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(54) BIOSENSOR FOR MEASURING BIOMATERIAL

(57) The present invention relates to an apparatus
for measuring a biomaterial, comprising: a first substrate
having a recess in one side thereof; a second substrate
having reference and operating electrodes where a bio-
chemical reaction of a biomaterial occurs, and first and
second delivery electrodes delivering electric signals
from the reaction to a detector; and reaction reagents
fixed at the second substrate causing the reaction with
the biomaterial, wherein the first or the second substrate
has a tilted surface toward a sample-inlet in a height di-
rection. The second substrate is attached to the first sub-
strate such that a portion of the recess forms the sample-
inlet, and the reference and operating electrodes are di-
rected toward the recess. The tilted surface prevents the
sample-inlet from being blocked by a finger of the user
when introducing the biomaterial through the sample-in-
let in the event the used substrate has three-dimensional
structures with substantial thickness.



EP 2 439 523 A2

2

5

10

15

20

25

30

35

40

45

50

55

Description

[Technical Field]

[0001] The present invention relates to an apparatus
for measuring a biomaterial, and more particularly, to an
apparatus for measuring a biomaterial, which prevents
a sample inlet from being blocked by the contact of a
finger when a substrate constituting a biosensor has a
three-dimensional structure with a substantial thickness.

[Background Art]

[0002] Biosensors are measuring instruments that ex-
amine the properties of a substance using functions of
an organism. These biosensors are excellent in sensitiv-
ity and reaction specificity because the biosensors use
a biomaterial as detecting element. Thus, the biosensors
are broadly used in various fields such as clinical chem-
ical analysis, process instrumentation of bioindustry, en-
vironment instrumentation, stability evaluation of chem-
icals, and so on, and their usage is continuing to spread.
Particularly, a variety of biosensors are used in a medical
diagnostic field to analyze samples, particularly bio-sam-
ples. The biosensors are divided into enzyme assay bi-
osensors and immunoassay biosensors according to the
kind of detecting element, and into optical biosensors
and electrochemical biosensors according to a method
of quantitatively analyzing a target substance within a
bio-sample.
[0003] The enzyme assay biosensors are designed to
use a specific reaction between an enzyme and a sub-
strate and a specific reaction between an enzyme and
an enzyme inhibitor, and the immunoassay biosensors
are designed to use a specific reaction between an an-
tigen and an antibody.
[0004] The optical biosensors are widely used to
measure a concentration of a target material by meas-
uring transmittance, absorbance, or alteration in wave-
length. The optical biosensors have an advantage in that,
since reaction mechanisms of various materials to be
analyzed have already been known and measurement
is made after a reaction takes place for a sufficient time,
a deviation in measurement time is low. In contrast, the
optical biosensors have a disadvantage in that they re-
quire a longer measurement time and a greater quantity
of samples than the electrochemical biosensors. Further,
the optical biosensors have other disadvantages in that
measured results are influenced by turbidity of a sample,
and it is difficult to miniaturize an optical unit.
[0005] The electrochemical biosensors are used to
measure a concentration of a target material by meas-
uring an electric signal obtained from a reaction. The
electrochemical biosensors have advantages in that it is
possible to amplify a signal using a very small quantity
of sample, they are easy to miniaturize, it is possible to
stably obtain a measured signal, and they can be easily
combined with a telecommunication instrument. Howev-

er, the electrochemical biosensors have disadvantages
in that an electrode manufacturing process is additionally
required, the cost of production is high, and a measured
signal is very sensitive to response time.
[0006] Meanwhile, in the case of existing disposal bi-
osensors having a capillary for introducing a sample, a
sample inlet has a flat cross section. For this reason,
when the sample inlet is touched with, for example, a
finger in order to introduce blood, the sample inlet is com-
pletely blocked, and thus the sample is no longer intro-
duced. Accordingly, Roche manufactures a biosensor in
which an indentation and a notch are formed so as to
prevent a sample inlet from being blocked by a finger, as
shown in FIG.1. Further, Arkray manufactures a biosen-
sor in which a sample inlet 14 or 16 is formed in a pointed
shape so as to prevent the sample inlet 14 or 16 from
being blocked by a finger, as shown in FIG. 2.
[0007] Since all of these existing biosensors have a
two-dimensional structure using a thin film, only two-di-
mensional processing is possible to realize a notch in a
plane. However, when a substrate used to manufacture
the biosensor has a three-dimensional structure with a
substantial thickness, it is insufficient to merely form such
a notch in the sample inlet in order to prevent the sample
inlet from being blocked by a finger.
[0008] Further, the existing biosensors have a problem
that, when the finger is put to the sample inlet and then
is released before the capillary is not sufficiently filled
with blood, a capillary gap is sufficiently filled with the
sample, thereby providing inconsistent measurement re-
sults.

[Disclosure]

[Technical Problem]

[0009] The present invention is directed toward pre-
venting a sample inlet from being blocked when a sample
is introduced into the sample inlet if a substrate used has
a three-dimensional structure with a substantial thick-
ness.
[0010] The present invention is directed toward over-
coming a problem that has an influence on measurement
results because a capillary gap is not sufficiently filled
with a sample when a finger is released from a sample
inlet before the capillary gap is sufficiently filled with the
sample.
[0011] The objectives of the present invention are not
limited to those mentioned above. Other objectives and
advantages of the present invention which are not dis-
closed will be understood from the following description,
and be apparent with reference to the embodiments of
the present invention. Also, it is obvious to those skilled
in the art that the objectives and advantages of the
present invention will be realized by the means as
claimed and combinations thereof
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[Technical Solution]

[0012] In order to achieve the above objectives, ac-
cording to one aspect of the present invention, there is
provided an apparatus for measuring a biomaterial,
which includes: a first substrate having a recess formed
in one side surface thereof; a second substrate having a
plurality of reaction electrodes in which a biochemical
reaction of a sample occurs and a plurality of delivery
electrodes transmitting a signal generated by the bio-
chemical reaction to a detector; and a reaction reagent
located in the recess and causing the biochemical reac-
tion with the sample, wherein the second substrate is
attached to the first substrate such that the reaction elec-
trodes are directed toward the recess and the recess
forms at least one vent slit in combination with at least
one edge surface of the second substrate, the first and
second substrates are attached to form a sample inlet
and a reaction chamber, and the first or second substrate
has a surface tilted toward the sample inlet in a height
direction.
[0013] According to another aspect of the present in-
vention, there is provided an apparatus for measuring a
biomaterial, which includes: a first substrate; a second
substrate attached to the first substrate so as to form a
sample inlet and a reaction chamber; a plurality of elec-
trodes located in the reaction chamber and attached to
the first or second substrate; and a reaction reagent lo-
cated in the reaction chamber and causing the biochem-
ical reaction with the sample, wherein the first or second
substrate has a surface tilted toward the sample inlet in
a height direction.

[Advantageous Effects]

[0014] According to the present invention, a surface
tilted toward a sample inlet in a height direction can pre-
vent the sample inlet from being blocked by a finger when
a sample is introduced into the sample inlet of a biosensor
in which a substrate used has a three-dimensional struc-
ture with a substantial thickness. Further, the tilted sur-
face additionally retains the sample, so that a capillary
gap can be sufficiently filled with the sample even when
a finger is released before the capillary gap is sufficiently
filled with the sample, and thus constant measured re-
sults can be obtained from the same sample.

[Description of Drawings]

[0015]

FIG. 1 is a view for explaining a conventional bio-
sensor having an indentation and a notch.
FIG. 2 is a view for explaining a conventional bio-
sensor having a protruding sample inlet.
FIG. 3 is a view for explaining the structure of a bi-
osensor according to the present invention.
FIG. 4 is a view for explaining embodiments of the

present invention, each of which includes a surface
tilted toward a sample inlet in a height direction.
FIG. 5 is a view for explaining other embodiments of
the present invention in which a round protrusion or
recess is formed on a tilted surface.
FIG. 6 is a view for explaining still other embodiments
of the present invention in which one or more round
protrusions or recesses are formed on a tilted sur-
face.
FIG. 7 is a view for explaining yet other embodiments
of the present invention in which one or more rod-
shaped protrusions or recesses are formed on a tilt-
ed surface.
FIG. 8 is a view for explaining yet other embodiments
of the present invention in which a protrusion or notch
is formed on an edge of a tilted surface.
FIG. 9 is a view for explaining yet other embodiments
of the present invention in which a notch is formed
on an edge of a tilted surface and in which one or
more round or rod-shaped protrusions or recesses
are formed on the tilted surface.
FIG. 10 is a view for explaining another embodiment
in which reaction electrodes and delivery electrodes
of the present invention are electrically connected to
each other.

[Best Mode]

[Mode for Invention]

[0016] The foregoing and other objects, features and
advantages of the invention will become more apparent
from the following detailed description when read in con-
junction with the accompanying drawings. Accordingly,
it will be easily understood by those skilled in the art that
the invention can be modified in various forms without
departing from the technical spirit of the invention. In the
following description, well-known functions or construc-
tions are not described in detail since they would obscure
the invention in unnecessary detail. Exemplary embodi-
ments of the invention will be described below in detail
with reference to the accompanying drawings.
[0017] FIG. 3 is a view for explaining the structure of
a biosensor according to one embodiment of the present
invention. FIG. 3(a) is a side view of the biosensor, FIG.
3(b) is a plan view of the biosensor, and FIG. 3(c) is a
front view of the biosensor.
[0018] Referring to FIG. 3, the biosensor according to
one embodiment of the present invention includes a first
substrate having a recess and a sample inlet, and a sec-
ond substrate having a plurality of reaction electrodes
and a plurality of delivery electrodes.
[0019] The first substrate 105 is a bonding substrate
that serves as a physical support, and is provided with a
recess 110 in one side surface thereof. A portion, pref-
erably one end, of the recess 110 forms a sample inlet.
The second substrate 104 is a reaction substrate having
a reference electrode 102, a working electrode 103, a
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first delivery electrode 112, and a second delivery elec-
trode 113. A reaction reagent (not shown) is immobilized
to the second substrate 104 across the reference elec-
trode 102 and the working electrode 103, so that it is
located in the recess 110. A biochemical reaction be-
tween the reaction reagent and the sample takes place
around the reference and working electrodes 102 and
103, on which the reaction reagent is immobilized. The
first delivery electrode 112 is electrically connected to
the reference electrode 102, and the second delivery
electrode 113 is electrically connected to the working
electrode 103. Thereby, an electric signal generated from
the reference and working electrodes 102 and 103 by
the biochemical reaction between the reaction reagent
and the sample is transmitted to a detector. Herein, the
electrodes, such as the reference electrode and the work-
ing electrode, which participate in the biochemical reac-
tion are generically referred to as "reaction electrodes,"
which are distinguished from the delivery electrodes that
transmit the electric signal generated by the biochemical
reaction to a measuring apparatus. The reference elec-
trode is generally called a "counter electrode" in the re-
lated art.
[0020] Referring to FIG. 3(a) to 3(c), the first substrate
105 having the recess 110 whose front side is opened
and the second substrate 104 having the electrodes and
a planar structure are bonded to each other, so that the
front side of the recess is formed as the sample inlet 101.
Alternatively, in the first substrate having the recess
whose front side is closed, only a portion of the recess
may be covered by the second substrate, and the other
parts of the recess may be open to form the sample inlet.
[0021] When the first and second substrates 105 and
104 are bonded to each other, a reaction chamber is
formed in a capillary structure. That is, the first substrate
105 is covered by the second substrate 104, so that the
recess 110 formed in the first substrate is formed as a
channel or a reaction chamber having a capillary struc-
ture. The second substrate 104 is attached to the first
substrate 105 such that the reference electrode 102 and
the working electrode 103 are directed toward the recess
110 and that at least one vent slit 107 is formed by a
combination of the recess 110 and at least one edge
surface 109 of the second substrate 104. The vent slit
107 continuously extends from the sample inlet 101 in a
lengthwise direction of the biosensor 100. Herein, the
lengthwise direction of the biosensor 100 refers to a di-
rection in which the sample is introduced into the recess
110 or the reaction chamber. The lengthwise direction of
the biosensor 100 is equivalent to a lengthwise direction
of the sample inlet 101, so that the two directions are
compatible with each other herein.
[0022] The reference electrode 102 and the working
electrode 103 are formed on a surface of the second
substrate 104 which is directed toward the recess 110,
and the first and second delivery electrodes 112 and 113
are formed on the opposite surface of the second sub-
strate 104. The first and second delivery electrodes 112

and 113 are electrically connected to the reference elec-
trode 102 and the working electrode 103 via conductors
114 passing through the second substrate 104, respec-
tively.
[0023] In this embodiment, the first and second deliv-
ery electrodes 112 and 113 and the reference electrode
102 and the working electrode 103 are formed on the
respective different surfaces of the second substrate 104,
but they may be formed on the same surface of the sec-
ond substrate. Further, in this embodiment, in the recess
110 formed in the first substrate 105, a vent hole 106
may be formed in the other end of the front side of the
recess on which the sample inlet is formed. Alternatively,
the vent hole 106 may be formed in the second substrate
104 rather than the first substrate 105, or may not be
formed in any substrate.
[0024] The sample is introduced into the reaction
chamber by a capillary phenomenon. The capillary phe-
nomenon occurs between a surface of the second sub-
strate 104 which is directed toward the recess 110 and
a bottom surface of the recess 110 of the first substrate
105 as well as between the edge surface 109 of the sec-
ond substrate 104 and a wall 111 of the recess 110. In
detail, the one or more vent slits 107 formed between the
edge surface 109 of the second substrate 104 and the
wall 111 of the recess 110 serve as an air outlet when
the sample is introduced. Thus, the vent slit 107 discharg-
es air in the reaction chamber toward the outside and
simultaneously introduces the sample into the reaction
chamber by means of the capillary phenomenon, thereby
making it faster to introduce the sample into the reaction
chamber.
[0025] The second substrate 104 is physically isolated
within a gap where the sample reacts with the reaction
reagent. That is, unlike existing biosensors, the second
substrate 104 is not in contact with the other substrate
due to the vent slit 107. In this embodiment, the vent slit
107 is not formed by separately processing a specific
substrate, but is three-dimensionally formed as a result
of adjusting a positional relationship between the second
substrate 104 and the first substrate 105. A gap of the
vent slit 107 is easily adjusted by a thickness of the sec-
ond substrate 104.
[0026] FIG. 4 is a view for explaining embodiments of
the present invention, each of which includes a surface
tilted toward a sample inlet in a height direction, and is
an enlarged view of a dashed circle A of FIG. 3.
[0027] FIG. 4(a) shows a biosensor in which a surface
408 tilted toward a sample inlet 406 in a height direction
is formed on a second substrate 402. The sample inlet
406 is formed by the second substrate 402 and a first
substrate 404. The second substrate 402 and the first
substrate 404 are aligned with each other at ends thereof.
FIG. 4(b) shows a biosensor in which a surface 416 tilted
toward a sample inlet 414 in a height direction is formed
on a first substrate 412. The sample inlet 414 is formed
by a second substrate 410 and the first substrate 412.
The second substrate 410 and the first substrate 412 are
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aligned with each other at ends thereof.
[0028] FIG. 4(c) shows a biosensor in which a surface
424 tilted toward a sample inlet 422 in a height direction
is formed on a second substrate 418. The sample inlet
422 is formed by the second substrate 418 and a first
substrate 420. An end of the second substrate 418 having
the tilted surface 424 protrudes forward farther than an
end of the first substrate 420. FIG. 4(d) shows a biosensor
in which a surface 432 tilted toward a sample inlet 430
in a height direction is formed on a first substrate 428.
The sample inlet 430 is formed by a second substrate
426 and a first substrate 428. An end of the first substrate
428 having the tilted surface 432 protrudes forward far-
ther than an end of the second substrate 426. As shown
in FIG. 4(c) or 4(d), when the ends of the second and
first substrates are not aligned with each other, this pro-
vides a great effect of preventing the sample inlet from
being blocked by a finger, but has a disadvantage in that
an area of the electrode is reduced because the electrode
is formed on the short substrate.
[0029] As shown in FIG. 4, when the surface tilted to-
ward the sample inlet in a height direction is formed on
the first or second substrate, the sample inlet is not
blocked by a finger when the finger is put to the sample
inlet in order to introduce the sample, so that it is easy
to introduce the sample. Further, the tilted surface serves
to additionally retain the sample like a reservoir, thereby
causing the capillary to be sufficiently filled. As a result,
measurement results of the samples become consistent.
[0030] FIG. 5 is a view for explaining another embod-
iment of the present invention in which a round protrusion
is formed on a tilted surface. A tilted surface 504 is formed
on an end of a first substrate 502, and a round protrusion
506 is formed in the middle of the tilted surface 504. The
protrusion 506 formed on the tilted surface 504 is allowed
to more effectively prevent a sample inlet 508 from being
blocked by a finger and to additionally retain a sample
by catching the sample on the protrusion 506. In FIG. 5,
the protrusion is formed. Alternatively, a recess may be
formed.
[0031] FIG. 6 is a view for explaining other embodi-
ments of the present invention in which at least one pro-
trusion is formed on a tilted surface. In FIG. 6(a), one
round protrusion 602 is formed on a tilted surface 604.
In FIG. 6(b), a plurality of round protrusions are formed
on a tilted surface in a row. In FIG. 6(c), a plurality of
round protrusions are formed on a tilted surface in an
array pattern. The more round protrusions are formed on
the tilted surface, the further a function of preventing a
sample inlet from being blocked by a finger and a function
of retaining a sample are improved. In FIG. 6, the protru-
sion is formed. Alternatively, a recess may be formed.
[0032] FIG. 7 is a view for explaining still other embod-
iments of the present invention in which at least one rod-
shaped protrusion is formed on a tilted surface. In FIG.
7(a), one rod-shaped protrusion 702 is formed on a tilted
surface 704. In FIG. 7(b), a plurality of rod-shaped pro-
trusions are formed on a tilted surface in a horizontal

direction. In FIG. 7(c), a plurality of rod-shaped protru-
sions are formed on a tilted surface in a vertical direction,
i.e. in a height direction where they are directed toward
a sample inlet. The more rod-shaped protrusions are
formed on the tilted surface, the further a function of pre-
venting the sample inlet from being blocked by a finger
and a function of retaining a sample are improved. In
FIG. 7, the protrusion is formed. Alternatively, a recess
may be formed. Further, the tilted surface may be formed
in a stepped shape.
[0033] Meanwhile, when the plurality of rod-shaped
protrusions are formed on the tilted surface in a horizontal
direction as in FIG. 7(b), the function of retaining the sam-
ple is improved. When the plurality of rod-shaped protru-
sions are formed on the tilted surface in a vertical direc-
tion as in FIG. 7(c), i.e. in a height direction where they
are directed toward the sample inlet, a function of intro-
ducing the sample into a capillary gap is improved be-
cause the rod-shaped protrusions serve to guide the in-
troduction of the sample.
[0034] FIG. 8 is a view for explaining yet other embod-
iments of the present invention in which a protrusion or
notch is formed on the edge of a tilted surface. In FIG. 8
(a), a protrusion 804 is formed on a lower edge 803 of a
tilted surface 802. In FIG. 8(b), a notch 808 is formed on
a lower edge 807 of a tilted surface 806. The protrusion
804 and the notch 808 prevent a sample inlet from being
blocked by a finger in cooperation with the tilted surfaces
802 and 806.
[0035] FIG. 9 is a view for explaining yet other embod-
iments of the present invention in which a notch formed
on an edge of a tilted surface is combined with a round
or rod-shaped protrusion formed in the tilted surface. In
FIG. 9(a), a notch 904 formed on a lower edge of a tilted
surface 902 is combined with round protrusions formed
on the tilted surface 902 in an array pattern. In FIG. 9(b),
a notch 910 formed on a lower edge of a tilted surface
908 is combined with a rod-shaped protrusion formed on
the tilted surface 908 in a vertical direction (a height di-
rection where the rod-shaped protrusion is directed to-
ward the sample inlet). In FIG. 9, the round or rod-shaped
protrusion is formed. Alternatively, a recess may be
formed.
[0036] FIG. 10 is a view for explaining another embod-
iment in which reaction electrodes and delivery elec-
trodes of the present invention are electrically connected
to each other. As shown, a first or second delivery elec-
trode 1406 formed on one side of a second substrate
1402 may be electrically connected to a reaction elec-
trode 1404 via a conductive clamping member 1408
formed on an edge of the second substrate 1402. To
stably fix the delivery electrode 1406 and the reaction
electrode 1404, the conductive clamping member 1408
may be formed of a resilient material.
[0037] Although specific embodiments of the invention
have been described with reference to the drawings, the
invention is not limited to these specific embodiments. It
is apparent to those skilled in the art that various modi-
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fications, additions and substitutions are possible without
departing from the scope of the present invention which
is intended to be defined by the appended claims. Par-
ticularly, the above embodiments are based on a two-
electrode system. However, it will be understood that the
present invention may be applied to all types of electrode
systems including a three-electrode system.

Claims

1. An apparatus for measuring a biomaterial, compris-
ing:

a first substrate having a recess formed in one
side surface thereof;
a second substrate having a plurality of reaction
electrodes in which a biochemical reaction of a
sample occurs and a plurality of delivery elec-
trodes transmitting a signal generated by the bi-
ochemical reaction to a detector; and
a reaction reagent located in the recess and
causing the biochemical reaction with the sam-
ple,
wherein the second substrate is attached to the
first substrate such that the reaction electrodes
are directed toward the recess and the recess
forms at least one vent slit in combination with
at least one edge surface of the second sub-
strate,
the first and second substrates are attached to
form a sample inlet and a reaction chamber, and
the first or second substrate has a tilted surface
toward the sample inlet in a height direction.

2. An apparatus for measuring a biomaterial, compris-
ing:

a first substrate;
a second substrate attached to the first substrate
so as to form a sample inlet and a reaction cham-
ber;
a plurality of electrodes located in the reaction
chamber and attached to the first or second sub-
strate; and
a reaction reagent located in the reaction cham-
ber and causing the biochemical reaction with a
sample,
wherein the first or second substrate has a tilted
surface toward the sample inlet in a height di-
rection.

3. The apparatus according to claim 1, wherein the re-
cess is partially open.

4. The apparatus according to claim 1, wherein the re-
cess forms at least one vent slit in combination with
at least one edge surface of the second substrate.

5. The apparatus according to claim 1 or 2, wherein the
tilted surface further includes at least one protrusion
or recess.

6. The apparatus according to claim 5, wherein the pro-
trusion or recess has a rod shape.

7. The apparatus according to claim 5, wherein the pro-
trusion or recess is plural in number.

8. The apparatus according to claim 1 or 2, wherein the
tilted surface has a stepped shape.

9. The apparatus according to claim 1 or 2, wherein the
first or second substrate further includes a notch.

10. The apparatus according to claim 9, wherein the tilt-
ed surface further includes a rod-shaped protrusion
or recess in a vertical direction, and the rod-shaped
protrusion or recess is connected to the notch.
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