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(54) FLOW PATH DEVICE AND MEASUREMENT APPARATUS

(57) A flow path device according to the present dis-
closure includes: a first substrate having a pair of first
main surfaces and including a groove with an opening,
which is located in one of the pair of first main surfaces,
and a first recessed portion with another opening, which
is located in another one of the pair of first main surfaces,
the first recessed portion overlapping the groove; and a
second substrate having a pair of second main surfaces,
one of the pair of second main surfaces being located on
a side of the one of the pair of first main surfaces of the
first substrate to cover the opening of the groove. It is
preferable that the second substrate further includes a
second recessed portion including another opening lo-
cated in another one of the pair of second main surfaces
and overlapping the groove.
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Description

TechnicalField

[0001] The present invention relates to a flow path de-
vice and a measurement apparatus.

Background Art

[0002] Conventionally known is a measurement of a
concentration of microparticles contained in a fluid using
a flow path device (for example, refer to Japanese Patent
Application Laid-Open No. 2009-168487).

Summary

Problem to be Solved by the Invention

[0003] In such a measurement apparatus, an improve-
ment of a measurement accuracy is required.

Means to Solve the Problem

[0004] A flow path device according to the present dis-
closure comprises: a first substrate having a pair of first
main surfaces and including a groove with an opening,
which is located in one of the pair of first main surfaces,
and a first recessed portion with another opening, which
is located in another one of the pair of first main surfaces,
the first recessed portion overlapping the groove; and a
second substrate having a pair of second main surfaces,
one of the pair of second main surfaces being located on
a side of the one of the pair of first main surfaces of the
first substrate to cover the opening of the groove.
[0005] A measurement apparatus according to the
present disclosure comprises the flow path device de-
scribed above and an optical sensor facing the flow path
device.

Effects of the Invention

[0006] According to the flow path device and the meas-
urement apparatus in the present disclosure, a measure-
ment accuracy can be improved in measuring a concen-
tration of microparticles using the flow path device.

Brief Description of Drawings

[0007]

[Fig. 1] A top view illustrating an example of a meas-
urement apparatus according to an embodiment of
the present invention.
[Fig. 2] A cross-sectional view illustrating an example
of the measurement apparatus according to the em-
bodiment of the present invention.
[Fig. 3] A drawing illustrating an example of a meas-
urement method according to the embodiment of the

present invention.
[Fig. 4] A cross-sectional view illustrating a part of
an example of the measurement apparatus accord-
ing to the embodiment of the present invention.
[Fig. 5] A cross-sectional view illustrating a part of
an example of the measurement apparatus accord-
ing to the embodiment of the present invention.
[Fig. 6] A cross-sectional view illustrating a part of
an example of the measurement apparatus accord-
ing to the embodiment of the present invention.
[Fig. 7] A cross-sectional view illustrating a part of
an example of the measurement apparatus accord-
ing to the embodiment of the present invention.
[Fig. 8] A top view illustrating a part of an example
of the measurement apparatus according to the em-
bodiment of the present invention.
[Fig. 9] A bottom view illustrating a part of an example
of the measurement apparatus according to the em-
bodiment of the present invention.
[Fig. 10] A top view illustrating a part of an example
of the measurement apparatus according to the em-
bodiment of the present invention.
[Fig. 11] A bottom view illustrating a part of an ex-
ample of the measurement apparatus according to
the embodiment of the present invention.

Description of Embodiments)

[0008] Examples of a flow path device and a measure-
ment apparatus according to embodiments of the present
invention are described with reference to the drawings.
In the present disclosure, a rectangular coordinate sys-
tem (X, Y, Z) is defined for descriptive purposes to define
a positive side in a Z axis direction as an upper side,
however, in the present invention, any direction may be
the upper side or a lower side.

(Measurement apparatus)

[0009] Fig. 1 to Fig. 3 schematically illustrate an exam-
ple of a measurement apparatus 1. Fig. 1 is a top view
of the measurement apparatus 1, and Fig. 2 is a cross-
sectional view of the measurement apparatus 1 cut along
an A-A line in Fig. 1. Fig. 3(a) is a schematic cross-sec-
tional view of the measurement apparatus 1 cut along a
B-B line illustrated in Fig. 1. Fig. 3(b) is a drawing de-
scribing a system of the measurement.
[0010] The measurement apparatus 1 can measure
specific particles (microparticles) in a fluid. The meas-
urement apparatus 1 includes an optical sensor 2 and a
flow path device 3. The flow path device 3 includes a flow
path 4 inside, and a fluid (liquid) flows in the flow path 4.
The optical sensor 2 is disposed to face the flow path
device 3, and can irradiate the fluid flowing in the flow
path 4 with light and receive light passing through the
fluid. As a result, the number or concentration of the par-
ticles in the fluid can be estimated and measured based
on an output of the optical sensor 2.
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[0011] More specifically, when the fluid flowing in the
flow path 4 is irradiated with the light from the optical
sensor 2, the light passing through the fluid is diffused or
absorbed by a component of the fluid, and an intensity
of light decreases. Accordingly, a standard curve indicat-
ing a relationship between a sample including particles,
the number or concentration of which is already known,
and an attenuation amount of the light is previously pre-
pared, and the standard curve and the light intensity in
the fluid obtained from the sample including specific par-
ticles to be measured are compared with each other, thus
the number or concentration of the specific particles can
be measured.
[0012] The flow path device 3 is a device including the
measurement flow path 4 for measuring first particles in
a first fluid. The flow path 4 in the flow path device 3
according to the present disclosure includes a first flow
path 5 and a second flow path 6. The first fluid including
the particles (first particles) to be measured flows in the
first flow path 5. A fluid (second fluid) which does not
include the first particles flows in the second flow path 6.
In other words, the first flow path 5 is a flow path for
measurement, and the second flow path 6 is a flow path
for correction. The first fluid is a sample, and may be a
fluid or the like from which specific microparticles such
as white blood cells (leucocytes) are extracted from blood
or the like, for example. The second fluid is a fluid for
correction, and a saline solution or the like can be applied,
for example.
[0013] The optical sensor 2 can sense the first parti-
cles. The optical sensor 2 includes a light-emitting ele-
ment 7 and a light receiving element 8. The optical sensor
2 irradiates each of the first flow path 5 and the second
flow path 6 with light from the light-emitting element 7,
and receives the light passing through each of the first
flow path 5 and the second flow path 6 in the light receiv-
ing element 8 in the measurement.
[0014] The measurement apparatus 1 compares an in-
tensity of the light (first light) passing through the first flow
path 5 and an intensity of the light (second light) passing
through the second flow path 6, which of which is ob-
tained by the optical sensor 2, thereby being able to
measure the number or concentration of the first parti-
cles. That is to say, the measurement apparatus 1 cal-
culates a difference of intensity between the first light and
the second light, and compares the difference of intensity
between the first light and the second light with the stand-
ard curve, thereby being able to measure the number or
concentration of the first particles.
[0015] Particularly, as illustrated in Fig. 3(a) and Fig,
3(b), the optical sensor 2 firstly measures the intensity
of the light in a non-reflection region R0, and outputs a
reference signal S1. Next, the optical sensor 2 measures
an intensity of light passing through the second flow path
6 (in the present disclosure, a reflection light from a mirror
member 53 disposed on an upper side of the second flow
path 6), and outputs a correction signal S2. Next, the
optical sensor 2 measures an intensity of light passing

through the first flow path 5 (in the present disclosure, a
reflection light from a mirror member 53 disposed on an
upper side of the first flow path 5), and outputs a meas-
urement signal S3. Calculated next is a measurement
value R (= (S2-S1) - (S3-S1) = S2-S3) obtained by sub-
tracting a difference between the measurement signal
S3 and the reference signal S1 (S3-S1) from a difference
between the correction signal S2 and the reference signal
S1 (S2-S1). Then, the measurement value R and the
standard curve which is previously prepared are com-
pared, thus the number or concentration of the first par-
ticles can be estimated and measured. As described
above, the number or concentration of the first particles
are measured in accordance with the difference of inten-
sity between the first light and the second light, thus a
measurement accuracy can be improved free of a dete-
rioration of an optical element (the light-emitting element
7 and the light receiving element 8).
[0016] As described above, the flow path device 3 in
the present disclosure may include a non-reflection re-
gion R0. The non-reflection region R0 indicates a part of
the flow path device 3 where the first flow path 5 and the
second flow path 6 are not located and a region where
the mirror 53 is not disposed in a top view. The non-
reflection region R0 can be used as a standard in the
measurement by the optical sensor 2. The light intensity
in the non-reflection region R0 is used as a standard,
thus an influence of noise occurring at the time of using
the optical sensor 2 can be reduced. An influence of a
fluctuation in a signal intensity due to a deterioration of
the optical element (the light-emitting element 7 and the
light receiving element 8) in the optical sensor 2 can be
reduced. A non-reflection cloth, for example, can be dis-
posed as the non-reflection region R0.
[0017] Each constituent element is described in detail
hereinafter.

(Optical sensor)

[0018] Figs. 4 to 6 schematically illustrate an example
of the optical sensor 2 which is a part of the measurement
apparatus 1. Fig. 4 is a cross sectional view from the
same viewpoint as that in Fig. 2, and illustrates an en-
larged view of the optical sensor 2. Fig. 5 and Fig. 6 are
cross-sectional views each further enlarging part of the
optical sensor 2 illustrated in Fig. 4.
[0019] The optical sensor 2 includes the light-emitting
element 7 and the light receiving element 8 as described
above, and emits light from the light-emitting element 7
and receives the light in the light receiving element 8.
The light-emitting element 7 can emit the light when a
current flows. The light-emitting element 7 may be a laser
diode (LD), a light-emitting diode (LED) or the like, for
example. The light receiving element 8 can receive the
light and convert a light signal into an electrical signal.
The light receiving element 8 may be a photo transistor
(PT), a photo diode (PD) or the like, for example. The
light-emitting element 7 in the present disclosure is an
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LED and the light receiving element 8 in the present dis-
closure is a PD. When the light-emitting element 7 is the
LED, the light-emitting element 7 can reduce interference
of a reflection light on the mirror member 53 compared
with the case of the LD, for example.
[0020] The light receiving element 8 in the present dis-
closure includes a substrate 9 and a pair of first elec-
trodes 10 located on a surface of the substrate 9. The
substrate 9 in the present disclosure is a plate-like mem-
ber of first conductivity type partially including a second
region R2 of second conductivity type. In other words,
the substrate 9 includes a region (first region R1) of first
conductivity type and a region (second region R2) of sec-
ond conductivity type having contact with the first region
R1. As a result, a pn junction can be formed between the
first region R1 and the second region R2, and the light
reaching an interface of the pn junction can be converted
into an electrical signal. Then, the electrical signal can
be taken out via the pair of first electrodes 10.
[0021] In the present specification, "the first conductiv-
ity type" is "an n type" and "the second conductivity type"
is "a p type". However, in the present invention, "the first
conductivity type" is not limited to "the n type", but "the
first conductivity type" may be "the p type". When "the
first conductivity type" is "the p type", "the second con-
ductivity type" is "the n type".
[0022] Each of the first region R1 and the second re-
gion R2 in the present disclosure includes part of the
surface of the substrate 9. In other words, the surface of
the substrate 9 is the first region R1 or the second region
R2. One of the pair of first electrodes 10 of the light re-
ceiving element 8 is located on the first region R1, and
the other one thereof is located on the second region R2.
[0023] The first region R1 and the second region R2
in the present disclosure include the upper surface of the
substrate 9, and the pair of first electrodes 10 are located
on the upper surface of the substrate 9 via an insulating
layer 11. The insulating layer 11 is located on the upper
surface of the substrate 9 to draw the pair of first elec-
trodes 10. Then, a short circuit between the pair of first
electrodes 10 can be prevented. The light receiving ele-
ment 8 in the present disclosure can receive the light
entering from the second region R2 on the upper surface
of the substrate 9.
[0024] The second region R2 constitutes part of the
substrate 9, and the first region R1 constitutes the other
part thereof in the present disclosure. However, when
the substrate 9 has the pn junction and functions as the
light receiving element 8, the substrate 9 may include a
region which is not the first region R1 and the second
region R2.
[0025] The substrate 9 may be made up of a semicon-
ductor material, for example. The substrate 9 in the
present disclosure may be a substrate made of silicon
(Si), for example. In the substrate 9 in the present dis-
closure, a Si wafer may be doped with an n type impurity
to form the first region R1 and the part of the region may
be doped with a p type impurity to form the second region

R2. As a result, the n type first region R1 and the p type
second region R2 are formed in the substrate 9. The n
type impurity is phosphorus (P), nitrogen (N) or the like,
for example. The p type impurity is boron (B), zinc (Zn)
or the like, for example. The substrate 9, the first elec-
trode 10 and the insulating layer 11 can be formed by a
conventionally known method.
[0026] The light-emitting element 7 in the present dis-
closure includes a plurality of semiconductor layers 12
located on the upper surface of the substrate 9 and a pair
of second electrodes 13 located on the plurality of sem-
iconductor layers 12. As a result, a voltage is applied to
the plurality of semiconductor layers 12 via the pair of
second electrodes 13, thus part of the plurality of semi-
conductor layers 12 can be made to emit light. The plu-
rality of semiconductor layers 12 and the second elec-
trode 13 can be formed by a conventionally known meth-
od.
[0027] The optical sensor 2 may further include a wiring
substrate 14 as illustrated in Fig. 4. The wiring substrate
14 is electrically connected to the light-emitting element
7, the light receiving element 8, and an external circuit,
and can supply electrical power to the light-emitting ele-
ment 7 and the light receiving element 8. It is sufficient
that the light-emitting element 7 and the light receiving
element 8 are mounted on the wiring substrate 14 with
a bonding wire or the like via the substrate 9, for example.
[0028] The wiring substrate 14 may be formed to have
a rectangular shape, for example. A resin substrate, a
ceramic substrate or the like, for example, can be used
for the wiring substrate 14. The wiring substrate 14 in the
present disclosure is a resin substrate. In the present
specification, the resin substrate indicates a substrate in
which an insulating material in the wiring substrate 14 is
made up of a resin material. The ceramic substrate indi-
cates a substrate in which an insulating material in the
wiring substrate 14 is made up of a ceramic material.
[0029] The wiring substrate 14 can be formed by alter-
nately stacking an insulating layer and a wiring, for ex-
ample, by a conventionally known method.
[0030] The optical sensor 2 further includes a light
shielding body 15 and a lens member 16 as illustrated in
Fig. 4. The light shielding body 15 can block stray light
so that the light receiving element 8 does not receive
unintended light from outside. The lens member 16 can
guide the light from the light-emitting element 7 to the
flow path 4 (mirror member 53) and guide the reflection
light on the mirror member 53 to the light receiving ele-
ment 8.
[0031] The light shielding body 15 and the lens mem-
ber 16 can be formed by a conventionally known method.
[0032] The light shielding body 15 specifically includes
a frame-like wall part 17 surrounding the light-emitting
element 7 and the light receiving element 8 and a cover
part 18 provided on an inner surface of the wall part 17
and located to cover a region surrounded by the wall part
17. That is to say, the light-emitting element 7 and the
light receiving element 8 are housed in a region surround-
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ed by the inner surface of the wall part 17 and a lower
surface of the cover part 18. The light shielding body 15
includes a plurality of light passing parts 19 through which
the light of the light-emitting element 7 passes. The light
passing part 19 in the present disclosure is formed of a
plurality of holes.
[0033] The light shielding body 15 may further include
a light shielding wall 20 located between the plurality of
light passing parts 19 to extend from the lower surface
of the cover part 18 toward a region of the upper surface
of the substrate 9 between the light-emitting element 7
and the light receiving element 8. The light shielding wall
20 can reduce a possibility that the light of the light-emit-
ting element 7 directly enters the light receiving element
8.
[0034] The light shielding body 15 can be formed of a
general-purpose plastic such as a polypropylene resin
(PP) or a polystyrene resin (PS), an engineering plastic
such as a polyamide resin (PA) or a polycarbonate resin
(PC), a super engineering plastic such as a liquid crystal
polymer, a metal material such as aluminum (Al) and
titanium (Ti) or the like, for example.
[0035] The lens member 16 specifically includes a lens
part 21 through which the light passes and a support part
22 supporting the lens part 21. The lens member 16 in
the present disclosure is embedded into a region sur-
rounded by the inner surface of the wall part 17 and the
upper surface of the cover part 18 in the light shielding
body 15 via the support part 22.
[0036] The lens member 16 can be formed of a trans-
parent material. The lens member 16 can be formed of
a plastic such as a thermosetting resin such as a silicone
resin, an urethan resin and an epoxy resin, or a thermo-
plastic resin such as a polycarbonate resin and an acrylic
resin, or sapphire, an inorganic glass and the like, for
example.
[0037] The lens part 21 can collect and guide emitted
light from the light-emitting element 7 and reflection light
on an object. The lens part 21 includes a first lens 23
collecting the emitted light from the light-emitting element
7 and a second lens 24 collecting the reflection light from
the object. A convex lens, a spherical lens, or a non-
spherical lens, for example, can be used for each of the
first lens 23 and the second lens 24 in the present dis-
closure.
[0038] The support part 22 can hold the lens part 21.
The support part 22 can be formed into a plate-like shape,
for example. It is applicable that the support part 22 is
formed integrally with the lens part 21, thereby holding
the lens part 21, or the first lens 23 and the second lens
24 in the lens part 21 are embedded into the support part
22 to hold the lens part 21.
[0039] The optical sensor 2 is disposed to be movable
along a first direction (D1) corresponding to a direction
of a Y axis direction of a planar surface with respect to a
surface of the flow path device 3. As a result, the meas-
urement apparatus 1 can irradiate the first flow path 5
and the second flow path 6 with the light in sequence

while moving the optical sensor 2, thus can measure the
intensity of the light on each path. The optical sensor 2
in the present disclosure is located on a lower side of the
flow path device 3.

(Flow path device)

[0040] Fig. 7 to Fig. 11 schematically illustrate an ex-
ample of the flow path device 3. Fig. 7 is a cross-sectional
view of the flow path device 3 cut along a B-B line illus-
trated in Fig. 1. Fig. 8 is a top view of a first substrate 25
when seen from an upper side. Fig. 9 is a bottom view
of the first substrate 25 when seen from a lower side. Fig.
10 is a top view of a second substrate 26 when seen from
an upper side. Fig. 11 is a bottom view of the first sub-
strate 26 when seen from a lower side.
[0041] The flow path device 3 is a device functioning
as a flow path for measurement as described above. The
flow path device 3 has translucency to measure the first
particles with the optical sensor 2. The flow path device
3 needs to have the translucency in at least a portion
necessary for measuring the first flow path 5 and the
second flow path 6, thus the whole flow path device 3
needs not have the translucency.
[0042] The flow path device 3 includes the first sub-
strate 25 and the second substrate 26 located on a lower
side of the first substrate 25. The first substrate 25 has
a groove 27 in a lower surface, and the second substrate
26 is located to cover the groove 27 of the first substrate
25 with an upper surface of the second substrate 26,
thereby forming the flow path 4. That is to say, the flow
path 4 is formed by an inner surface of the groove 27 of
the first substrate 25 and a surface (an upper surface) of
the second substrate 26. The groove 27 in the present
disclosure includes a first groove 28 which is to be the
first flow path 5 and a second groove 29 which is to be
the second flow path 6.
[0043] The first substrate 25 and the second substrate
26 may be connected to each other via an adhesive
agent, for example. A UV cure adhesive agent or a ther-
mosetting adhesive agent can be used as an adhesive
agent, for example.
[0044] The first substrate 25 may be a flat plate-like
member, for example. The first substrate 25 includes a
pair of first main surfaces 30 as upper and lower surfaces
thereof. In the present disclosure, a first main surface 30
located in a positive direction of a Z axis in the pair of
first main surfaces 30 is referred to as a first upper surface
31 (the other one of the pair of first main surfaces 30),
and the first main surface 30 located in a negative direc-
tion of the Z axis is referred to as a first lower surface 32
(one of the pair of first main surfaces 30). The groove 27
of the first substrate 25 includes an opening 33 located
on one of the pair of first main surfaces 30 (the first lower
surface 32).
[0045] A material of the first substrate 25 may be, for
example, glass, an acrylic resin, a polycarbonate resin,
a polydimethylsiloxane (PDMS) resin or the like. The ma-
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terial of the first substrate 25 in the present disclosure is
PDMS. A refraction index of the first substrate 25 is set
to equal to or larger than 1.4 and equal to or smaller than
1.6, for example.
[0046] A width of the first groove 28 (the first flow path
5) of the first substrate 25 may be equal to or larger than
500 mm and equal to or smaller than 4000 mm, for ex-
ample. A depth of the first groove 28 (the first flow path
5) may be equal to or larger than 100 mm and equal to
or smaller than 1000 mm, for example. The first substrate
25 and the first groove 28 can be formed by a conven-
tionally known method. A thickness (depth) of the first
substrate 25 from a bottom surface of the first groove 28
is set to equal to or larger than 0.5 mm and equal to or
smaller than 1 mm, for example. In the flow path device
3 in the present disclosure, the width and depth of the
first groove 28 of the first substrate 25 are the same as
a width and height of the flow path 4 (the first flow path 5).
[0047] The second substrate 26 may be a flat plate-
like member, for example. The second substrate 26 in-
cludes a pair of second main surfaces 34 as upper and
lower surfaces thereof. In the present disclosure, the sec-
ond main surface 34 located in the positive direction of
the Z axis in the pair of second main surfaces 34 is re-
ferred to as a second upper surface 35 (one of the pair
of second main surfaces 34), and the second main sur-
face 34 located in the negative direction of the Z axis is
referred to as a second lower surface 36 (the other one
of the pair of second main surfaces 34). The second sub-
strate 26 is located so that the second upper surface 35
faces the first lower surface 32 of the first substrate 25.
The second substrate 26 covers an opening 33 of the
groove 27 in the first substrate 25.
[0048] A material of the second substrate 26 may be,
for example, glass, an acrylic resin, a polycarbonate res-
in, a polydimethylsiloxane (PDMS) resin or the like. A
refraction index of the second substrate 26 is set to equal
to or larger than 1.4 and equal to or smaller than 1.6, for
example. The material of the second substrate 26 in the
present disclosure is glass. The second substrate 26 can
be formed by a conventionally known method. A thick-
ness of the second substrate 26 is set to equal to or larger
than 0.5 mm and equal to or smaller than 1 mm, for ex-
ample. The thickness of the second substrate 26 is set
smaller than that of the first substrate 25.
[0049] Any of the first substrate 25 and the second sub-
strate 26 may be located on an upper side, however, in
the flow path device 3 in the present disclosure, the first
substrate 25 is located on an upper surface of the second
substrate 26 (second upper surface 35).
[0050] The first groove 28 can function as the first flow
path 5. That is to say, at least the first fluid flows into the
first groove 28. The first substrate 25 and the second
substrate 26 include a plurality of first through holes 37
connected to the first groove 28. The plurality of first
through holes 37 can function as a flow inlet through
which the first fluid flows into the first flow path 5 and a
flow outlet through which the first fluid flows from the first

flow path 5.
[0051] The first groove 28 is formed into a band-like
shape, and extends along a second direction (D2) cor-
responding to an X axis direction of the planar surface.
The first groove 28 may further include a first planar part
38 connected to the first through hole 37 and a second
planar part 39 connected to the first planar part 38 and
having a width larger than the first planar part 38. A con-
nection part between the first planar part 38 and the sec-
ond planar part 39 is gradually widened. An irradiated
region of the light-emitting element 7 in the optical sensor
2 is the second planar part 39.
[0052] The second groove 29 can function as the sec-
ond flow path 6. That is to say, at least the second fluid
flows into the second groove 29. The first substrate 25
and the second substrate 26 include a plurality of second
through holes 40 connected to the second groove 29.
The plurality of second through holes 40 can function as
a flow inlet through which the second fluid flows into the
second flow path 6 and a flow outlet through which the
second fluid flows from the second flow path 6.
[0053] The second groove 29 is formed into a band-
like shape, and extends along the second direction (D2)
corresponding to the X axis direction of the planar sur-
face. The second groove 29 may further include a third
planar part 41 connected to the second through hole 40
and a fourth planar part 42 connected to the third planar
part 41 and having a width larger than the third planar
part 41. A connection part between the third planar part
41 and the fourth planar part 42 is gradually widened. An
irradiated region of the light-emitting element 7 in the
optical sensor 2 is the fourth planar part 42.
[0054] The fourth planar part 42 of the second groove
29 may have the same shape as the second planar part
39 of the first groove 28. A position of the fourth planar
part 42 and a position of the second planar part 39 may
be the same as each other in a thickness direction in the
first substrate 25. The shape and position of the second
flow path 6 may not be the same as those of the first flow
path 5 as long as the second flow path 6 can function as
the path for correction.
[0055] The second groove 29 is located adjacent to
the first groove 28 in the Y axis direction. Specifically,
the second groove 29 is located away from the first
groove 28 in the first direction D1. A distance between
the second groove 29 and the first groove 28 may be
larger than a spot diameter of the light-emitting element
7, for example. As a result, the second groove 29 and
the first groove 28 can be clearly recognized when
scanned with the optical sensor 2, and the measurement
position can be confirmed.
[0056] In the meanwhile, the distance between the sec-
ond groove 29 and the first groove 28 may be smaller
than a spot diameter of the light-emitting element 7, for
example. As a result, a scan distance of the optical sensor
2 can be reduced, thus a measurement time can be re-
duced.
[0057] A width of the first groove 28 and a width of the
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second groove 29 in the present disclosure may be larger
than a spot diameter of the light of the light-emitting ele-
ment 7 entering the first groove 28 and the second groove
29. A depth, width, and length of the first groove 28 may
be the same as those of the second groove 29 in the
present disclosure. The width and length of the first
groove 28 may be different from those of the second
groove 29.
[0058] In the flow path device 3 in the present disclo-
sure, the first substrate 25 further includes a first re-
cessed portion 44 with an opening 43 located in the first
upper surface 31. The first recessed portion 44 is located
in the first upper surface 31 of the first substrate 25 to
correspond to the first groove 28 and the second groove
29. In other words, in a perspective plan view of the first
substrate 25, the first groove 28 and the second groove
29 overlap the first recessed portion 44. As a result, a
region where the first groove 28 and the second groove
29 overlap the first recessed portion 44 is set to a meas-
urement region of light, thus when the flow path device
3 is handled, an adhesion of a fingerprint to the meas-
urement region can be reduced, for example, and a
measurement accuracy can be improved.
[0059] A bottom surface of the first recessed portion
44 may be parallel to a bottom surface of the groove 27
(the first groove 28 and the second groove 29). It is suf-
ficient that the first recessed portion 44 is located in at
least the measurement region of the flow path 4. The first
recessed portion 44 may be larger in size than at least
the spot diameter of the optical sensor 2. It is sufficient
that a planar shape and a cross-sectional shape of the
first recessed portion 44 are rectangular shapes, for ex-
ample. The first recessed portion 44 may have a length
in a moving direction of the optical sensor 2 larger than
the first groove 28 and the second groove 29, for exam-
ple.
[0060] The second substrate 26 may further include a
second recessed portion 46 with an opening 45 located
in the second lower surface 36. The second recessed
portion 46 is located in the second lower surface 36 of
the second substrate 26 to correspond to the first groove
28 and the second groove 29. In other words, in a per-
spective plan view of the second substrate 26, the first
groove 28 and the second groove 29 overlap the second
recessed portion 46. As a result, when the flow path de-
vice 3 is handled, an adhesion of a fingerprint to the meas-
urement region can be reduced, for example, and a
measurement accuracy can be improved.
[0061] A bottom surface of the second recessed por-
tion 46 may be parallel to the bottom surface of the groove
27 (the first groove 28 and the second groove 29). It is
sufficient that the second recessed portion 46 is located
in at least the measurement region of the flow path 4.
The second recessed portion 46 may be larger in size
than at least the spot diameter of the optical sensor 2. It
is sufficient that a planar shape and a cross-sectional
shape of the second recessed portion 46 are rectangular
shapes, for example. The second recessed portion 46

may have a length in the moving direction of the optical
sensor 2 larger than the first groove 28 and the second
groove 29, for example.
[0062] The first substrate 25 may further include a plu-
rality of first protruding portions 47 protruding from the
first main surface 30 (the first upper surface 31) toward
the second substrate 26. The plurality of first protruding
portions 47 may be located along the openings 33 of the
first groove 28 and the second groove 29 of the first sub-
strate 25. The second substrate 26 may be located so
that the second upper surface 35 has contact with the
plurality of first protruding portions 47. As a result, when
the first substrate 25 and the second substrate 26 are
connected to each other using an adhesive agent, for
example, an intrusion of the adhesive agent in the flow
path 4 can be reduced, thus the measurement accuracy
can be improved.
[0063] It is sufficient that the plurality of first protruding
portions 47 have a planar surface in a top portion. As a
result, the first substrate 25 and the second substrate 26
can be connected stably. It is sufficient that the plurality
of the first protruding portions 47 have a band-like planar
shape and a rectangular cross-sectional shape, for ex-
ample. A height of the plurality of first protruding portions
47 may be equal to or larger than 0.05 mm and equal to
or smaller than 0.1 mm, for example. A width thereof may
be equal to or larger than 0.1 mm and equal to or smaller
than 0.5 mm, for example.
[0064] The second substrate 26 may further include a
second protruding portion 48 protruding from the second
main surface 34 (the second upper surface 35) toward
the first substrate 25. The second protruding portion 48
may be located to face the first groove 28 and the second
groove 29 of the first substrate 25. The second protruding
portion 48 may be located to partially face the first pro-
truding portions 47. As a result, when the first substrate
25 and the second substrate 26 are connected to each
other using an adhesive agent, for example, an intrusion
of the adhesive agent in the flow path 4 can be reduced,
thus the measurement accuracy can be improved.
[0065] It is sufficient that the second protruding portion
48 has a planar surface in a top portion. As a result, the
first substrate 25 and the second substrate 26 can be
connected stably. The second protruding portion 48 may
have a width larger than the first groove 28 and the sec-
ond groove 29. It is sufficient that the second protruding
portion 48 has a band-like planar shape and a rectangular
cross-sectional shape, for example. A height of the sec-
ond protruding portion 48 may be equal to or larger than
0.05 mm and equal to or smaller than 0.1 mm, for exam-
ple. A width thereof may be equal to or larger than 200
mm and equal to or smaller than 1500 mm, for example.
The second substrate 26 may be a plurality of second
protruding portions 48 facing the plurality of first protrud-
ing portions 47 respectively.
[0066] The bottom surface of the first recessed portion
44 may have a surface roughness smaller than that of
the first upper surface 31. The bottom surface of each of
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the first groove 28 and the second groove 29 may have
a surface roughness smaller than that of the first lower
surface 32. The bottom surface of the second recessed
portion 46 may have a surface roughness smaller than
that of the second lower surface 36. The bottom surface
of each of the first groove 28 and the second groove 29
may have a surface roughness smaller than that of the
second upper surface 35.
[0067] Each of the bottom surface of the first recessed
portion 44, the bottom surface of each of the first groove
28 and the second groove 29, and the bottom surface of
the second recessed portion 46 may be a mirror surface.
[0068] The first substrate 25 may further include a plu-
rality of third recessed portions 50 with an opening 49
located in the first lower surface 32. The plurality of third
recessed portions 50 may be located along the first
groove 28 and the second groove 29 away from the first
groove 28 and the second groove 29. As a result, when
the first substrate 25 and the second substrate 26 are
connected to each other using an adhesive agent, for
example, an intrusion of the adhesive agent in the flow
path 4 can be reduced, thus the measurement accuracy
can be improved.
[0069] The second substrate 26 may further include a
plurality of fourth recessed portions 52 with an opening
51 located in the second upper surface 35. It is also ap-
plicable that the plurality of fourth recessed portions 52
do not face the first groove 28 and the second groove 29
but are located along the first groove 28 and the second
groove 29. As a result, when the first substrate 25 and
the second substrate 26 are connected to each other
using an adhesive agent, for example, an intrusion of the
adhesive agent in the flow path 4 can be reduced, thus
the measurement accuracy can be improved.
[0070] The groove 27 in the present disclosure in-
cludes the first groove 28 and the second groove 29, and
the above configuration can be applied to the first groove
28 and the second groove 29 in the similar manner.
[0071] The flow path device 3 in the present disclosure
may further include the mirror member 53 located on the
first upper surface 31 of the first substrate 25. In the
present disclosure, the mirror member 53 may be located
on the first recessed portion 44 of the first upper surface
31. The mirror member 53 can reflect part of light emitted
from the light-emitting element 7 and passing through
each of the first flow path 5 and the second flow path 6
toward the light receiving element 8.
[0072] The mirror member 53 may be a thin film-like
member, for example. It is sufficient that a material of the
mirror member 53 has a refraction index different from
the first substrate 25. The mirror member 53 may be
formed of a metal material such as aluminum or gold or
a laminated body of a dielectric material such as a die-
lectric multilayer filter, for example. A refraction index of
the mirror 53 is set to equal to or larger than 1.4 and equal
to or smaller than 1.6, for example. The mirror member
53 can be formed on the first upper surface 31 of the first
substrate 25 by an evaporation method, a sputtering

method or the like, for example.
[0073] In the measurement apparatus 1 according to
the present disclosure, it is also applicable that the optical
sensor 2 is located in a position not receiving regular
reflection light on the first lower surface 32 of the first
substrate 25 with respect to the flow path device 3.
[0074] The present invention is not limited to the ex-
amples of the embodiments described above. That is to
say, each constituent element of the examples of the
embodiments described above may be appropriately
combined, and various alternation and modifications, for
example, should be possible within the scope of the
present invention.
[0075] In the examples of the embodiments described
above, there are the two first through holes 37, one of
which is located in the first substrate 25 and the other
one of which is located in the second substrate 26, how-
ever, the two of them may be located in the first substrate
25 or the second substrate 26.
[0076] In the examples of the embodiments described
above, there are the two second through holes 40, one
of which is located in the first substrate 25 and the other
one of which is located in the second substrate 26, how-
ever, the two of them may be located in the first substrate
25 or the second substrate 26.

Explanation of Reference Signs

[0077]

1 measurement apparatus
2 optical sensor
3 flow path device
4 flow path
5 first flow path
6 second flow path
7 light-emitting element
8 light receiving element
9 substrate
25 first substrate
26 second substrate
27 groove
28 first groove
29 second groove
30 first main surface
31 first upper surface
32 first lower surface
33 opening
34 second main surface
35 second upper surface
36 second lower surface
43 opening
44 first recessed portion
45 opening
46 second recessed portion
47 first protruding portion
48 second protruding portion
49 opening
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50 third recessed portion
51 opening
52 fourth recessed portion

Claims

1. A flow path device, comprising:

a first substrate having a pair of first main sur-
faces and including a groove with an opening
located in one of the pair of first main surfaces
and a first recessed portion with another opening
located in another one of the pair of first main
surfaces, the first recessed portion overlapping
the groove; and
a second substrate having a pair of second main
surfaces, one of the pair of second main surfac-
es being located on a side of the one of the pair
of first main surfaces of the first substrate to cov-
er the opening of the groove.

2. The flow path device according to claim 1, wherein
the second substrate further includes a second re-
cessed portion including a second another opening
located in another one of the pair of second main
surfaces and overlapping the groove.

3. The flow path device according to claim 1 or 2,
wherein
the first substrate includes a plurality of first protrud-
ing portions protruding from the first main surface
toward the second substrate and located along the
groove, and
the second substrate is located so that the one of
the pair of second main surfaces has contact with
the plurality of first protruding portions.

4. The flow path device according to any one of claims
1 to 3, wherein
the second substrate includes a second protruding
portion protruding from the second main surface to-
ward the first substrate and located along the groove,
and
the second protruding portion is located to partially
face the plurality of first protruding portions.

5. The flow path device according to any one of claims
1 to 4, wherein
a surface roughness of the another one of the pair
of first main surfaces is larger than a surface rough-
ness of a bottom surface of the first recessed portion.

6. The flow path device according to any one of claims
1 to 5, wherein
a surface roughness of the another one of the pair
of second main surfaces is larger than a surface
roughness of a bottom surface of the second re-

cessed portion.

7. The flow path device according to any one of claims
1 to 6, further comprising
an adhesive agent located between the first sub-
strate and the second substrate, wherein
the adhesive agent is located between only the one
of the first main surface and the one of the second
main surface.

8. The flow path device according to any one of claims
1 to 7, further comprising
a pair of third recessed portions including an opening
located in the one of the pair of first main surfaces
and located along the groove.

9. The flow path device according to any one of claims
1 to 7, further comprising
a pair of fourth recessed portions including an open-
ing located in the one of the pair of second main
surfaces and located along the groove.

10. A measurement apparatus, comprising:

the flow path device according to any one of
claims 1 to 9; and
an optical sensor facing the flow path device.
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