. However, in
the nano-fluidic device 10 according to the aspect of the
present invention, the nanochannel C itself is an extremely
small flow path having an extended nano-size, and a sufli-
cient displacement can be secured using a base material
having a high rigidity. As a result, the nano-fluidic device 10
according to the aspect of the present invention can freely
open and close the nanochannel C using a mechanical force.

Hereinabove, the nano-fluidic device 10 according to the
embodiment of the present invention has been described
with reference to the drawings. However, within a range not
departing from the scope of the present invention, various
modifications can be made to the respective configurations.

For example, as in a nano-fluidic device 11 shown in FIG.
5, the depth of the nanochannel C may be set to be constant
without providing the protrusion portion on the first sub-
strate 1. In addition, a configuration in which the storage
portion C2 of the nanochannel C shown in FIG. 3 is not
provided may be adopted. That is, a configuration in which
the actuator 3 is provided on the nanochannel C extending
in one direction and presses the nanochannel C may be
configured. According to this configuration, the nanochannel
C can be easily processed.

In addition, as in a nano-fluidic device 12 shown in FIG.
6, a configuration in which the thin portion 2A is formed
only in a portion of the second substrate 2 that is pressed by
the actuator 3 may be adopted. This way, by forming only a
portion of the second substrate 2 where shape displacement
by pressing is required to be thin and forming the other
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portions of the second substrate 2 to be thick, even in a case
where an external force is applied to the nano-fluidic device
12, the nano-fluidic device 12 can be prevented from being
fractured.

In this case, it is preferable that the width of the second
substrate 2 in which the thin portion 2A is provided (the
width in a direction the nanochannel extends) be 2 to 100
um. By adjusting the width of the thin portion 2A to be in
the above-described range, the thin portion 2A can be
provided only in the portion pressed by the actuator 3, and
the fracture of the nano-fluidic device 12 can be further
suppressed.

In addition, in FIG. 1, the groove 1a is provided only in
the first substrate 1. However, as in a nano-fluidic device 13
shown in FIG. 7, a groove 2a corresponding to the groove
la may also be provided in the second substrate 2. In this
case, the groove 1a of the first substrate 1 and the groove 2a
of the second substrate 2 form the nanochannel C.

In addition, in the examples shown in FIG. 2, the actuator
3 is provided on the second substrate 2 side. However, as in
a nano-fluidic device 14 shown in FIG. 8, the actuator 3 may
press the first substrate 1. In this case, a portion of the first
substrate 1 that is pressed by the actuator 3 is required to be
deformed, and thus forms a thin portion 1B. A portion of the
first substrate 1 other than the thin portion 1B may be thinner
or thicker than the thin portion 1B.

In addition, the shape of the storage portion (operation
region) C2 of the nanochannel C is not limited to a rectan-
gular shape shown in FIG. 3, and may be an arbitrary shape.
For example, as in a nano-fluidic device 16 shown in FIG.
9, the shape of the storage portion (operation region) C2 may
be a circular shape in plan view. In a case where the shape
of the storage portion C2 is a circular shape in plan view, the
pressing of the actuator 3 is uniformly distributed in the
storage portion C2.

In a case where the shape of the storage portion C2 is a
circular shape, the width of the storage portion C2 refers to
the diameter of the storage portion C2. It is preferable that
the volume of the storage portion C2 of the nanochannel C
satisfy the following Relational Expression (2).

(W, /2)* Dy @

W.W.D. <10

In addition, as in a nano-fluidic device 17 shown in FIG.
10, a recessed portion 1C that has a shape conforming to the
shape of the deformed thin portion may be provided in a
position facing the thin portion 2A in the nanochannel C.

FIG. 10 is a cross-sectional view schematically showing
a function of the nano-fluidic device 17 according to the
aspect of the present invention. As shown on the left side of
FIG. 10, in a case where the actuator 3 does not press the
second substrate 2, the channel portion C1 and the storage
portion (operation region) C2 are connected through a
connection path C3 to cause fluid to flow. The connection
path C3 is a groove that is provided in the protrusion portion
1A of the first substrate 1 and that connects the channel
portion C1 and the storage portion (operation region) C2.

On the other hand, as shown on the right side of FIG. 10,
in a case where the actuator 3 presses the second substrate
2, the thin portion 2A of the second substrate 2 is deformed.
The deformed thin portion 2A and the recessed portion 1C
come into surface contact with each other. In a case where
the thin portion 2A and the recessed portion 1C come into
surface contact with each other, fluid cannot move forward
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from the connection path C3, and a valve is closed. The
surface contact has higher adhesion than point contact. For
example, as in the case of point contact shown in FIG. 4,
fluid may leak through a gap around a pressing point pressed
by the actuator 3. However, by adopting surface contact, this
fluid leakage can also be prevented.

(Chemical Analysis Apparatus)

A chemical analysis apparatus according to an aspect of
the present invention includes the above-described nano-
fluidic device. FIG. 11 is a perspective view schematically
showing a chemical analysis apparatus 100 according to an
aspect of the present invention. The chemical analysis
apparatus 100 includes: the above-described nano-fluidic
device 10; and two or more micro-fluidic devices 20 that
include a microchannelh and are disposed such that the
nano-fluidic device 10 is interposed between the micro-
fluidic devices 20. The nano-fluidic device 10 and each of
the two or more micro-fluidic devices 20 are connected to
each other by connecting the nanochannel and the micro-
channel to each other.

As shown in FIG. 11, the chemical analysis apparatus 100
includes: a microscale region p that is formed of the micro-
fluidic device 20; and a nanoscale region n that includes the
nano-fluidic device 10.

As a configuration of the micro-fluidic device 20, a
well-known configuration can be used. For example, as
shown in FIG. 11, the micro-fluidic device 20 may include:
a temporary storage region 22 in which a sample injected
from an injection port 21 is temporarily stored; and a
disintegration region 23 where a cell transported from the
temporary storage region 22 is disintegrated. Means for
disintegrating a cell in the disintegration region 23 is not
particularly limited. A configuration in which a pillar or the
like is provided in a flow path to disintegrate a cell flowing
along with the flow of fluid may be adopted.

In FIG. 11, the microscale region p functions to connect
the nanoscale region n to a microscale region where a person
performs an operation. For example, on a microscale, a
person injects a sample such as a cell disintegrated in a test
tube from the injection port 21. The injected sample flows
through the microchannel and is stored in the temporary
storage region 22. One cell in the temporary storage region
22 is selected using optical tweezers or the like and is
transported to the disintegration region 23. The transported
cell is disintegrated in the disintegration region 23 and is
supplied to the nanoscale region n. According to the above-
described procedure, the microscale region | can be con-
nected to the nanoscale region.

The sample supplied to the nanoscale region n including
the nano-fluidic device 10 according to the above-described
procedure is provided for various measurements in the
nanoscale region. In the nanoscale region n, the spatial
volume is predominantly smaller than one cell having a size
of several tens of micrometers, and thus a unique function of
each cell that has not been discovered using an average of
multiple cells can be analyzed. In addition, the nanochannel
is a size-controlled space and has an extremely large specific
surface area. Therefore, a highly effective separation opera-
tion using chromatography, or detection of a single molecule
or a countable molecule (molecule having a size to be
countable) using immunoassay can be performed.

For example, a predetermined functional device 15 is
provided in a predetermined portion of the nanoscale region
n. As the functional device 15, an appropriate device for
immunoassay or chromatography can be provided.

As shown in FIG. 11, fluid including the sample supplied
from the microscale region . to the nanoscale region n flows
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through the nanochannel and reaches the functional device
15. At this time, before the functional device 15, a plurality
of the nano-fluidic devices 10 according to the aspect of the
present invention are provided. The nano-fluidic device 10
according to the aspect of the present invention functions as
a valve. Therefore, by opening and closing the nano-fluidic
device 10, the flow path through which fluid flows can be
regulated. In addition, a timing at which fluid is supplied to
the functional device 15 can be controlled.

In addition, in FIG. 11, only one functional device 15 is
provided. However, a plurality of functional devices 15 may
be provided so as to realize the chemical analysis apparatus
100 capable of regulating the flow path using the nano-
fluidic device 10 according to the use and performing
various kinds of analysis using one element.

The sample that has undergone various measurements in
the nanoscale region n is transported again to the microscale
region |1, and then is transported from a discharge port 24 on
a macroscale.

As described above, by using the chemical analysis appa-
ratus according to the aspect of the present invention, a
device capable of performing various kinds of analysis at
once according to the use can be realized. In addition, a
timing at which a sample is supplied to a predetermined
functional device can also be controlled, and higher-accu-
racy analysis can be performed.

(Method of Manufacturing Chemical Analysis Apparatus
and Nano-Fluidic Device)

A method of manufacturing the chemical analysis appa-
ratus according to the aspect of the present invention
includes: a step of forming a groove on one surface of the
first substrate and/or the second substrate; a step of impart-
ing a predetermined function to a portion in the formed
groove; a step of reducing the thickness of a predetermined
position of the second substrate 2; a step of fluoridating a
bonding surface of the first substrate and/or the second
substrate to adjust hydrophilicity; and a step of bonding the
first substrate and the second substrate to each other to form
a nanochannel. The method of manufacturing the chemical
analysis apparatus and the nano-fluidic device will be
described below in more detail using FIGS. 1 to 11.

First, the first substrate 1 and the second substrate 2 are
prepared. The groove la is formed in the prepared first
substrate 1. A method of forming the groove 1la is not
particularly limited. For example, the groove la can be
formed on the surface of the substrate by appropriate means
such as laser processing or etching while appropriately
adjusting the size thereof. In addition to the groove 1a that
forms the nanochannel C of the nano-fluidic device 10
according to the aspect of the present invention, a groove is
also formed in a portion that forms the functional device 15
or a portion that forms another nanochannel. For example, in
a case where a Mach-Zehnder element is used as the
functional device, a groove branched into two parts is
formed.

Next, a predetermined function is imparted to a part in the
formed groove. For example, in a case where the chemical
analysis apparatus is used for immunoassay, an antibody is
provided in a portion that forms the functional device 15. In
addition, a device corresponding to the imparted function is
provided in the groove.

Next, the thickness of the second substrate 2 is reduced.
As shown in FIG. 1, in a case where the entire area of the
second substrate 2 is thin, a commercially available thin-
layer glass can be purchased. In a case where the thickness
of only a predetermined position is reduced as shown in FIG.
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6, the thickness can be reduced by laser processing, etching,
or the like as in the method of forming the groove 1la.

Next, among the first substrate and the second substrate to
be bonded to each other, a bonding surface of at least one
substrate is fluoridated to adjust hydrophilicity.

In the step of adjusting hydrophilicity, the bonding surface
of the substrate is fluoridated. For the fluoridation, various
methods can be used. For example, the fluoridation can be
realized by supplying fluorine (for example, tetrafluo-
romethane: CF,) during irradiation of oxygen plasma. At
this time, oxygen plasma conditions may be, for example,
irradiation of oxygen pressure: 60 Pa, 250 W, and 40
seconds. In addition, regarding the degree of hydrophiliza-
tion, it can be considered that hydrophilization is sufficiently
performed as long as a water contact angle on the fluoridated
surface is 10° to 50°. In a case where the water contact angle
is in the above-described range, the bonding strength after
bonding can be made to be 0.5 J/m> or higher, and a
sufficient bonding strength can be obtained.

Finally, the first substrate 1 and the second substrate 2 are
bonding to each other such that the fluoridated surface is the
bonding surface. By using the above-described method, the
first substrate 1 and the second substrate can be bonding to
each other at a low temperature, and damage caused by heat
can be avoided.

The heating temperature during bonding is preferably 25°
C. to 400° C. and more preferably a normal temperature or
a temperature similar to a normal temperature (25° C. to
100° C.). In a case where the heating temperature is in the
above-described range, damage to the antibody and the like
provided for the functional device 15 can be reduced. In the
case of substrate bonding using a method such as thermal
fusion bonding, the temperature is 1000° C. or higher.
Therefore, in a case where surface modification is performed
in the device, damage to the surface-modified antibody and
the like increases.

The pressing pressure during bonding is preferably 1000
N to 5000 N and more preferably 4000 N to 5000 N. In a
case where the pressing pressure is lower than 1000 N, a
sufficient bonding strength cannot be maintained. In a case
where a sufficient bonding strength is not obtained, a portion
of a sample passing through the bonding surface may leak.
On the other hand, in a case where the pressing pressure is
higher than 5000 N, the substrate may be damaged.

In addition, the pressing time is preferably 1 hour to 10
hours and more preferably 9 hours to 10 hours. In a case
where the pressing time is in the above-described range, the
bonding strength can be increased.

By performing the above-described steps, the nano-fluidic
device and the chemical analysis apparatus including the
nano-fluidic device and the functional device can be easily
obtained. In addition, at this time, damage to the antibody
and the like that exhibit predetermined functions can be
avoided.

Hereinabove, the preferred embodiment of the present
invention has been described in detail. However, the present
invention is not limited to the specific embodiment, and
various modifications and changes can be made within the
scope of the present invention described in the claims.

EXAMPLES

Hereinafter, an example of the present invention will be
described. The present invention is not limited to the fol-
lowing example.
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Example 1

A nano-fluidic device having the same configuration as
that shown in FIG. 1 was prepared. A configuration of a
nanochannel is as follows.

Channel portion: depth=400 nm, width=900 nm

Storage portion: depth=100 nm, one side width=30 pm,
volume=90 L,

Length from one end of channel portion to one end of
storage portion side: 400 pm

Dead volume expressed on left side of Expression (1): 8.3
parts

Change in flow path resistance: 80 parts

Tip width of actuator: 10 pm

Material of first substrate and second substrate: glass

Thickness of second substrate (including thin portion): 10
pum

Microchannels are formed in opposite ends of a supply
port and a discharge port of the nano-fluidic device, respec-
tively, and a fluorescent solution is supplied at a pressure of
20 kPa by a pressure controller.

FIGS. 12(a) and 12(b) are microscopic images before and
after opening and closing the nanochannel by introducing
the fluorescent solution into the fluidic device according to
Example 1 and operating the actuator. FIG. 12(a) is a
microscopic image showing a state where the actuator is not
pressing the fluidic device, and FIG. 12(5) is a microscopic
image showing a state where the actuator is pressing the
fluidic device. The pressing of the actuator 