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[DESCRIPTION]
[TITLE OF THE INVENTION]
ELECTROCHEMICAL MEASUREMENT DEVICE AND
TRANSDUCER

[TECHNICAL FIELD]

[0001] The present invention relates to an electrogcb@measurement
device and a transducer used to electrochemicadysoring a chemical
substance generated or consumed in a biologicgbleanThe biological
sample is (1) a constituent element of a biologixady, (2) a collection of
constituent elements of a biological body, (3) @dygically-relevant
substance [the biologically-relevant substancedeemical substance
present inside a body of an organism, and exangfldse biologically-
relevant substance include a biopolymer, a corestitelement of a
biopolymer, or a chemical substance necessaryuimival of an organismj,
or (4) a tangible object including one or more bfto (3). Examples of
the biological sample include cells, cell aggregapeeces of tissue, and

non-biological tangible objects containing biolagjig-relevant substances.

[BACKGROUND ART]

[0002] Building of a technology for quantitatively duating a chemical
substance generated or consumed in a cell coneskaignificantly not

only to development of fundamental biochemistry &lgb to development
of medicine and life science. The technology camubed, for example, for

cytoscreening used in cancer screening tests,uality evaluation of cells



10

15

20

25

-9-

for transplantation used in regenerative medicinenonune cell therapies,
or as a substitute for experimentation on animaigifug efficacy
assessments and toxicity assessments.

[0003] However, bioactivities of cells not only varytiwthe environment
surrounding the cells, such as temperature, pHjunedomposition,
adjacent cell, and extracellular matrix, but alsoyover time in response
to an external stimulus, such as gene introductiomg exposure, or
application of stress, or a cellular event, sucheakdivision or cell death.
[0004] For this reason, it is important to place cabsa biological
sample in an environment as close to an intraeit@ironment as possible
while the cells are alive (that is, bioactivitiéeteof are retained) and
further measure, in real time, a chemical substgeoerated or consumed
in the cells in response to an external stimulua oellular event in order
to evaluate the true nature of a cell actually orkvnside a biological
body.

[0005] One known method for placing cells as a biatagsample in an
environment close to an intravital environment method using, as a
biological sample, not a single cell but a cell mggte (spheroids) which
IS an aggregate of a plurality of cells and extlata matrix (ECM)
components.

[0006] Since many of various bioactivities of cellg aeveloped by an
interaction with adjacent cells or ECMs which cattioe cells, a cell
aggregate is considered to reproduce an intragitaironment more
faithfully than a single cell.

[0007] Examples of a cell aggregate include pancresitt cells
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harvested from the pancreas, fertilized eggs, loeytt or neurocyte
spheroids obtained by cell culture, and embryoidi®é® of embryonic stem
(ES) cells.

[0008] While cell aggregates used in evaluation of aefivities have
diameters that differ depending on the types ofstturent cells, the
harvest site inside a biological body, culture doods, and the like, the
diameters are about 100 to 60&. This is because the number of
constituent cells in a small cell aggregate hadrdjameter of 10Qim or
less is too small for a bioactivity specific to tbell aggregate to develop
and because oxygen does not diffuse to cells gllaaggregate central
portion in a large cell aggregate having a diameté&&00Oum or more to
make cell necrosis likely occur.

[0009] As a method for measuring, in real time, a deafrsubstance
generated or consumed in cells, an electrochemed#hod is used. The
electrochemical method uses an electrode (workiect®de) for detecting
various electrochemical signals from a biologiaahgle. The working
electrode is placed in a solution in which a biatadjsample is to be
immersed. Various detection methods are availebdccommodate
differences in potential control or current contoblthe working electrode.
Controlled potential electrolysis (constant-potahélectrolysis) typified
by chrono amperometry or cyclic voltammetry is usetheasurement
associated with metabolic activities of cells o tike because of its high
comparability and simplicity of analysis. Conteal potential electrolysis
controls the potential of the working electrodeadsinction of time and

detects a value of a current generated in the wgrklectrode.
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[0010] In electrochemical measurement of a chemicastsunce
generated or consumed in a common cell aggregagaciion system
which causes a chemical substance having a redostpdo be generated
or consumed inside the cell aggregate or at a seidathe cell aggregate
in association with substance metabolism of theamregate is set in
advance. The chemical substance is oxidized arcestion a working
electrode to generate a current.

[0011] Various systems can be designed in accordartbeawnetabolic
system of interest as reaction systems which caudemical substance
having a redox activity to be generated or consumex$sociation with
substance metabolism of cells. A system usingraiyreatic reaction is
preferably used for the purpose of detecting, \withh sensitivity, a minute
amount of metabolic substance.

[0012] For example, in an embryoid body which is d agbregate
produced from mouse ES cells, the amount of alkghhosphatase (ALP)
which is an enzyme present at a cell surface ise®ar decreases in
accordance with a differentiation state.

[0013] Electrochemical evaluation of the amount of Addherated is
often performed in order to evaluate the differatin state of an
embryoid body (Non-patent Literature 1). In a systfor the evaluation,
an embryoid body is put in a solution in which ptaophenyl phosphate
(PAPP) as a substrate is dissolved, and a dephogpton reaction of
PAPP is facilitated by an ALP enzymatic activityhis results in
generation of p-aminophenol (PAP) having a reddwiy.

[0014] When the concentration of PAPP in the solutsosufficiently
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high, even if the amount of ALP generated in cellminute, the amounts
of PAP that is a redox-active chemical substancebsaaccumulated with
time by the enzymatic activity of ALP. Consequgnthe amount of ALP
present can be detected with high sensitivity.

[0015] If the above-described electrochemical measargns to be
performed on a single biological sample, a sindggeteode which is
formed on a substrate or is processed in the sbiapgrobe is generally
used as a working electrode. To perform electrdrarical measurement
on a plurality of biological samples, a pluralityworking electrodes are
used.

[0016] For example, a method called drug screeninggésl at the time of
drug discovery. In drug screening, a pluralitycefls are exposed to
respective different chemical substances, and awmirgbioactivity of the
cells are exhaustively evaluated in order to seéocl chemical substance
which can exert an expected action on a given ofpell (that is, a
chemical substance as a candidate for a drug) amqhgyality of

chemical substances different in structure from amether.

[0017] Cell evaluation in drug screening is perfornhgdvsarious analysis
methods. When cell evaluation is to be performgam electrochemical
method, a plurality of working electrodes formedtha same substrate are
used to simultaneously evaluate a plurality ofcaliranged near the
working electrodes (multipoint simultaneous elechemical
measurement).

[0018] Multipoint simultaneous electrochemical measugat makes a

time period required for evaluation much shortemtin a case where
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evaluation of cells are separately performed. Gdhg substrate
modification, cell pretreatment, and adjustmeningiasurement conditions
(the composition, pH, temperature, and the lika ofieasurement solution)
are all performed on a per-substrate basis. ksré#ason, the process of
accumulating a plurality of electrodes and a pltyalf biological samples
on one substrate and collectively performing thetnq@atment and the
measurement condition adjustment implements saviragdrug to be used,
reduction of waste water, and the like and furdgdeyws measurement
conditions for the biological samples to match uprenaccurately with one

another.

[PRIOR ART LITERATURE]
[NON-PATENT LITERATURE]
[0019] Non-patent Literature 1. M. Sen, et al., "Biosers and

Bioelectronics", 2013, Vol. 48, pp.12-18

[SUMMARY OF THE INVENTION]

[PROBLEMS TO BE SOLVED BY THE INVENTION]

[0020] A redox-active chemical substance which is gaieel in cells
spreads radially from the cells into a solutionabgtiffusion action unless
an external special hydrodynamic action is exert&d.a result, part of the
generated chemical substance reaches a workinggedecand undergoes
oxidation and reduction. For this reason, the amofi the chemical
substance generated and a diffusion distance afitbmical substance to

the working electrode largely affect the amountwifrent generated in the
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working electrode. Similarly, a chemical substancesumed in cells
moves toward near the cells, where the concentratidthe chemical
substance is reduced by the consumption, due tibusidn action.

[0021] However, if a working electrode is formed osubstrate and a
biological sample is brought closer to the workelgctrode, the distance
between the biological sample and the substrateedses. Supply of a
substrate dissolved in a solution to the biologgahple is blocked, and
the amount of a chemical substance generated ibithegical sample by
an enzymatic reaction is smaller than in a casaevhdiological sample is
away from the substrate and is suspended in th#igol Additionally,
since the volume of a three-dimensional region ketwthe biological
sample and the working electrode is small, moshefgenerated chemical
substance cannot remain in the three-dimensiogameand scatters away.
The distance from the scattered chemical substanttee working
electrode is long, the amount of the chemical sarxst that reaches the
working electrode decreases, and sensitivity lowersblem 1).

[0022] Further, since the surface state of the bialalgsample is not
even, and the biological sample is not a perfebesp a straight-line
distance between the working electrode and theobiochl sample is
different for every measurement operation. Thaight-line distance
varies typically by at least sevegain each time measurement is performed.
For this reason, a diffusion distance of the chastbstance is inconstant,
and comparability and reproducibility of measuretdewer (problem 2).
[0023] When a plurality of biological samples are todimultaneously

evaluated by a plurality of working electrodes osubstrate, a value of a
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current flowing through each working electrode isstaffected by the
amount of a chemical substance generated or cortsumenearest
biological sample but is also affected to no smeatkent by the amount of
the chemical substance generated or consumediffeeedt biological
sample in the distance (the problem of crosstallg.accurately detect the
amount of the chemical substance generated or ame$in each
biological sample, a state in which a value of eent flowing through a
working electrode reflects only substance metaboli$ a single biological
sample is most preferable. For this reason, tagedhe influence of a
biological sample located in the distance, a witdenval between
biological samples and a wide interval between waylelectrodes for
evaluating the biological samples need to be selcuvgidening of the
interval between working electrodes, however, iases the area of the
substrate, on which the working electrodes are &mrmThis invites a rise
in substrate cost. For example, if a substratevioich working electrodes
are to be formed is manufactured as part of arelaogle integration (LSI)
chip on an upper surface of the LSI chip by a semulcictor manufacturing
technology, an increase in the size and the codteoL S| chip is inevitable
(problem 3).

[0024] In Non-patent Literature 1, the amounts of cleasubstances
are measured by a plurality of working electrodesasubstrate, which has
problems 1, 2, and 3 described above.

[0025] Problem 1 described above can be fixed by usoiga working
electrode on a substrate but a probe-like workiegteode (a probe

electrode). Since a tip of a probe electrode reegally much smaller than
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a biological sample, the probe electrode and aggadbctrode support do
not block supply of a dissolved substance in atgmiuo the biological
sample more greatly than a working electrode onbstsate. A position of
a probe electrode relative to a biological samplganerally finely
controlled on the order @fm by a manipulator. For this reason, problem 2
described above is also fixed.

[0026] However, position control of a probe electrodquires expensive
equipment, such as a manipulator and a microscygiers for observing a
probe tip position. Probe electrodes are ofterkémdoy inexperienced
users.

[0027] When evaluation of a plurality of biologicalrsples is to be
performed, since movement of a probe by a manipulaeds
considerable time, promptness of measurement ardiaghlness of
biological samples in measurement conditions aeatly impaired.

[0028] In view of the above-described circumstancasplgect of the
present invention is to provide an electrochemmaasurement device and
a transducer used for electrochemical measuremieichvare higher in

sensitivity, comparability, and reproducibility thaver before.

[MEANS TO SOLVE THE PROBLEMS]

[0029] According to the invention of Claim 1, in areefrochemical
measurement device including a plurality of workelgctrodes, each of
the plurality of working electrodes including arelrode surface
supplying or receiving electrons to or from a cheshsubstance generated

or consumed in a biological sample in a solutiosaase an oxidation-
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reduction reaction, all of the electrode surfacagehdiameter dimensions
de; not more than 8Qim and are arrayed on one flat surface, a spacer is
provided in a solution well containing the solutiand the biological
sample, the spacer having a profile surface astanice hin a direction
perpendicular to the one flat surface, the distdam@atisfying

h; = 21.8(q,+0.8)/(d;+9. 715 [um],

the spacer inhibiting the biological sample frontegimg a region on a side
with the one flat surface of the profile surfacel ailowing a dissolved
substance in the solution to diffuse, and a walteis provided between
the two electrode surfaces adjacent to each dhenyall plate extending
to cross a line connecting centers of the two ebelet surfaces, having a
height not less than a height of the spacer froenotie flat surface, and
being impervious to the dissolved substance irstiletion.

[0030] According to the invention of Claim 2, in areefrochemical
measurement device including a plurality of workelgctrodes, each of
the plurality of working electrodes including arelrode surface
supplying or receiving electrons to or from a cheshsubstance generated
or consumed in a biological sample in a solutiosaase an oxidation-
reduction reaction, all of the electrode surfacagehdiameter dimensions
de) not more than 8Qim and are arrayed on one flat surface, a spacer is
provided in a solution well containing the solutiand the biological
sample, the spacer having an inverse-cone-shapéitesurface at a
distance hin a direction perpendicular to the one flat soefathe distance
h, being dependent on a distance m in a directioaljghto the one flat

surface from a center of the closest electrodeaserfind satisfying
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h, = V{(1.05d+6.89)m}-0.48d-2.38t5 [um],

the spacer inhibiting the biological sample frontegimg a region on a side
with the one flat surface of the profile surfacel ailowing a dissolved
substance in the solution to diffuse, and a walteis provided between
the two electrode surfaces adjacent to each dhenyall plate extending
to cross a line connecting centers of the two ebelet surfaces, having a
height not less than a maximum height of the spaoen the one flat
surface, and being impervious to the dissolved taulo® in the solution.
[0031] According to the invention of Claim 3, in thevention of Claim 1
or 2, the electrode surfaces are arrayed in a gordtion in which a
plurality of electrode rows are arranged in a sectinection orthogonal to
a first direction, each of the plurality of elederows having the plurality
of the electrode surfaces which are arranged tnagght line in the first
direction, and the wall plate is provided to extémdhe first direction
between the electrode rows adjacent to each other.

[0032] According to the invention of Claim 4, in thevention of any one
of Claims 1 to 3, the spacer is composed of a gadypllar structures
which extend in the direction perpendicular to ¢me flat surface and
stand at intervals less than 100.

[0033] According to the invention of Claim 5, in thevention of any one
of Claims 1 to 3, the spacer is composed of a posbwcture having a
pore diameter less than 1.

[0034] According to the invention of Claim 6, in areefrochemical
measurement device including a plurality of workelgctrodes, each of

the plurality of working electrodes including ar@lrode surface
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supplying or receiving electrons to or from a chemhsubstance generated
or consumed in a biological sample in a solutiosaase an oxidation-
reduction reaction, all of the electrode surfacagehdiameter dimensions
del Not more than 8im and are arrayed on one flat surface, on which x-y
orthogonal coordinates are defined, such that xdinates of centers of
the at least two electrode surfaces are diffenenhfeach other, and a
plurality of wall plates are provided to be arraydntervals less than 100
pHm in an x direction on the one flat surface whée ¢lectrode surfaces
are arrayed, each of the plurality of wall platgteading in a y direction,
having a height hsatisfying

hs = 21.8(¢+0.8)/(ck+9.7 15 [um],

and being impervious to a dissolved substancearstiution.

[0035] According to the invention of Claim 7, in thevention of Claim 6,
the height h of at least one of two of the wall plates, disesin the x
direction of which from a center of one of the ¢tede surfaces are
smallest and second smallest, changes along tivegtidn so as to be
minimal at a y coordinate equal to a y coordindtthe center of the
electrode surface.

[0036] According to the invention of Claim 8, in thevention of Claim 6,
the heights hof two of the wall plates which extend on two aueles of
one of the electrode surfaces and are paralleht¢h ether without a
different one of the wall plates sandwiched betwientwo wall plates
change along the y direction so as to be minimgl@iordinates equal to a
y coordinate of a center of the electrode surface.

[0037] According to the invention of Claim 9, in thevention of Claim 6,
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an x coordinate of at least one of two of the wé#dites, distances in the x
direction of which from a center of one of the ¢tede surfaces are
smallest and second smallest, changes locally gluag direction such
that the distance in the x direction from the cewnfehe electrode surface
IS maximal at a y coordinate equal to a y coordiridtthe center of the
electrode surface.

[0038] According to the invention of Claim 10, in thwention of Claim
6, an x coordinate of a first wall plate which iseocof the wall plates, a
distance in the x direction of which from a cerdéone of the electrode
surfaces is smallest, changes locally along theection such that the
distance in the x direction from the center of ¢éhectrode surface is
maximal at a y coordinate equal to a y coordindtine center of the
electrode surface, and an x coordinate of a sew@tidplate which is a
different one of the wall plates which is adjactnthe first wall plate
across the center of the electrode surface chdongally along the y
direction such that a distance in the x directi@mmf the center of the
electrode surface is maximal at a y coordinate lefuthe y coordinate of
the center of the electrode surface.

[0039] According to the invention of Claim 11, in tmwention of any
one of Claims 6 to 10, a tall wall plate is furtipgovided between at least
one combination of two x-direction adjacent eledegsurfaces, each of the
at least one combination of the two x-directionaaént electrode surfaces
being a combination of two of the electrode suréasecoordinates of
centers of the two electrode surfaces being differ®m each other, a

different one of the electrode surfaces which hax aoordinate
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intermediate between the x coordinates being nedennt, the tall wall plate
extending in the y direction to cross a line segnoemnecting centers of
the two electrode surfaces over a whole of a wadtthe tall wall plate,
having a height more than the heights of the wlallgs, and being
impervious to the dissolved substance in the smiuti

[0040] According to the invention of Claim 12, in ale@rochemical
measurement device including a plurality of workelgctrodes, each of
the plurality of working electrodes including areelrode surface
supplying or receiving electrons to or from a chemhsubstance generated
or consumed in a biological sample in a solutiosaase an oxidation-
reduction reaction, all of the electrode surfacagehdiameter dimensions
de; not more than 8Qim and are arrayed on one flat surface, on which x-y
orthogonal coordinates are defined, in a configarnain which a plurality
of electrode rows are arranged in an x directi@acheof the plurality of
electrode rows having one or more of the electsadéaces which are
arranged in a y direction such that x coordinafeseaters of all of the one
or more electrode surfaces match up, and a plurafitvall plates are
provided to be arrayed at intervals less thaniddn the x direction on
the one flat surface where the electrode surfacesmayed, the plurality
of wall plates extending in the y direction, havimgights h, and being
impervious to a dissolved substance in the solutio@ heights hbeing
dependent on a distance m in the x direction frozergter of one of the
electrode surfaces which belongs to the electrodethat is closest in the
x direction and satisfying

hs = V{(1.050+6.89)m}-0.48¢-2.385 [um]
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and changing gradually.

[0041] According to the invention of Claim 13, in thwention of Claim
12, the height hof at least one of one or more of the wall platésch
each extend to cross a line segment connectingtaefnd point and a
second end point over a whole or part of a widtkthefwall plate changes
along the y direction so as to be minimal at agrdmate equal to a 'y
coordinate of a center of one of the electrodeasad, the first end point
being not a relatively farther one of a point 306 away in one direction
of the x direction from the center of the electrateface and a point at a
distance which is one-half of a distance to anordmate of a center of the
electrode surface which belongs to the electrodethat is adjacent in the
one direction, the second end point being not aixadly farther one of a
point 300um away in the other direction of the x directioarfr the center
of the electrode surface and a point at a distariteh is one-half of a
distance to an x coordinate of a center of thetedde surface which
belongs to the electrode row that is adjacent enatiner direction.

[0042] According to the invention of Claim 14, in tmwention of Claim
13, the heights jof all of one or more of the wall plates which leaxtend
to cross the line segment over the whole of thahegidf the wall plates
change along the y direction so as to be minimgl@iordinates equal to
the y coordinate of the center of the electrodéasex.

[0043] According to the invention of Claim 15, in twention of any
one of Claims 12 to 14, a tall wall plate is funtipeovided between at least
one combination of the electrode rows which araeelit to each other in

the x direction, the tall wall plate extending rety direction at an x
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coordinate intermediate between x coordinates ofers of the electrode
surfaces which belong to the two electrode rowsjritaa height more than
a maximum height of the wall plates, and being imjmeis to the dissolved
substance in the solution.

[0044] According to the invention of Claim 16, in amisducer s in which
a solution well capable of containing a solutionl @nbiological sample
immersed in the solution is mounted on an LSI chipd a plurality of
working electrodes that each include an electranitase supplying or
receiving electrons to or from a chemical substagereerated or consumed
in the biological sample in the solution to causeaidation-reduction
reaction are provided on the LSI chip, all of thec&ode surfaces have
diameter dimensions,chot more than 8(uim and are arrayed on one flat
surface, a spacer is provided in the solution vik#,spacer having a
profile surface at a distance im a direction perpendicular to the one flat
surface, the distancg batisfying

h, = 21.8(¢+0.8)/(ck+9.7 35 [um],

the spacer inhibiting the biological sample frontegimg a region on a side
with the one flat surface of the profile surfacel alowing a dissolved
substance in the solution to diffuse, and a walteis provided between
the two electrode surfaces adjacent to each athenyall plate extending
to cross a line connecting centers of the two ebelet surfaces, having a
height not less than a height of the spacer froenotie flat surface, and
being impervious to the dissolved substance irstietion.

[0045] According to the invention of Claim 17, in amsducer in which a

solution well capable of containing a solution anbiological sample
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immersed in the solution is mounted on an LSI chipd a plurality of
working electrodes that each include an electranitase supplying or
receiving electrons to or from a chemical substagereerated or consumed
in the biological sample in the solution to causeaidation-reduction
reaction are provided on the LSI chip, all of thec&ode surfaces have
diameter dimensions,chot more than 8(uim and are arrayed on one flat
surface, a spacer is provided in the solution wk#,spacer having an
inverse-cone-shaped profile surface at a distapoe d direction
perpendicular to the one flat surface, the distdnd®ing dependent on a
distance m in a direction parallel to the one $latface from a center of the
closest electrode surface and satisfying

h, = V{(1.050.+6.89)m}-0.48d;-2.38t5 [um],

the spacer inhibiting the biological sample frontegimg a region on a side
with the one flat surface of the profile surfacel ailowing a dissolved
substance in the solution to diffuse, and a waltgis provided between
the two electrode surfaces adjacent to each dhenyall plate extending
to cross a line connecting centers of the two ebelet surfaces, having a
height not less than a maximum height of the spaoen the one flat
surface, and being impervious to the dissolved taua® in the solution.
[0046] According to the invention of Claim 18, in thwention of Claim
16 or 17, the electrode surfaces are arrayed onfiguration in which a
plurality of electrode rows are arranged in a sectinection orthogonal to
a first direction, each of the plurality of elederows having the plurality
of the electrode surfaces which are arranged tnaggét line in the first

direction, and the wall plate is provided to extémdhe first direction
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between the electrode rows adjacent to each other.

[0047] According to the invention of Claim 19, in thwention of any
one of Claims 16 to 18, the spacer is composedgobap of pillar
structures which extend in the direction perpenidicto the one flat
surface and stand at intervals less than 190

[0048] According to the invention of Claim 20, in thiwention of any
one of Claims 16 to 18, the spacer is composedpafraus structure
having a pore diameter less than 100.

[0049] According to the invention of Claim 21, in amsducer in which a
solution well capable of containing a solution anbiological sample
immersed in the solution is mounted on an LSI chipd a plurality of
working electrodes that each include an electranitase supplying or
receiving electrons to or from a chemical substagereerated or consumed
in the biological sample in the solution to causeb&idation-reduction
reaction are provided on the LSI chip, all of thec&rode surfaces have
diameter dimensions,chot more than 8Qim and are arrayed on one flat
surface, on which x-y orthogonal coordinates arendd, such that x
coordinates of centers of at least two of the edelet surfaces are different
from each other, and a plurality of wall plates previded to be arrayed at
intervals less than 1g0m in an x direction on the one flat surface where
the electrode surfaces are arrayed, each of thalpgiuof wall plates
extending in a y direction, having a heightsiatisfying

hs = 21.8(q,+0.8)/(d;+9. 715 [um],

and being impervious to a dissolved substancearstiution.

[0050] According to the invention of Claim 22, in tmwention of Claim
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21, the height fof at least one of two of the wall plates, disesn the x
direction of which from a center of one of the ¢tede surfaces are
smallest and second smallest, changes along tivectidn so as to be
minimal at a y coordinate equal to a y coordindtthe center of the
electrode surface.

[0051] According to the invention of Claim 23, in thwention of Claim
21, the heights 3of two of the wall plates which extend on two aw&les
of one of the electrode surfaces and are parallebth other without a
different one of the wall plates sandwiched betweentwo wall plates
change along the y direction so as to be minimgl@iordinates equal to a
y coordinate of a center of the electrode surface.

[0052] According to the invention of Claim 24, in tmwention of Claim
21, an x coordinate of at least one of two of tladl wlates, distances in the
x direction of which from a center of one of the@lode surfaces are
smallest and second smallest, changes locally glvag direction such
that the distance in the x direction from the cewnfehe electrode surface
IS maximal at a y coordinate equal to a y coordiridtthe center of the
electrode surface.

[0053] According to the invention of Claim 25, in tmwention of Claim
21, an x coordinate of a first wall plate whicloise of the wall plates, a
distance in the x direction of which from a certéone of the electrode
surfaces is smallest, changes locally along theection such that the
distance in the x direction from the center of ¢éhectrode surface is
maximal at a y coordinate equal to a y coordindtine center of the

electrode surface, and an x coordinate of a sea@tidplate which is a
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different one of the wall plates which is adjactnthe first wall plate
across the center of the electrode surface chdongaly along the y
direction such that a distance in the x directiemf the center of the
electrode surface is maximal at a y coordinate lefuthe y coordinate of
the center of the electrode surface.

[0054] According to the invention of Claim 26, in thwention of any
one of Claims 21 to 25, a tall wall plate is funtipeovided between at least
one combination of two x-direction adjacent eledegsurfaces, each of the
at least one combination of the two x-directionaaéjnt electrode surfaces
being a combination of two of the electrode suréacecoordinates of
centers of the two electrode surfaces being differ®m each other, a
different one of the electrode surfaces which hag aoordinate
intermediate between the x coordinates being nedennt, the tall wall plate
extending in the y direction to cross a line segnoemnecting centers of
the two electrode surfaces over a whole of a wadtthe tall wall plate,
having a height more than the heights of the wlallgs, and being
impervious to the dissolved substance in the smiuti

[0055] According to the invention of Claim 27, in amsducer in which a
solution well capable of containing a solution anbiological sample
immersed in the solution is mounted on an LSI chipd a plurality of
working electrodes that each include an electranttase supplying or
receiving electrons to or from a chemical substageerated or consumed
in the biological sample in the solution to causeaidation-reduction
reaction are provided on the LSI chip, all of thec&ode surfaces have

diameter dimensionsgchot more than 8Qim and are arrayed on one flat
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surface, on which x-y orthogonal coordinates affenédd, in a
configuration in which a plurality of electrode reware arranged in an x
direction, each of the plurality of electrode rolmsv/ing one or more of the
electrode surfaces which are arranged in a y doeduch that x
coordinates of centers of all of the one or moee&bde surfaces match up,
and a plurality of wall plates are provided to beged at intervals less
than 100um in the x direction on the one flat surface whitwe electrode
surfaces are arrayed, the plurality of wall plaggtending in the y
direction, having heights;hand being impervious to a dissolved substance
in the solution, the heights, being dependent on a distance m in the x
direction from a center of one of the electroddatas which belongs to
the electrode row that is closest in the x dirattod satisfying

hs = V{(1.050.+6.89)m}-0.48d;-2.38t5 [um]

and changing gradually.

[0056] According to the invention of Claim 28, in thwention of Claim
27, the height hof at least one of one or more of the wall platésch

each extend to cross a line segment connectingtaefnd point and a
second end point over a whole or part of a widtkthefwall plate changes
along the y direction so as to be minimal at agrdmate equal to a 'y
coordinate of a center of one of the electrodeaad, the first end point
being not a relatively farther one of a point 306 away in one direction
of the x direction from the center of the electretdeface and a point at a
distance which is one-half of a distance to anordmate of a center of the
electrode surface which belongs to the electrodethat is adjacent in the

one direction, the second end point being not aixadly farther one of a
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point 300um away in the other direction of the x directioarfr the center
of the electrode surface and a point at a distariteh is one-half of a
distance to an x coordinate of a center of thetedde surface which
belongs to the electrode row that is adjacent enatiner direction.

[0057] According to the invention of Claim 29, in tmwention of Claim
28, the heights fof all of one or more of the wall plates which leaxtend
to cross the line segment over the whole of thahlgi@f the wall plates
change along the y direction so as to be minimgl@iordinates equal to
the y coordinate of the center of the electrodéasex.

[0058] According to the invention of Claim 30, in tmwention of any
one of Claims 27 to 29, a tall wall plate is funtipeovided between at least
one combination of the electrode rows which araeelit to each other in
the x direction, the tall wall plate extending frety direction at an x
coordinate intermediate between x coordinates ofers of the electrode
surfaces which belong to the two electrode rowsjritaa height more than
a maximum height of the wall plates, and being inpais to the dissolved

substance in the solution.

[EFFECTS OF THE INVENTION]
[0059] The present invention allows measurement dfeargcal
substance generated or consumed in a biologicgbleaim a solution with

high sensitivity, comparability, and reproducibjlit

[BRIEF DESCRIPTION OF THE DRAWINGS]
[0060] Fig. 1is a graph showing a relationship betwae electrode-to-
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model-sample distance z and a current value 1.

Fig. 2 is a graph showing a relationshipua®n a model sample
diameter ¢, and an effective range for the electrode-to-sardtance z.

Fig. 3 is a graph showing a relationshipieen an electrode diameter
del and the effective range for the electrode-to-sangidtance z.

Fig. 4 is a graph showing a relationshipieen the electrode-to-
sample distance z and the current value l/a ratg &f reaction.

Fig. 5 is a graph showing a relationshippagithe electrode-to-
sample distance z, the current value |, and a siffu coefficient D.

Fig. 6A is a schematic view for explainiagonfiguration of a main
portion of a first embodiment (type 1) of an electiemical measurement
device according to the present invention.

Fig. 6B is a schematic view for explainiihg configuration of the
main portion of the first embodiment (type 1) oéthlectrochemical
measurement device according to the present inmenti

Fig. 7A is a schematic view for explainiagonfiguration of the main
portion of the first embodiment (type 2) of theatechemical
measurement device according to the present inm@nti

Fig. 7B is a schematic view for explainiihg configuration of the
main portion of the first embodiment (type 2) oéthlectrochemical
measurement device according to the present inmenti

Fig. 8A is a schematic view for explainiagonfiguration of a main
portion of a second embodiment (type 1) of the tebethiemical
measurement device according to the present inm@nti

Fig. 8B is a schematic view for explainiihg configuration of the
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main portion of the second embodiment (type 1hefelectrochemical
measurement device according to the present inmenti

Fig. 9A is a schematic view for explainiagonfiguration of the main
portion of the second embodiment (type 2) of treebchemical
measurement device according to the present inm@nti

Fig. 9B is a schematic view for explainiihg configuration of the
main portion of the second embodiment (type 2hefelectrochemical
measurement device according to the present inmenti

Fig. 10 is a schematic view for explainangonfiguration of a main
portion of a modification of the second embodimeinthe electrochemical
measurement device according to the present inm@nti

Fig. 11 is a schematic view for explainamgonfiguration of a main
portion of a modification of the second embodimeiithe electrochemical
measurement device according to the present inmenti

Fig. 12 is a schematic view for explainangonfiguration of a main
portion of a modification of the second embodimeinthe electrochemical
measurement device according to the present inm@nti

Fig. 13 is a view for explaining an exampfarrangement of wall
plates with respect to electrode surfaces arrayeshiarray.

Fig. 14A is a plan view showing one emboeintnof a transducer
according to the present invention.

Fig. 14B is a cross-sectional view showting one embodiment of the
transducer according to the present invention.

Fig. 15 is a perspective view of the trars&t shown in Fig. 14.
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[DETAILED DESCRIPTION OF THE EMBODIMENTS]

[0061] The inventors made an detailed analysis ofatiomship between
a process of diffusion of a dissolved substance solution which is
associated with a chemical reaction occurring Imodogical sample and a
current flowing through an electrode on a substiaedectrochemical
measurement. As a result, the inventors foundabethat arranging a
biological sample at a given distance determinedrmylectrode surface
diameter and a biological sample diameter away faonelectrode surface
in a direction perpendicular to the electrode stefand forming a path for
free diffusion of a dissolved substance below tiodolgical sample made
the amount of current larger and measurement $ehgitigher than in a
case where the biological sample was immediatetyaland close to the
electrode surface.

[0062] The inventors also found the fact that arrag@rbiological
sample away from an electrode surface in a diregierpendicular to the
electrode surface made variability in current vadue to the low accuracy
of controlling a position of the biological sampkdative to the electrode
surface smaller than that when the biological semyds immediately
above and close to the electrode surface and inegroveasurement
comparability and reproducibility.

[0063] Simulation results which have led to the abdeseribed findings
will be described below.

[0064] In simulations, the simulation software COMSWMultiphysics
(Japanese registered trademark) was used. An enddvgdy produced

from mouse ES cells was adopted as a model saniA®. generated by an
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ALP enzymatic reaction at a surface of the modeia was adopted as a
chemical substance to be generated in the modellsanthe chemical
substance (PAP) generated in the model samplesagfueaches an
electrode surface of a working electrode, and idia&d on the electrode
surface. At this time, a value of a current geteztan the working
electrode is detected. The other conditions ameasribed below.
[0065] <Enzymatic reaction>

At a surface of a model sample, an ALP ematyc reaction using
PAPP that is a dissolved substance in a solutiansagstrate progresses,
and PAP is generated. A rate v of reaction (garrpfor the ALP
enzymatic reaction follows Michaelis-Menten equat{d).
V= A:smeax[S] 1)

K m +IS]

[0066] In equation (1), A represents the surface area of the model

sample, Vhax represents a rate of reaction per unit surfaca ar¢he model
sample when the substrate concentration is infilkifgrepresents the
Michaelis constant for the ALP enzymatic reactiand [S] represents the
substrate concentration. Values gf.yand K, were respectively set to
2.65x10" mol/(s-nf) and 1.%10° mol/L. An initial value of [S] was set to
5.0x10° mol/L.
[0067] <Electrode reaction>

A two-electron oxidation reaction of PAPhgeated in the model
sample progresses on the electrode. An electrotenpal was assumed to
be sufficiently high for the reaction to be complgtdiffusion-controlled.

A current value | during the reaction follows eqaat(2).
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1= [i(x,y)dAg 2
Agl
I(X,y) = nFDW ©))

[0068] In equation (3), i(x,y) and c(x,y) respectivegpresent a current
density and the concentration of the chemical sulzst to be detected, at
an arbitrary point (x,y) on a surface of the eled&. A, represents an
electrode area, n represents the number of electnmolved in the
reaction, F represents the Faraday constant, [@septs a diffusion
coefficient of the chemical substance to be detestehe solution, and z
represents a coordinate in a direction perpendidaléhe electrode surface
(an x-y plane). n, F, and D were respectivelyts&, 9.6410* C/mol, and
6.4710"° m*/s. The current value | after 200 seconds sineestart of the
electrode reaction was shown as a measurement.resul
[0069] <Others>

Shape of model sample: diametgr=d200um, spherical

Shape of electrode surface: diameter @0 um, circular

Position of electrode surface: a horizodiatance between central
coordinates of the electrode surface and centadanates (x,y) of the
model sample is 0

Distance z: 0 to §dm
[0070] The present inventors investigated how theenirvalue |
resulting from the oxidation reaction of the cheahisubstance generated

in the model sample changed with the distance wdx the electrode
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surface and a lower end of the model sample. Fig.a graph of a
simulation result representing a relationship betwthe current value |
and the distance z.

[0071] As seen from Fig. 1, the current value | hascal maximum
value at z = 1@um. Thus, it turned out that placing the model skenap an
optimum position where a peak current value wasiobtl made
measurement sensitivity much higher than the seitgitvhen the distance
z was Oum. The tendency of the distance z is independetiteoelectrode
diameter ¢ and the model sample diametg. d

[0072] Further, it is clear from Fig. 1 that a varoettiin the current value
| when the distance z varies near the above-destidcal maximum value
Is much smaller than a variation in the currentredl when the distance z
varies near z = im. If a cell, a cell aggregate, a piece of tissudhe

like is adopted as a biological sample, it is duft to control the distance z
with an accuracy of severpm because unevenness is present at a surface
of the biological sample or the shape of the biaalgsample is not
necessarily a spherical shape. However, settiaglistance z to a value
near the local maximum value can reduce variahifitthe current value |
resulting from the low accuracy of controlling ttlistance z, resulting in
improvements in the accuracy of determining a gtetnte relationship
between different measurement objects (compargpdind the
reproducibility of a measurement result for the sanmeasurement object.
[0073] The closer to the local maximum value the diséaz is, the larger
the improvements in the comparability and the rdpoobility becomes.

The improvements are especially remarkable whenligtance z is within
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a range where the current value is 90% or moré®peak current value.
For this reason, if the distance z is set to aevatithin the range, potent
effects are achieved not only in terms of improving sensitivity but also
in terms of improving the comparability and the nagucibility.

[0074] It was found from results of various simulasgrerformed by the
inventors that the effective range for the distane@ried significantly
depending on measurement conditions, especiallgldwtrode diameter
and the biological sample diameter. It is thusessary to set an electrode
having an appropriate diameter and the appropdistance z in order to
evaluate a biological sample having a particulantgter.

[0075] However, in the case of biological sampleshsag cells, cell
aggregates, or pieces of tissue, the diameteisedbiblogical samples vary
widely depending on the types and states of célgen if the biological
samples are harvested from the same site of the ssshbody or are
acquired under the same culture conditions, thendiars of the biological
samples vary by severgin to several hundreds am. It is unrealistic in
terms of cost to check the diameters of all biatagsamples before
measurement and set an appropriate electrode ceaued the appropriate
distance z for each biological sample. Additiopafjuantitative
comparison of measurement results acquired foedfit electrode
diameters and different values of the distanceexisemely difficult.

[0076] In order to solve the above-described problams,effective to
obtain an electrode diameter and a range for tht@wice z which allow
production of potent effects for all biological sales having various

diameters within a reasonable range and to measui@us biological



10

15

20

25

-30-

samples using an electrochemical measurement dewtcehe same
configuration.

[0077] The inventors obtained electrode diametersaarahge for the
distance z which achieve high sensitivity, the eff@f improving the
comparability, and the effect of improving the regucibility if the
diameters of cell aggregates, which are said teeraccurately reproduce a
bioactivity inside a biological body, vary withinég commonly used range
of 100 to 60Qum. The procedure for the obtainment will be dédsadli
below.

[0078] First, the inventors investigated how a lowenitl z,;,, and an
upper limit z,,x of an effective range for the distance z changel thie
model sample diameteg df the electrode diametegdvas 20um. Fig. 2
shows a result of the simulation. When the eletdrdiameter gis 20um
and the distance z is not less thgp and not more than,z, shown in Fig.
2 for each value of the model sample diametgrnide current value | is
90% or more of the peak current valug,{m the drawing represents an
optimum value for the distance z which gives thakpeurrent value). Let
Zmax' D€ Znax When the model sample diametgyid 100pum and z;.,* be
Zmin When the model sample diametgyid 600pum. If the distance z is
within a shaded range in Fig. 2 which has a lowsitlof z,,;,* and an
upper limit of z,,* when the model sample diametef das a value of 100
to 600um, the current value | is 90% or more of the pealent value.
[0079] The inventors then investigated how,zand z,, changed with
the electrode diametegd Fig. 3 shows a result of the simulation. If a

value of the electrode diametey & within the range of 0 to §0m, and
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the distance z is within the range not less thatt and not more than
Zmax® Shown in Fig. 3, the above-described potent éffece obtained for
biological samples having,g= 100 to 60Qum. By fitting operation using
a non-linear least-squares method, the range &distance z is roughly
represented by equation (4) that is a functiorhefdlectrode diameteg,d
Thus, the distance z may be set within the rangeesented by equation
(4), where z > 0.
S = 21.8(dg + 0.8)
dy +97
[0080] As can be seen from Fig. 3, equation (4) cabeatsed when the

=5 [um] (4)

electrode diametereds not less than about 0n. However,
electrochemical measurement on minute biological@eas, such as cells,
commonly uses an electrode having=d50um or less. This is because an
S/N ratio of a current value (the ratio betweerasaBay current generated
by an oxidation-reduction reaction of a chemicdlsgance to be detected
and a charging current generated by an electrolgt¢o be detected)
increases significantly at an electrode havigg=dbOum or less. Thus, the
distance z can be determined in accordance witatexu(4).

[0081] The effective range for the distance z can wyending on the
rate v of generation, at which a chemical substasigenerated in a
biological sample, and the diffusion coefficienobthe chemical
substance, in addition to the electrode diamefeardl the biological
sample diametersg The influences of the parameters, however, are
limited.

[0082] Itis clear from equation (1) that, if the strage concentration [S]
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is sufficiently high, the rate v of generation istwally determined by the
rate Vpnax Of reaction when the substrate concentrationfigite. For this
reason, the inventors investigated how the effeatange for the distance z
changed with the rate,) of reaction. Fig. 4 shows a result of simulating
the current value | for each of various combinagiofithe rate W.x of
reaction and the distance z. The ordinate of thglgshown in Fig. 4
represents the current value | normalized withrtdte V. Of reaction. It

is clear from Fig. 4 that a relationship betweems ¢rrent value |
normalized with the rate 4 of reaction and the distance z remains almost
unchanged even if the rateg,¥, of reaction changes and that the effective
range for the distance z remains almost unchanged.

[0083] Similarly, the inventors investigated how thteetive range for
the distance z changed with the diffusion coeffiti®. Fig. 5 shows a
result of simulating the current value | for eadlvarious combinations of
the diffusion coefficient D and the distance z.l0és of the diffusion
coefficient D for typical chemical substances tode¢ected used in the
medical or life science field, such as PAP, iromptexes, ruthenium
complexes, and hydrogen peroxide, range roughiy fte10*° to 20<10*°
m?/s. It is clear from Fig. 5 that, if the diffusimoefficient D is within the
range of k10" to 20x10'° mP/s, the relationship between the current
value | and the distance z remains almost uncharagedithe effective
range for the distance z remains almost unchanged.

[0084] As seen from the above-described results, equéd) indicating

a relationship between the distance z and thereldetdiameter glneeded

to achieve the above-described potent effectsitdogical samples having
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diameters of 100 to 600m is also useful for measurement systems having
various values of the rate v of generation andowerivalues of the
diffusion coefficient D.
[0085] <First embodiment of present invention>

Based on the simulation results descrillexl/a, a first embodiment
of an electrochemical measurement device accordinige present
invention has the configuration below. An electremical measurement
device has a solution well 60, a spacer 10 or Malaplate 31, and a
plurality of working electrodes 21. The spacerot®0, the wall plate 31,
and the plurality of working electrodes 21 arefixkéd on a flat surface 20a
of the solution well 60. The flat surface 20a isadtom surface of the
solution well 60 which is in contact with a solution a state where the
solution well 60 contains the solution and is, éaample, a surface of a
semiconductor chip on which an integrated circsiitormed. A surface of
each working electrode 21 which is in contact vifth solution is an
electrode surface 21a. The spacer 10 or 50, dwtretle surfaces 21a, and
the wall plate 31 are immersed in the solution mwyrneasurement.
[0086] <Biological sample>

A biological sample 40 has a diameter eetslthan 10Qim and not
more than 60@um. The "diameter" of the biological sample 40 ref®
the diameter of a smallest sphere which encompabkedsiological sample
40.
[0087] <Spacer>

The spacer 10 or 50 has a profile surfasehéch a distance in a

perpendicular direction to the flat surface 20#sfalithin a range for a
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distance z given by equation (4). The spacer 1®0qgoermits a dissolved
substance in the solution to diffuse while inhihgtithe biological sample
40 from entering a region on the flat surface 2@a sf the profile surface.
In other words, the spacer 10 or 50 hasight of h (a length from
the flat surface 20a along a normal to the flataszeg 20a) and a structure
in which an enclosed three-dimensional region isfooned by the
biological sample 40, the flat surface 20a, andsihecer 10 or 50 while the
biological sample 40 is in contact with the spab@ior 50. his a
predetermined value within the range for the distan given by equation
4).
[0088] The biological sample 40 is arranged alongpitudile surface of
the spacer 10 or 50. That is, the biological s&wfl is arranged in contact
with the spacer 10 or 50.
[0089] With the above-described structure, the distametween the flat
surface 20a and the biological sample 40 can bghlylkept at h. The
"distance between the flat surface 20a and thebiodl sample 40" means
a shortest distance between the flat surface 204dhenbiological sample
40 and is a minimum length of a half line connegtam intersection of the
normal to the flat surface 20a and the flat surfz@a and an intersection of
the normal and the biological sample 40. The reasgloy the term
“roughly"” is used here is that the distance betwerflat surface 20a and
the biological sample 40 may be strictly less thadepending on the
shape and posture of the biological sample 40.nkvehis case, the
shapes of the individual biological samples 40srietly different from

one another, and the postures of the individudblical samples 40 are
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strictly different from one another, so the abowescatibed effect of
“iImproving sensitivity, comparability, and reprodlidity” is not lost from
a statistical standpoint.
[0090] On the grounds that the distance between #testirface 20a and
the biological sample 40 may be strictly less thgrh, may be a
predetermined value within a range for the distangeven by equation
(4a). Equation (4a) means that an upper limither distance z is
21.8(d,+0.8)/(d,+9.7)+5 um] and that a lower limit for z is
21.8(d+0.8)/(c+9.7)+0 jum].
L _218(de +08)
dg +97

[0091] h may be a constant independent of a position offlahsurface

(+5,0) [um] (48)

20a or a value determined by a function with thsifian on the flat
surface 20a as a variable. Even in the latter,dass a value within the
range for the distance z given by equation (4).
[0092] Thatis, the height 10 or 50 of the spacer 180@need not be
uniform over a whole region on the flat surface.2Gar example, a region
where the height of the spacer 10 or 50 is relitil@v and a region where
the height of the spacer 10 or 50 is relativelyhhngay be present on the
flat surface 20a. Alternatively, a region where tieight of the spacer 10
or 50 changes in a stepwise manner may be presahedlat surface 20a.
[0093] <Electrode surface>

Arrangement of an electrode surface ispasticularly limited. For
example, the distance between adjacent electradi@cgs is roughly not

less than 12@um. However, in actual usage, a distance L betveeeanter
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of a first electrode surface corresponding to st fmological sample and a
center of a second electrode surface corresportdiagsecond biological
sample (the second biological sample is differeninfthe first biological
sample) needs to satisfy the condition that thet brological sample and

the second biological sample are not contact edoér avhile the first
biological sample and the second biological samapéerespectively
arranged above the first electrode surface andd¢bend electrode surface.
That is, all electrode surfaces may be used or ssigwrode surfaces may
be used in actual electrochemical measurement.

[0094] The electrode surface 21a of each working edéet 21 supplies

or receives electrons to or from a chemical sultgaenerated or
consumed in the biological sample 40 having a diameot less than 100
um and not more than 6Q0n. As a result, an oxidation-reduction reaction
of the chemical substance progresses. All of thetde surfaces 21a
have diameters not more than 8. Although the shape of each electrode
surface 21a is preferably circular, the shape neaglhptical or polygonal.

If the shape of the electrode surface 21a is nooular, a diameterglof

the electrode surface 21a i¢(2/m). Note that A represents the area of the
electrode surface 21a. A center of the electradfase 21a is a

geometrical center of the electrode surface 21#hel shape of the

electrode surface 21a is circular, the center efdlectrode surface 21a is a
center of a circle. If the shape of the electreddace 21a is elliptical, the
center of the electrode surface 21a is an intaseof a major axis and a
minor axis of an ellipse. If the shape of the &lede surface 21a is

rectangular, the center of the electrode surfa@eian intersection of
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diagonal lines. If the electrode surface 21a hesmaplicated shape, a
center of a minimum circle which encompasses thetedde surface 21a is
defined as the center of the electrode surface 21a.
[0095] Although two electrode surfaces 21a are illstd in Figs. 6 to
12 to be referred to in the description below, thtal number of electrode
surfaces 21a is not limited to two. The arrangerséape of three or more
electrode surfaces 21a is not limited. Any arranget shape, such as a
lattice shape (a shape with electrode surfacedddaan lattice points), a
linear shape (a shape with electrode surfacesddaa a straight line), a
circular shape (a shape with electrode surfacestdolcon a circle), or the
shape of a polygonal frame (a shape with electsagttaces located on
sides of a polygon), can be selected.
[0096] <Wall plate>

The wall plate 31 is placed between twatzle surfaces 21a
adjacent to each other. The wall plate 31 hapthperty of being
impervious to the dissolved substance in the smiutiThe wall plate 31
reduces crosstalk.
[0097] The shape of the wall plate 31 when the flafazie 20a is
squarely viewed, that is, the shape of the wallgp&l when the flat
surface 20a is viewed from a normal direction & tlat surface 20a may
be, for example, the shape of a straight line stegpe of a polygonal line,
or a shape extending curvedly, or an annular sbapiee shape of a
polygonal frame. Note that, if the wall plate 3sha closed structure as in
the latter case, the wall plate 31 needs to besired not to be in contact

with the biological sample 40 while the biologicample 40 is in contact



10

15

20

25

-38-

with the spacer 10 or 50.
[0098] The wall plate 31 has a height not less thanhiight of h. That
is, the height of the wall plate 31 is above thegeafor the distance z
represented by equation (4). There is no limanaupper limit for the
height of the wall plate 31. In actual usage, latsan surface exceeds the
height of the wall plate 31 from the standpoinuafformity of
measurement conditions. Additionally, it is noquéeed that the wall plate
31 is formed throughout the flat surface 20a. &ample, the wall plate
31 is unnecessary in a location sufficiently awapnf the electrode surface
21a.
[0099] The relationship between the number of ele@rsurfaces and the
number of wall plates is not particularly limite¢However, it is
unnecessary to uselessly form many wall platexoifiguration in which
a plurality of electrode surfaces are arranged betwadjacent wall plates
or between a wall plate and a wall of the solutiall is admissible.
[0100] <Type 1>

Figs. 6A and 6B show an example of tha #rebodiment of the
electrochemical measurement device. The spaces d@mposed of a
plurality of pillar structures 11 standing closgéther. The wall plate 31
is placed between two adjacent electrode surfatas Zhe pillar
structures 11 having uniform heights extend fromftht surface 20a of a
substrate 20, on which the electrode surfaces Bdaraanged, in the
normal direction of the flat surface 20a. In thiample, the interval
between any two pillar structures 11 is less th@ddm. For example,

when the biological sample 40 having a diametekGffum is to be
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measured, an electrochemical measurement devigeghthe pillar
structures 11 formed at intervals of abou@0is used. A broken line in
Fig. 6B indicates a position of the profile surfdbat is away by a distance
of h; from the flat surface 20a.

[0101] A supplemental explanation of the interval betw the pillar
structures 11 will be given. If the interval beewethe pillar structures 11
is set wide (for example, if the interval is slighsmaller than the diameter
of the biological sample 40), although a path etoioy the dissolved
substance in the solution to diffuse can be secutesldifficult to set the
distance between the flat surface 20a and the dpcdbsample 40 within
the range for the distance z given by equation @).the other hand, if the
interval between the pillar structures 11 is setowa (for example, if the
interval is significantly smaller than the diametérthe biological sample
40), although it is easy to set the distance betvike flat surface 20a and
the biological sample 40 within the range for thetahce z given by
equation (4), a path enough for the dissolved sulast in the solution to
diffuse cannot be secured, and it is difficult eek the biological sample
40 at a position immediately above the electrodése 21a. Thus, in
actual usage, an electrochemical measurement de&wdag a spacer
composed of the pillar structures 11 that are gmpaitely arranged in
accordance with the diameter and shape of the d¢iicdd sample 40 is used.
The intervals between the pillar structures 11 matybe fixed.
Additionally, it is not required that the pillargttures 11 are formed
throughout the flat surface 20a. For example,a&8pis unnecessary in a

location sufficiently away from the electrode sud&1a.
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[0102] The wall plate 31 extends in a straight lin@idirection crossing
a line segment connecting the centers of the tyacadt electrode
surfaces 21a. In this example, the wall plate @&reds in a y direction
orthogonal to an array direction of the two elededsurfaces 21a standing
side by side in an x direction. The wall platei8placed at a position
equally distant from the two adjacent electroddeasies 21a. The wall
plate 31 has a height not less than the heightiseopillar structures 11.
That is, the height of the wall plate 31 is abdve tange for the distance z
represented by equation (4).

[0103] The biological sample 40 is put above the eteld surface 21a
by pipetting operation using a microscope, by usirguide, or the like.
That is, a horizontal distance between the eleetsadface 21a and the
biological sample 40 (a distance in a directiorafial to the electrode
surface 21a, that is, the flat surface 20a) is hbp§. In this case, the
distance z between the electrode surface 21a anlidhogical sample 40
falls roughly within the range in equation (4) ewenhout performing a
special operation. Thus, a path, through whichdissolved substance in
the solution diffuses, is formed between the biadagsample 40 and the
electrode surface 21a. As a result, the amouatatfemical substance to
be detected generated or consumed in the biologaraple 40 increases.
Additionally, since the volume of a three-dimensibregion between the
biological sample 40 and the electrode surfacei@dreases, the amount of
part of the generated or consumed chemical substahtch stays inside
the three-dimensional region increases. The twaces contribute to an

increase in the amount of the chemical substaraterdaches the electrode
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surface 21a.
[0104] With the presence of the spacer 10, a diffusitooke between the
biological sample 40 and the electrode surfacei2il@ng. The amount of
the chemical substance that scatters away witheadhing the electrode
surface 21a is thus considered to increase. Howsiree the distance
between the biological sample 40 and the electsuiiface 21a is
controlled by the spacer 10 so as to fall withirappropriate range, the
two effects described earlier dominate, and, asalt, the amount of the
chemical substance that reaches the electrodecsu?fba is considered to
increase.
[0105] <Type 2>

An "inverse-cone-shaped structure" in whioé height of a spacer at
a position closest to the center of the electragétase 21a is lowest and
increases gradually in a direction away from theteeof the electrode
surface 21a can be adopted as a spacer strudfuhe biological sample
40 having a specific gravity higher than that af #olution is put in an
electrochemical measurement device including tleeasp50 with this
configuration by using a pipette or the like, theltigical sample 40 can be
sunk under its own weight toward a low positiortlof spacer 50, that is,
the center of the electrode surface 21a withoutgiany special
mechanism. Thus, as for the positional relatiomstiithe biological
sample 40 with the electrode surface 21a, not ardistance in the normal
direction of the flat surface 20a but also a distim a direction parallel to
the electrode surface 21a, that is, the flat serif@a can be optimized.

[0106] Additionally, appropriate setting of the retatship between a
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horizontal distance (a distance in the directiorapjal to the electrode
surface 21a, that is, the flat surface 20a) m feogiven point X on the flat
surface 20a to the center of the electrode surZdeeand the height of the
spacer at the point X allows the distance betwherflat surface 20a and
the biological sample to be set within the effeetrange for the distance z
obtained by the above-described simulations as &g biological sample
diameter ¢, has a value within the range of 100 to 00.

[0107] Figs. 7A and 7B illustrate an electrochemicalasurement device
including the spacer 50 having an inverse-cone-athapructure. In Figs.
7A and 7B, the spacer 50 having the inverse-com@esth structure is
composed of a plurality of pillar structures 51feiiént in height. The
pillar structures 51 standing close together extieoh the flat surface 20a
of the substrate 20, on which the electrode susf@de are arranged, in the
normal direction of the flat surface 20a. In thxample, the interval
between any two pillar structures 51 is less thaddm. For example,
when the biological sample 40 having a diametetGéfum is to be
measured, an electrochemical measurement deviagechthe pillar
structures 51 formed at intervals of abou@0is used. See the
supplemental explanation on the interval betweenpilar structures 11
for the interval between the pillar structures 51.

[0108] Fig. 7B illustrates two biological samples 4@atent in diameter
ds,. If several values are appropriately selectedadises of the diameter
dsp from the range of 100 to 6Q0n, and a curve circumscribing outlines of
all of respective biological samples which are aged at heights equal to

optimum values of z for the values af,dhat is, h indicated by a broken
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line in Fig. 7B is obtained by fitting,,hs roughly a median in equation (5)
below. m represents a distance [upimn] from the center of the electrode
surface 21a in the direction parallel to the flatface 20a. Note that,
letting L be a center-to-center distance betweemddjacent electrode
surfaces 21a which are closest, m at least satiffie m< L/2 (h, > 0).

h, =/ (L05dg + 689)m - 048d, — 238+5 [um]  (5)
[0109] The spacer 50 in this example has an inverse-sbaped profile

surface in which the distance im the normal direction of the flat surface
20a that is dependent on the distanceum][satisfies equation (5). In a
state where the biological sample 40 is in contattt the profile surface
of the spacer 50 (that is, the pillar structuresibXhe solution and is
located immediately above the center of the elelesurface 21a,
electrochemical measurement is executed.

[0110] The wall plate 31 extends in a straight lin@idirection crossing
a line segment connecting centers of two adjadectrede surfaces 21a.
In this example, the wall plate 31 extends in thergction orthogonal to
an array direction of the two electrode surfaces &hnding side by side in
the x direction. The wall plate 31 is placed g@aition equally distant
from the two adjacent electrode surfaces 21a. Waleplate 31 has a
height not less than a maximum height of the pskauctures 51. That is,
the wall plate 31 has a height not less than a maxi value within a
range for h given by equation (5), where m is a horizontatahse of a
point on the flat surface 20a located immediatedlpty the wall plate 31
from the center of the electrode surface 21a ctdsethe point.

[0111] When the biological sample 40 is placed, tlwdgical sample 40
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can be sunk under its own weight toward a bottonmigo of the inverse-
cone-shaped spacer 50 without any special opera#éaihis time, a
horizontal distance between the electrode surfdeea?d the biological
sample 40 (a distance in the direction paralléhtoelectrode surface 21a,
that is, the flat surface 20a) is 0. Note thatsia position where the
biological sample 40 is in contact with the spa@@varies depending on
the sample diametegglthe distance z between the electrode surface 21a
and a lower end of the biological sample 40 vadiegending on .

[0112] As in the configuration shown in Figs. 6A ar8l, @ path, through
which the dissolved substance in the solution d#8) is formed between
the biological sample 40 and the electrode surfdeein the configuration
shown in Figs. 7A and 7B. Thus, the amount of @ntical substance to be
detected generated or consumed in the biologicapka40 increases.
Also, since the volume of a three-dimensional regpetween the
biological sample 40 and the electrode surfacei@dreases, the amount of
part of the generated or consumed chemical substahtch stays inside
the three-dimensional region increases. The twaces contribute to an
increase in the amount of the chemical substareteréaches the electrode
surface 21a.

[0113] With the presence of the spacer 50, a diffustooke between the
biological sample 40 and the electrode surfacei2i@ng. The amount of
the chemical substance that scatters away witheadhing the electrode
surface 21a is thus considered to increase. Howsiree the distance
between the biological sample 40 and the electsuiiface 21a is

controlled by the inverse-cone-shaped spacer %% <o fall within an
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appropriate range, the two effects described gatbeninate, and, as a
result, the amount of the chemical substance #watlres the electrode
surface 21a is considered to increase.
[0114] <Modification>

Although a spacer is composed of a plwaitpillar structures in the
above-described examples, the present inventiantiimited to this
configuration. For example, a thin-plate porousdure having a large
number of microscopic pores, such as an agarosengsi be used as a
spacer. The diameters of the microscopic poresmaype fixed. The
porous structure is placed on the flat surface 28aditionally, it is not
required that the spacer as the porous structdoensed throughout the
flat surface 20a. For example, the spacer (postrugture) is unnecessary
in a location sufficiently away from the electrosigerface 21a.
[0115] <Second embodiment of present invention>

Based on the simulation results descrilieave, a second
embodiment of the electrochemical measurement deagcording to the
present invention has the configuration below. efectrochemical
measurement device includes a solution well 6dueapty of wall plates
32 or 33, and a plurality of working electrodes Zlhe plurality of wall
plates 32 or 33 and the plurality of working elecies 21 are all fixed on a
flat surface 20a of the solution well 60. The Batface 20a is a bottom
surface of the solution well 60 which is in contaath a solution in a state
where the solution well 60 contains the solutiod &) for example, a
surface of a semiconductor chip on which an intesgr&ircuit is formed.

A surface of each working electrode 21 which isamtact with the
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solution is an electrode surface 21a. The eleetsadfaces 21a and the
wall plates 32 or 33 are immersed in the solutiarniry measurement.
[0116] <Biological sample and electrode surface>

A biological sample 40 and the electroddeases 21a are the same as
described in the above-described first embodiment.
[0117] <Wall plate and spacer>

Two or more wall plates 32 or 33 are plabetiveen two electrode
surfaces 21a adjacent to each other. The wakpld®2 or 33 have the
property of being impervious to a dissolved substain the solution. The
wall plates 32 or 33 reduce crosstalk.
[0118] The wall plates 32 or 33 need to be shaped sghathan enclosed
three-dimensional region is not formed by the lgadal sample 40, the flat
surface 20a, and the wall plates 32 or 33 whilebtlbéogical sample 40 is
in contact with the wall plates 32 or 33. For exdamthe shape of a
straight line, the shape of a polygonal line, @hape extending curvedly
can be adopted as the shape of each wall plate 32 when the flat
surface 20a is squarely viewed.

Alternatively, the wall plates 32 or 33 niagy arranged at intervals in
a cylindrical shape or the shape of a polygonah&a

Alternatively, a structure in a cylindricgtiape or the shape of a
polygonal frame having one or more slits formedéhecan be adopted as
the wall plate 32 or 33.
[0119] The interval between the wall plates 32 or 38/mot be fixed.
Additionally, it is not required that the wall pést 32 or 33 are formed
throughout the flat surface 20a. For example wh# plate 32 or 33 is
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unnecessary in a location sufficiently away frora glectrode surface 21a.
[0120] A height of h (a length from the flat surface 20a along a normal
to the flat surface 20a) of each wall plate 32 ®has a predetermined
value within a range for a distance z given by ¢gua(4).

[0121] In the second embodiment, the plurality of wadltes 32 or 33
have a function as a spacer. A spacer compos#tgdlurality of wall
plates 32 or 33 has a profile surface at whichsgadice in a perpendicular
direction to the flat surface 20a falls within tfage for the distance z
given by equation (4). The spacer permits thealfesl substance in the
solution to diffuse while inhibiting the biologicahmple 40 from entering
a region on the flat surface 20a side of the peddiirface.

[0122] With the above-described structure, the distdmtween the flat
surface 20a and the biological sample 40 can bghlylkept at h. The
"distance between the flat surface 20a and thegiocdl sample 40" means
a shortest distance between the flat surface 2@dhenbiological sample
40 and is a minimum length of a half line connegtam intersection of the
normal to the flat surface 20a and the flat surfz@a and an intersection of
the normal and the biological sample 40. The reasioy the term
“roughly" is used here is that the distance betwterflat surface 20a and
the biological sample 40 may be strictly less thadepending on the
shape and posture of the biological sample 40.nkwvehis case, the
shapes of the individual biological samples 40srietly different from

one another, and the postures of the individudblical samples 40 are
strictly different from one another, so the aboesaibed effect of

“Improving sensitivity, comparability, and reprodloitity” is not lost from
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a statistical standpoint.
[0123] On the grounds that the distance between #testirface 20a and
the biological sample 40 may be strictly less thgrh, may be a
predetermined value within a range for the distangeven by equation
(4a).
[0124] M may be a constant independent of a position offlabhsurface
20a or a value determined by a function with thsifian on the flat
surface 20a as a variable. Even in the latter,dass a value within the
range for the distance z given by equation (4).
[0125] That is, the height of the wall plate 32 orr@2d not be uniform
over a whole region on the flat surface 20a. F@neple, a region where
the height of the wall plate 32 or 33 is relativedy and a region where
the height of the wall plate 32 or 33 is relativhlgh may be present on
the flat surface 20a. Alternatively, a region whére heights of the wall
plates 32 or 33 change in a stepwise manner maydsent on the flat
surface 20a.
[0126] <Type 1>

In an example shown in Figs. 8A and 8B, twanore wall plates 32
are arrayed on the flat surface 20a in an x dioacat intervals less than
100um. The wall plates 32 extend in a straight lin@ip direction. Two
electrode surfaces 21a are arranged in the x treon the flat surface
20a of a substrate 20, on which an x-y orthogonaltdinate system is
defined.
[0127] For the same reason as that in the case dliaa gliructure, in

actual usage, an electrochemical measurement de&wdag a spacer



10

15

20

-49-

composed of the wall plates 32 that are appropyiaeanged in
accordance with the diameter and shape of the d¢iicdd sample 40 is used.
[0128] In the example in Figs. 8A and 8B, the plusatit wall plates 32
have uniform heights. A height bf each wall plate 32 falls within the
range for z given by equation (4). That is, theghehs satisfies the
equation below.
_21.83(de + 08)
dgy +97
[0129] In the configuration shown in Figs. 8A and 8lBe plurality of

+5 [um]

wall plates 32 have the same function as thatefllarality of pillar
structures 11 shown in Figs. 6A and 6B, that i&jrction as a spacer and
further have the same function as that of the pialle 31 shown in Figs.
6A and 6B, that is, a function as a wall plate whieduces crosstalk.
[0130] Note that although y coordinates of centertheftwo electrode
surfaces 21a match up with each other in the exaumpFigs. 8A and 8B,
the y coordinates of the centers of the two el@drsurfaces 21a need not
match up with each other. That is, a line conmgcthe centers of the two
electrode surfaces 21a and an extension direcfitmeowall plates 32 may
not be orthogonal to each other. In other words,angle which the line
connecting the centers of the two electrode susfda forms with the
extension direction of the wall plates 32 may lrgéa than O degrees and
smaller than 90 degrees.
[0131] <Type 2>

In a configuration shown in Figs. 9A and, @Be plurality of wall

plates 33 have the same function as that of thealiy of pillar structures
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51 shown in Figs. 7A and 7B, that is, a functioraagpacer and further
have the same function as that of the wall platst8iwn in Figs. 7A and
7B, that is, a function as a wall plate which reskicrosstalk.

[0132] The plurality of wall plates 33 are arrayedtba flat surface 20a
in the x direction at intervals less than 100. The wall plates 33 extend
in a straight line in the y direction. See theatggion of the interval
between the wall plates 32 for the interval betwd#enwall plates 33. A
height h of the wall plate 33 at a position away by a diseam from the
center of the electrode surface 21a in the x doadatisfies equation (5).
That is, h = h,. In this example, the heights of the wall pla38sdo not
change in the y direction.

[0133] A cross-section taken perpendicularly to a sa the wall
plates 33 has a parabolic cross-sectional shaperoffle surface of the
wall plates 33 is a groove-like surface which extem the y direction.
One or more electrode surfaces 21a are arranged algroove (a bottom
of an inverse cone).

[0134] Inthe example in Figs. 9A and 9B, y coordisabé centers of the
two electrode surfaces 21a match up with each otfiee y coordinates of
the centers of the two electrode surfaces 21a, henv@eed not match up
with each other. That is, a line connecting thetees of the two electrode
surfaces 21a and an extension direction of the plates 33 may not be
orthogonal to each other. In other words, the anglich the line
connecting the centers of the two electrode susf2da forms with the
extension direction of the wall plates 33 may lrgéa than O degrees and

smaller than 90 degrees. Electrode rows preferfohy an array in which
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the electrode surfaces 21a are also arranged ix divection. There is no
limit to arrangement (y coordinates) of the eledecurfaces 21a in an
electrode row. A configuration in which one elecke row includes only
one electrode surface 21a is also admissible.
[0135] The wall plates 32 and 33 in Figs. 8A and 8@ &igs. 9A and
9B have the property of being impervious to thesdiged substance in the
solution. The wall plates 32 and 33 reduce crdssta
[0136] <Modifications>

Figs. 10 and 11 show modifications of tbafgyurations shown in
Figs. 8A and 8B and Figs. 9A and 9B. In the madifions, each wall
plate extends continuously in a straight line.
[0137] Two wall plates 32 located next to each elarsurface 21a of
the wall plates 32 shown in Fig. 10 have heightgcivichange along a 'y
direction (an extension direction of the wall pa82). In this example,
changes in the heights are noticeable near thérethcsurface 21a, and
there are no changes in the heights except neal¢b&ode surface 21a.
The height of each wall plate 32 is lowest (minijrala point where a
perpendicular line from a center of the electrogidaxe 21a to the wall
plate 32 crosses the wall plate 32 when the fldse 20a is squarely
viewed. Although the height of the wall plate 3tanges smoothly in the
example shown in Fig. 10, the height may changestepwise manner. In
the example shown in Fig. 10, a minimum value ef lleight in one of the
two wall plates 32 located next to the electroddase 21a is almost equal
to a minimum value of the height in the other.

In other words, depressions 32a are foratgdspective upper
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portions of the two wall plates 32 located nexthe electrode surface 21a.
Each depression 32a is located above the pointeva@erpendicular line
from the center of the electrode surface 21a tontak plate 32 crosses the
wall plate 32 when the flat surface 20a is squavetyed.

In the above-described example, the heofjkthe wall plate 32 at a
position where the spherical biological sample glthicontact with the
wall plate 32 while the biological sample 40 is puthe depression 32a is
equal to B described above.
[0138] Similarly, the height of each wall plate 33 amoin Fig. 11
changes along a y direction (an extension direabioite wall plates 33).
In this example, a change in the height of each plate 33 is noticeable
near the electrode surface 21a, and there is mogehia the height except
near the electrode surface 21a. The height of eathplate 33 is lowest
(minimal) at the point where a perpendicular lin@h a center of the
electrode surface 21a to the wall plate 33 awag distance m crosses the
wall plate 33 when the flat surface 20a is squavedywed. Although the
height of the wall plate 33 changes smoothly ingkample shown in Fig.
11, the height may change in a stepwise mannethdm®xample shown in
Fig. 11, a minimum value of the height in one obtwall plates 32 which
are located at positions symmetric with respe¢héocenter of the
electrode surface 21a is almost equal to a minimaliue of the height in
the other.

In other words, a depression 33a is foraiean upper portion of each
wall plate 33. Each depression 33a is located allo® point where a

perpendicular line from the center of the electreddace 21a to the wall
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plate 33 crosses the wall plate 33 when the fledtse 20a is squarely
viewed.

In the above-described example, the heofjkthe wall plate 33 at a
position where the spherical biological sample glthicontact with the
wall plate 33 away by the distance m from the ceateéhe electrode
surface 21a while the biological sample 40 is puhie depression 33a is
equal to i described above.

[0139] The depressions 32a and 33a are useful fotiposig of a
biological sample in the y direction.

[0140] The depressions 32a are provided at one pauatfplates 32,
which is adjacent to the electrode surface 2labemt@een which the
electrode surface 21a is sandwiched, in Fig. 10eathie depressions 33a
are provided at all the wall plates 33 in Fig. Ihe amounts of depression
of the depressions 32a and 33a are set within eawdere the heightsh
and h are achieved.

[0141] In modifications as well, in which depressi@me formed at wall
plates, y coordinates of centers of two electradéses 21a need not
match up with each other, as in the example in.FBdsand 8B.
Alternatively, the depression 32a may be formed atlthe wall plate 32
closest or second closest to a center of eachretecsurface 21a (either
one if two wall plates 32 are present at positiegsally distant from the
center of the electrode surface 21a). If the pwhite 32 is located above
the electrode surface 21a, the depression 32@asdd above the electrode
surface 21a. The depression 32a may be formen @aper portion of

each of three or more wall plates 32 near the mldetsurface 21a.
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[0142] In the example shown in Fig. 11, letting L beeater-to-center
distance between two adjacent electrode surfacesvkich are closest, the
depression 33a is formed at an upper portion ofxhk plate 33 at a
position away by the distance m from a center efdlectrode surface 21a,
where m satisfies 0 < mL/2. However, since a maximum diameter of the
biological sample 40 is 60@m, a structure in which the depression 33a is
formed at an upper portion of the wall plate 33 wwg the distance m, not
less than 0 and not more than 308, from the center of the electrode
surface 21a may be adopted.

[0143] Thatis, the depression 33a is formed at athefwall plates 33,
widths of which are wholly included in a line segrheonnecting a first

end point and a second end point located on twessid each electrode
surface. Note that the line segment connectinditeeend point and the
second end point is parallel to the x directiorne Tirst end point and the
second end point are each a closer one of a pohuM away from a
center of the electrode surface and a midpoinhefadjacent electrode
rows. Note that, if the former point and the lafteint match up with each
other, the first end point or the second end pisiatt the matching points.
[0144] Fig. 11 represents a form in a case where getion distances
from two electrode rows illustrated (the electretefaces 21a) to a
midpoint of the two electrode rows are less thad 3@ and no other
electrode row is present outside the two electroaes illustrated (the
electrode surfaces 21a) in the above-describedgumation. Note that
since a width of the highest wall plate 33 thdbsated right on the

midpoint of the two electrode surfaces 21a doedalbtvholly within
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ranges for the left and right electrode rows, daahing the first and
second end points as two ends, the depression 8ganat be formed at the
wall plate 33 or may be formed as in the illustdagxample.

[0145] Alternatively, the depression 33a may be forrakdt least one
wall plate 33 among the wall plates 33, widths diah fall at least partly
within an x-direction range between first and secend points, instead of
providing the depressions 33a at all of the wadkgd 33 falling within the
range between the first and second end points.

[0146] With a depression formed at an upper portioa wofall plate, a
biological sample can be positioned in the y dimatt That is, the
biological sample 40 can be located almost immetifadbove each
electrode surface 21a. If the wall plate 33 isated above the electrode
surface 21a, the depression 33a is located abavel#ttrode surface 21a.
[0147] Fig. 12 shows another modification of the cgafation shown in
Figs. 8A and 8B. In the modification, each waltgl 32 extends
continuously.

The interval between two wall plates 32 locatexitne each
electrode surface 21a of the wall plates 32 showig. 12 changes along
a y direction (an extension direction of the wadtps 32). In this example,
a change in interval is noticeable near the eldetsurface 21a, and there
iIs no change in interval except near the electsadéace 21a. For this
reason, an extension direction of portions with@eghange in interval (that
IS, portions except near the electrode surface Bl@garded as an
extension direction of a wall plate. The interbatween the wall plates 32

is widest (maximal) at a point where a line extagdirom a center of the
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electrode surface 21a and orthogonal to the exdardirection of the wall
plates 32 crosses the wall plate 32 when the fldase 20a is squarely
viewed. Although the interval between the walltpta32 changes
smoothly in the example shown in Fig. 12, the w&émay change in a
stepwise manner.

In other words, a recess 32b which extendswall-plate height
direction (that is, a normal direction of the ffatrface 20a) is formed at
each of the two wall plates 32 located next todleetrode surface 21a.
The recess 32b has a portion which opens towarddahter of the
electrode surface 21a when the flat surface 28qusarely viewed.

With widening of a wall plate interval, ®lmgical sample can be
positioned.

[0148] In the example in Fig. 12, y coordinates ofteemof the two
electrode surfaces 21a match up with each othemveder, the y
coordinates of the centers of the two electrodéases 21a need not match
up with each other. That is, a line connectingdéeters of the two
electrode surfaces 21a may not be orthogonal texkension direction of
the wall plates 32. In other words, the angle Wwhiwe line connecting the
centers of the two electrode surfaces 21a formis thi¢ extension direction
of the wall plates 32 may be larger than 0 degeewssmaller than 90
degrees.

[0149] Unlike the example in Fig. 12, the recess 32y ime formed only
at one wall plate. The one wall plate in this casgy be a wall plate
second closest to the center of the electrode seii2da.

[0150] The shape of each recess when the flat su#f@aeas squarely
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viewed may be the shape of a polygonal line orstepe of a curved line.
[0151] Fig. 13 shows an example in which the electrsauléaces 21a are
arrayed in a lattice pattern. A plurality of elexte rows 22 are arranged
in an x direction, thereby arraying a large numtseelectrode surfaces 21a.
In each electrode row 22, a plurality of electredefaces 21a are arranged
in a y direction. In this configuration, wall pést 34 which reduce
crosstalk, for example, each extend in the y dioedbetween adjacent
ones of the electrode rows 22. In this case, tfeetof reducing crosstalk
in the x direction is achieved. Even if the wdhltes 34 are placed in this
manner, a dissolved substance is not blocked frdfiorsthg in a direction
parallel to the wall plates 34 (the y directionyeauction in the amount of
the dissolved substance supplied is small. A spaceot shown in Fig. 13.
[0152] In the configuration shown in Fig. 13, the sgracot shown is the
pillar structures 11 or 51 shown in Figs. 6A andd@B-igs. 7A and 7B, a
porous structure, or the like.

In the configuration shown in Fig. 13, the spacetr shown may be
the plurality of wall plates 32 or 33 shown in afeFigs. 8 to 12 that have
a function as a spacer. In other words, in antedebemical measurement
device having the configuration shown in one ofsFig to 12, the wall
plate 34 (a partition plate) having a height abtheeheights of the wall
plates 32 and 33 may be additionally placed. Téight of the wall plate
34 may be above a range for the heighohh, of the wall plate 32 or 33.

If the height of the wall plate 34 is sufficientlygh, most of the effect of
reducing crosstalk is achieved by the wall plate B4 spacer is

composed of a plurality of wall plates, a breakegfyoobust
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electrochemical measurement device can be impleadent
[0153] <Specific example>

The above-described effects are expectée tachieved as long as the
condition that "a chemical substance generatedosumed in a biological
sample itself is electrochemically active or isvsBbrmed to another
chemical substance that is electrochemically atiwesatisfied. The type
of a biological sample, a reaction mechanism bycWla chemical
substance to be detected is generated or consumibd biological sample,
a working electrode, a substrate on which the waylglectrode is formed,
and the like are not particularly limited. For exae, the configurations
below are conceivable.
[0154] <Biological sample>

An embryoid body which was produced fromus® ES cells was
selected as a biological sample for the simulatiddewever, the
biological sample may be a cell aggregate, a siogle a piece of tissue, a
microorganism, a non-biological sample containifgaogically-relevant
substance, or the like.
[0155] <Reaction mechanism by which chemical substagenerated
or consumed in biological sample>

An ALP enzymatic reaction on a model sanvpées selected as a
reaction mechanism for the simulations. HoweMss, reaction mechanism
may be an enzymatic reaction of protein, peptid¢ARor the like or a
catalytic reaction with a platinum thin film, aartium oxide thin film, or
the like on a biological sample.

[0156] If a biological sample is cells or the likeglaemical substance
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may be a substance generated or consumed throuiglhuyanetabolic
pathways or signaling pathways in cells. For exi@mjhe chemical
substance may be protons released in a metabdhavpg in a glycolytic
system or dopamine released from neuron cells.
[0157] <Working electrode>

The material for a working electrode was swecified in the
simulations. Any material, such as a noble mdtal€xample, gold or
platinum), an inorganic substance predominantly posed of carbon (for
example, graphite, diamond doped with an impuotya carbon nanotube),
or a conductive polymer (for example, polypyrrglelyaniline, or
polythiophene), may be used as the material fomibeking electrode as
long as the material can be used for a workingtedde for
electrochemical measurement.
[0158] The shape of an electrode surface of the wgrkiectrode is, for
example, circular, elliptical, polygonal, or th&di
[0159] <Substrate>

The material for a substrate was not spegtih the simulations. Any
material, such as quartz, glass, silicon, or cecamay be used as the
material for the substrate as long as the mateaalbe used for a working
electrode support for electrochemical measurement.
[0160] <Specific example of spacer fabrication method>

In order to achieve the above-describedot$f a spacer is desirably
fabricated by a method capable of controlling teeyht of the spacer on
the order ofum. The spacer has a solution-permeable strudtuaejs, a

structure which permits a dissolved substancedsalation to diffuse.
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Additionally, if the spacer is to come into contadth an electrode, the
spacer needs to have electrical insulation. Ag lasmthese conditions are
satisfied, there is no limit to a fabrication meadhfor the spacer and the
material for the spacer. Preferable spacer faboicanethods and
preferable materials for the spacer will be illas&d below.

[0161] <Fabrication example 1 of spacer composed wfafity of pillar
structures>

1) A silicon nitride film is formed on alsstrate by chemical vapor
deposition (CVD). The thickness of the siliconrigié film on the substrate
Is uniform.

2) An etching protective layer is pattermagdthe silicon nitride film
by photolithography.

3) The silicon nitride film in a region novated with the etching
protective layer is etched by reactive ion etchthgreby forming pillar
structures.

4) The etching protective layer is removed.

[0162] The material for the insulating film (the ma&tfor the pillar
structures) is not limited to silicon nitride anéynbe, for example, silicon
oxide, titanium oxide, or the like.

[0163] The film formation method is not limited to CVdhd may be a
vacuum film formation method, such as sputteringwaporation, spin-on
glass, or the like.

[0164] The patterning method for the etching protextayer is not
limited to photolithography and may be screen pmmptink-jet printing, or
the like.
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[0165] The etching method is not limited to reactioe etching and may
be plasma etching, sputter etching, ion beam egclinwet etching.
[0166] < Fabrication example 2 of spacer composedwhjty of pillar
structures>

1) An LSI having a current sensing elemesrdoated with
photosensitive resin by spin coating. The cursamsing element includes
at least a working electrode.

2) Pillar structures are fabricated by miittography.
[0167] The photosensitive resin may be any insulasind photosensitive
resin as long as the resin is used in common pitledgiraphy. A
photosensitive resin necessary for achievemengsilution required to
fabricate a spacer having an accurate diameteaaratcurate height is
desirably selected. An epoxy chemically-amplif@tbtosensitive resin
which is used as a negative permanent resist fenafge from the
standpoint of the chemical stability of the pilkructures.

[0168] Any coating method may be used as long asdhé&rg method
can control a film thickness on the ordenumn. In view of high film-
thickness controllability, the coating method ig hmited to spin coating
and may be spray coating, dip coating, screenmgatoll coating, or the
like.

[0169] <Fabrication example of spacer as porous siraet

1) After an agarose solution diluted withter is prepared, the
agarose solution diluted with water is heated ttC30r more and is
changed to a sol.

2) The agarose aqueous solution is dronéal a substrate at 80°C,
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and a thin film is formed by spin coating. Duritige process, the
temperature of the substrate is constantly keBOat or more.

3) The substrate is left and cooled tortheam temperature to acquire
a porous spacer made of agarose gel.
[0170] Any sol may be used as the sol to be dropp¢adl thre substrate as
long as the sol changes to a porous gel afterrmgati he heating
temperature is appropriately set depending onyipe of the sol. In view
of ease of preparation and high biocompatibilityaise, polyvinyl
alcohol, cellulose, or the like is preferable.
[0171] Any method may be used as the coating methdongsas the
method can control a film thickness on the ordemmofand has a
mechanism for keeping the temperature of the so$t@mt during the
coating process. In view of high film-thicknesshtwllability, the coating
method is not limited to spin coating and may begroating, dip coating,
screen coating, roll coating, or the like.
[0172] <Others>

A spacer composed of pillar structures loariabricated by molding
(nanoimprinting (nanoimprint lithography) or insenblding), printing (for
example, screen printing or ink-jet printing), machg, or the like.

A spacer which is a porous structure cao &k fabricated by placing
a pre-shaped porous body, such as porous siliaandgrocellulose
membrane, on a substrate.
[0173] <Specific example of wall plate fabrication med>

If wall plates have a function as a spaem the examples shown in

Figs. 8 and 9, the wall plates are desirably fated by a method capable
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of controlling a wall plate height on the orderpoh. If a wall plate is
fabricated in contact with an electrode, the wédk® needs to have
electrical insulation. In these respects, the samathod as a fabrication
method for a spacer composed of pillar structuesshe adopted as a wall
plate fabrication method. The same material asftraa spacer composed
of pillar structures can be adopted as the mat&orad wall plate.
[0174] <Specifications of spacer composed of pillancures>

If a spacer is composed of a plurality iap structures, an interval
for and the shapes of the pillar structures arerdaned in the manner
below.
[0175] <Interval between pillar structures>

The interval between pillar structurespppriately set in
accordance with the diameter of a biological sampreterms of achieving
higher sensitivity, that is, minimizing blocking diffusion of a dissolved
substance around a biological sample by pillarcstmes, a wider interval
iIs more preferable for the pillar structures.
[0176] The intervals between pillar structures needoeouniform.
There may be a region where pillar structures aresdly present and a
region where pillar structures are sparsely presetitere may be a region
where no pillar structures are present.
[0177] For example, a structure in which no pillausture is formed
only in a region immediately above an electroddam# and a biological
sample is held only by pillar structures aroundehextrode surface
effectively prevents blocking of diffusion of a d@ved substance

immediately below the biological sample and achselvigher sensitivity.
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[0178] <Diameter of pillar structure>

The diameter of each pillar structure rgéaenough to secure
strength that allows holding of a biological samaleay from an electrode
surface. Note that a smaller diameter is moregpadiie for pillar
structures in terms of achieving higher sensitivibat is, minimizing
blocking of diffusion of a dissolved substance arba biological sample
by the pillar structures.
[0179] <Upper surface shape of pillar structure>

There are no restrictions on the shapenaff@er surface of a pillar
structure. The shape of the upper surface of ilker gtructure may be
circular or polygonal (for example, triangular aragirangular).
[0180] In a pillar structure, the shape of an uppefasie and that of a
lower surface need not be identical. The are@®iupper surface and that
of the lower surface need not be identical in thi@mpstructure. For
example, the area of the upper surface may betioteally reduced (that is,
a tapered pillar structure may be formed) by chag@tching conditions
for an insulating layer at the time of pillar sttuie creation.
[0181] If a biological sample is cells, a piece oftis, or the like, a
tapered pillar structure can reduce a contact anelaadhesivity between
the biological sample and pillar structures. Téygetred pillar structure
reduces force needed to peel the biological saaipllee time of removal
of the biological sample after measurement, whesults in reduction of
damage to the biological sample.
[0182] <Specifications of wall plate functioning asaspr>

If a spacer is composed of a plurality @livplates, an interval for
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and the shapes of the wall plates are determinéueimanner below.
[0183] <Interval between wall plates>

The interval between wall plates is appiatety set in accordance
with the diameter of a biological sample. In termhs@chieving higher
sensitivity, that is, minimizing blocking of diffumn of a dissolved
substance around a biological sample by wall pJatesgider interval is
more preferable for the wall plates.
[0184] For example, no wall plate is formed in a regimmediately
above an electrode surface, and the electrodecaurdasandwiched
between wall plates. This effectively preventsckiag of diffusion of a
dissolved substance immediately below a biologseathple and allows
effective reduction of crosstalk.
[0185] <Thickness of wall plate>

The thickness of each wall plate is largeugh to secure strength
that allows holding of a biological sample awaynfran electrode surface.
[0186] <Shape of wall plate>

The shape of an upper surface and thatl@ivar surface in a wall
plate need not be identical. The area of the uppdace and that of the
lower surface in the wall plate need not be ideitid~or example, the area
of the upper surface may be intentionally redudbdst(is, a tapered wall
plate may be formed) by changing etching conditifmmsan insulating
layer at the time of wall plate creation.
[0187] If a biological sample is cells, a piece oftis, or the like, a
tapered wall plate can reduce a contact area amelsadty between the

biological sample and wall plates. The tapered plakte reduces force
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needed to peel the biological sample at the timewfoval of the
biological sample after measurement, which resolteduction of damage
to the biological sample.
[0188] <Transducer>

An example of a specific configuration afransducer according to
the present invention will next be described waference to Figs. 14 and
15. The transducer is used for electrochemicalsoneament of a chemical
substance generated or consumed in a biologicgblgam
[0189] The transducer is configured such that a smhuivell 60 is
mounted on an LSI chip 70. The solution well 6@teins a solution 61
and a biological sample which is immersed in thHetsan 61. A hole 62 is
formed at the center of the solution well 60. T!& chip 70 is arranged at
a lower end of the hole 62. The hole 62 is clasgthe LSI chip 70.
[0190] The LSI chip 70 and the solution well 60 arefl on a substrate
80. A pattern 81 of many conductors for connectatin an external
device which controls the transducer is formedhendubstrate 80.
Reference numeral 90 in Fig. 14B indicates bonavirgs which
interconnect the LSI chip 70 and the pattern 8darfductors.
[0191] A sensor region 71 is formed on an upper sertdahe LSI chip
70. In Fig. 14A, the sensor region 71 is indicabgchatching. The sensor
region 71 is located in the hole 62 at a bottonfiemér of the solution well
60. Although not shown, a plurality of electroqesrking electrodes) are
formed in the sensor region 71 in this example, asgacer composed of
pillar structures is also formed in the sensoraadil. A wall plate is

formed between adjacent ones of the working eldetso The LSI chip 70
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has a function of applying a voltage to the workelgctrodes, a function
of detecting a reaction at each working electragla aurrent value and
amplifying the current value, and the like. Thasg and the wall plate
are as described earlier.

[0192] As described above, a biological sample is alayag desirable
distance from a flat surface with an electrodeatafarranged thereon by a
spacer or a plurality of wall plates. Thus, a ehdemensional region,
through which a dissolved substance in a solutemdiffuse, is secured,
and a sufficient amount of the dissolved substasseipplied to the
biological sample.

[0193] According to the present invention, the amaafre chemical
substance to be detected by a working electrodeases, and
measurement sensitivity is higher than conventietattrochemical
measurement that performs measurement with a bealbgample located
close to an electrode surface.

[0194] A perpendicular distance between a workingtetele and a
biological sample may vary depending on the shaygesarface state of the
biological sample. However, placing a biologicahgle at a desirable
distance from an electrode surface allows reduatifathe influence of
differences in a diffusion distance of a chemiedlstance which are
associated with differences in a perpendicularatist between a working
electrode and the biological sample, which makesparability and
reproducibility of measurement higher than convamdi electrochemical
measurement.

[0195] According to the present invention, a wall plathich is formed
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between adjacent electrode surfaces and is impes\ma dissolved
substance in a solution reduces sensing crossgdlkelen electrode
surfaces due to diffusion of a chemical substandeetdetected in the
solution.
[0196] For example, in the case of simultaneous evialaf a plurality
of biological samples, the influence of a distaaninple on a current value
at each working electrode can be prevented. Thpgaves the
guantitativity of biological sample evaluation.n8eé the interval between
electrode surfaces can be narrowed, the cost aftisatbs can be reduced.
[0197] An electrochemical measurement device andresthacer
according to the present invention will be desatiem a different
standpoint in the manner below. Note that theofelhg description does
not conflict with the disclosed matters describedhe "MEANS TO
SOLVE THE PROBLEMS" and that the following descrget and the
"MEANS TO SOLVE THE PROBLEMS" can refer to each eth
[0198] - ltem 1

An electrochemical measurement device feasnring a chemical
substance generated or consumed in a biologicgbleaima solution,
including:

a solution well for containing the solutiand the biological sample;

two or more electrode surfaces, each okthetrode surfaces being a
surface of an electrode which is in contact wité solution while the
solution well contains the solution, and an oxidatreduction reaction
progressing between each electrode surface anth#raical substance;

a spacer; and
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at least one wall plate, wherein

the two or more electrode surfaces, theapand the at least one
wall plate are arranged on a bottom surface oftietion well,

a diametergof each of the two or more electrode surface®ts n
more than 8@um,

a height of the spacer has a predetermrakee within a range for h

given by equation (cl):

21.8(d.+0.8)
h= el +5 [um al
0+ 97 [um] (c)

the spacer has a structure in which anosed three-dimensional

region is not formed by the biological sample, bloétom surface, and the
spacer while the biological sample is in contadhvihe spacer,

the at least one wall plate has a propeftyeing impervious to a
dissolved substance in the solution,

the at least one wall plate has a heightess than the height of the
spacer, and

at least two electrode surfaces of the dwmore electrode surfaces
are separated by the at least one wall plate.
[0199] - Item 2

An electrochemical measurement device feasuring a chemical
substance generated or consumed in a biologicgbleaim a solution,
including:

a solution well for containing the solutiand the biological sample;

two or more electrode surfaces, each oktthetrode surfaces being a

surface of an electrode which is in contact with slolution while the
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solution well contains the solution, and an oxidatreduction reaction
progressing between each electrode surface anch#raical substance;

a spacer; and

at least one wall plate, wherein

the two or more electrode surfaces, theapand the at least one
wall plate are arranged on a bottom surface ofstietion well,

a diameterfof each of the two or more electrode surface®ts n
more than 8@um,

a height of the spacer at a position astadce m, which is a distance
in a direction parallel to the bottom surface fraroenter of one electrode
surface of the two or more electrode surfaces, filoencenter of the one
electrode surface has a predetermined value watliange for h given by

equation (c2):

h=,/ (LO5dg + 689m - 048, — 238+5 [um] (c2)

where 0 < nx L/2 and h > 0 hold, L being a distance betweencemger of
the one electrode surface and a center of a diftexkectrode surface of the
two or more electrode surfaces which is closeshéoone electrode surface,

the spacer has a structure in which anosed three-dimensional
region is not formed by the biological sample, blodtom surface, and the
spacer while the biological sample is in contadhwvihe spacer,

the at least one wall plate has a propeftyeing impervious to a
dissolved substance in the solution,

the at least one wall plate has a heightess than the height of the

spacer, and
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at least two electrode surfaces of the twmore electrode surfaces
are separated by the at least one wall plate.
[0200] - Item 3

In the electrochemical measurement devioem@ing to item 1 or
item 2,

the two or more electrode surfaces inclilmtee or more electrode
surfaces,

the at least one wall plate includes twonore wall plates,

at least two electrode surfaces of theglmemore electrode surfaces
are arranged in at least one of at least one oe portions, the at least one
or more portions being at least one or more postiminthe bottom surface
which are located between adjacent two of the twmore wall plates or at
least one or more portions of the bottom surfacelwvhre located between
one wall plate of the two or more wall plates arsice wall of the solution
well.
[0201] - Item 4

In the electrochemical measurement dewoeming to any one of
item 1 to item 3,

the spacer is composed of pillar structuassl

each of pillar structures extends in a radrdirection of the flat
surface.
[0202] - Item 5

In the electrochemical measurement dewiceming to any one of
item 1 to item 3,

the spacer is a porous structure.
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[0203] - Item 6

An electrochemical measurement device feasnring a chemical
substance generated or consumed in a biologicgbleaima solution,
including:

a solution well for containing the solutiand the biological sample;

two or more electrode surfaces, each oktthetrode surfaces being a
surface of an electrode which is in contact wité solution while the
solution well contains the solution, and an oxidatreduction reaction
progressing between each electrode surface anch#maical substance;
and

two or more wall plates, wherein

the two or more electrode surfaces andwaeor more wall plates are
arranged on a bottom surface of the solution well,

a diameterfof each of the two or more electrode surface®ts n
more than 8@um,

respective heights of the two or more vp#dites have predetermined
values within a range for h given by equation (c3):
h= 21.8(dg +0.8)

de| + 9.7

a structure of each of the two or more wédktes does not form an

=5 [um] (c3)

enclosed three-dimensional region together withbilbéogical sample and
the bottom surface , being in contact with the cogodal sample,

the two or more wall plates each have gerty of being impervious
to a dissolved substance in the solution, and

at least two electrode surfaces of the ctwmore electrode surfaces
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are separated by at least one wall pate of theotwnore wall plates.
[0204] - Item 7

An electrochemical measurement device feasnring a chemical
substance generated or consumed in a biologicgbleaima solution,
including:

a solution well for containing the solutiand the biological sample;

two or more electrode surfaces, each okthetrode surfaces being a
surface of an electrode which is in contact wité solution while the
solution well contains the solution, and an oxidatreduction reaction
progressing between each electrode surface anth#raical substance;
and

two or more wall plates, wherein

the two or more electrode surfaces andwleor more wall plates are
arranged on a bottom surface of the solution well,

a diameterfof each of the two or more electrode surface®ts n
more than 8Gum,

a height of one wall plate at a positiomalistance m, which is a
distance in a direction parallel to the bottom aaef from a center of one
electrode surface of the two or more electrodeasd, from the center of
the one electrode surface of the two or more wallgs has a

predetermined value within a range for h given Qyation (c4):

h=./ (05, + 689m - 048d, — 238+5 [um]  (c4)

where 0 < nx L/2 and h > 0 hold, L being a distance betweenctmger of

the one electrode surface and a center of a diffexlectrode surface of the
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two or more electrode surfaces which is closeshéoone electrode
surface ,

a structure of each of the two or more wédktes does not form an
enclosed three-dimensional region together withbilbéogical sample and
the bottom surface , being in contact with the cogotal sample,

the two or more wall plates each have gerty of being impervious
to a dissolved substance in the solution, and

at least two electrode surfaces of the twmore electrode surfaces
are separated by at least one wall plate of theamwmore wall plates.
[0205] - Item 8

In the electrochemical measurement deviocem@ing to item 6 or
item 7,

a depression is formed at an upper powioat least one of two wall
plates of the two or more wall plates, the depesbieing located next to
one electrode surface of the two or more electsadéaces when the
bottom surface is squarely viewed, the two waltgdabeing located on
two sides of the one electrode surface.

[0206] - Item 9

In the electrochemical measurement dewoeming to any one of
item 6 to item 8,

a recess which increases an interval betviwwe wall plates of the
two or more wall plates is formed at at least ohthe two wall plates, the
recess being located next to one electrode sudfattes two or more
electrode surfaces when the bottom surface is syuarewed and

extending in a normal direction of the bottom saefathe two wall plates
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being located on two sides of the one electrod&asar
[0207] - Item 10

The electrochemical measurement devicerdoup to any one of
item 6 to item 9, including

a partition plate which is a wall plate hmaya height more than a
maximum value for the heights of the two or mordl\phates, wherein

the partition plate has a property of bamgervious to the dissolved
substance in the solution, and

at least two electrode surfaces of the twmore electrode surfaces
are separated by the partition plate.
[0208] - Item 11

A transducer including:

an electrochemical measurement device doogito any one of item
1 to item 10; and

an integrated circuit, wherein

the bottom surface of the solution welhisurface of the integrated

circuit.
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WHAT IS CLAIMED IS:

1. An electrochemical measurement devaraprising a plurality of
working electrodes, each of the plurality of worgielectrodes including
an electrode surface supplying or receiving eledro or from a chemical
substance generated or consumed in a biologicgbleaima solution to
cause an oxidation-reduction reaction, wherein

all of the electrode surfaces have diaméit@ensions g not more
than 80um and are arrayed on one flat surface,

a spacer is provided in a solution welltaomng the solution and the
biological sample, the spacer having a profile acefat a distance in a
direction perpendicular to the one flat surface, distance hsatisfying
h; = 21.8(q,+0.8)/(d;+9. 715 [um],
the spacer inhibiting the biological sample frontegimg a region on a side
with the one flat surface of the profile surfacel ailowing a dissolved
substance in the solution to diffuse, and

a wall plate is provided between the twactlode surfaces adjacent to
each other, the wall plate extending to cross @ dionnecting centers of
the two electrode surfaces, having a height nattlean a height of the
spacer from the one flat surface, and being impeivto the dissolved

substance in the solution.

2. An electrochemical measurement devaraprising a plurality of
working electrodes, each of the plurality of wordkielectrodes including
an electrode surface supplying or receiving eledro or from a chemical

substance generated or consumed in a biologicgbleaima solution to
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cause an oxidation-reduction reaction, wherein

all of the electrode surfaces have diaméit@ensions g not more
than 80um and are arrayed on one flat surface,

a spacer is provided in a solution wellteomng the solution and the
biological sample, the spacer having an inverseeegimaped profile
surface at a distance im a direction perpendicular to the one flat soefa
the distance hbeing dependent on a distance m in a directioalighto
the one flat surface from a center of the closkstteode surface and
satisfying
h, =v{(1.05d.+6.89)m}-0.48d;-2.38t5 [um],
the spacer inhibiting the biological sample frontegimg a region on a side
with the one flat surface of the profile surfacel allowing a dissolved
substance in the solution to diffuse, and

a wall plate is provided between the twectlode surfaces adjacent to
each other, the wall plate extending to cross @ dionnecting centers of
the two electrode surfaces, having a height nat tlean a maximum height
of the spacer from the one flat surface, and bemgervious to the

dissolved substance in the solution.

3. The electrochemical measurement destcerding to Claim 1 or
2, wherein

the electrode surfaces are arrayed in guomation in which a
plurality of electrode rows are arranged in a sectinection orthogonal to
a first direction, each of the plurality of elederows having the plurality

of the electrode surfaces which are arranged tnaggét line in the first
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direction, and
the wall plate is provided to extend in thist direction between the

electrode rows adjacent to each other.

4. The electrochemical measurement deatoerding to any one of
Claims 1 to 3, wherein

the spacer is composed of a group of pdtewctures which extend in
the direction perpendicular to the one flat surfand stand at intervals less

than 100um.

5. The electrochemical measurement deatoerding to any one of
Claims 1 to 3, wherein
the spacer is composed of a porous stredtaving a pore diameter

less than 10Qum.

6. An electrochemical measurement devaraprising a plurality of
working electrodes, each of the plurality of wordkielectrodes including
an electrode surface supplying or receiving eledro or from a chemical
substance generated or consumed in a biologicgbleaima solution to
cause an oxidation-reduction reaction, wherein

all of the electrode surfaces have diaméit@ensions g not more
than 80um and are arrayed on one flat surface, on whichoxtyogonal
coordinates are defined, such that x coordinatesofers of the at least
two electrode surfaces are different from each tued

a plurality of wall plates are providedite arrayed at intervals less
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than 100um in an x direction on the one flat surface whée ¢lectrode
surfaces are arrayed, each of the plurality of whltes extending in a'y
direction, having a heighglsatisfying

hs = 21.8(d+0.8)/(c+9.7 )5 [um],

and being impervious to a dissolved substancearstiution.

7. The electrochemical measurement deatoerding to Claim 6,
wherein

the height hof at least one of two of the wall plates, disesin the
x direction of which from a center of one of the&lrode surfaces are
smallest and second smallest, changes along tivegtidn so as to be
minimal at a y coordinate equal to a y coordindtthe center of the

electrode surface.

8. The electrochemical measurement deatoerding to Claim 6,
wherein

the heights4of two of the wall plates which extend on two aute
sides of one of the electrode surfaces and ardi@lai@aeach other without
a different one of the wall plates sandwiched betw#he two wall plates
change along the y direction so as to be minimgl@iordinates equal to a

y coordinate of a center of the electrode surface.

9. The electrochemical measurement deatoerding to Claim 6,
wherein

an x coordinate of at least one of twoh# wall plates, distances in
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the x direction of which from a center of one of #flectrode surfaces are
smallest and second smallest, changes locally gluag direction such
that the distance in the x direction from the cewnfehe electrode surface
IS maximal at a y coordinate equal to a y coordiridtthe center of the

electrode surface.

10. The electrochemical measurement deatcerding to Claim 6,
wherein

an x coordinate of a first wall plate whishone of the wall plates, a
distance in the x direction of which from a cerdéone of the electrode
surfaces is smallest, changes locally along theection such that the
distance in the x direction from the center of ¢éhectrode surface is
maximal at a y coordinate equal to a y coordindtine center of the
electrode surface, and an x coordinate of a sew@tidplate which is a
different one of the wall plates which is adjactnthe first wall plate
across the center of the electrode surface chdongaby along the y
direction such that a distance in the x directi@mmf the center of the
electrode surface is maximal at a y coordinate lefuthe y coordinate of

the center of the electrode surface.

11. The electrochemical measurement deatcerding to any one of
Claims 6 to 10, wherein

a tall wall plate is further provided beemeat least one combination
of two x-direction adjacent electrode surfaceshezcthe at least one

combination of the two x-direction adjacent eledegsurfaces being a
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combination of two of the electrode surfaces, xrdowates of centers of
the two electrode surfaces being different fromheather, a different one
of the electrode surfaces which has an x coordimaéemediate between
the x coordinates being not present, the tall whte extending in the y
direction to cross a line segment connecting cerdéthe two electrode
surfaces over a whole of a width of the tall waéltp, having a height more
than the heights of the wall plates, and being iwipa&s to the dissolved

substance in the solution.

12. An electrochemical measurement devaraprising a plurality of
working electrodes, each of the plurality of wordkielectrodes including
an electrode surface supplying or receiving eledro or from a chemical
substance generated or consumed in a biologicablgaim a solution to
cause an oxidation-reduction reaction, wherein

all of the electrode surfaces have diaméit@ensions g not more
than 80um and are arrayed on one flat surface, on whichoxtyogonal
coordinates are defined, in a configuration in vianacplurality of electrode
rows are arranged in an x direction, each of thegbity of electrode rows
having one or more of the electrode surfaces wareharranged in a y
direction such that x coordinates of centers obathe one or more
electrode surfaces match up, and

a plurality of wall plates are providedite arrayed at intervals less
than 100um in the x direction on the one flat surface whitie electrode

surfaces are arrayed, the plurality of wall plaggtending in the y

direction, having heights;hand being impervious to a dissolved substance
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in the solution, the heights, being dependent on a distance m in the x
direction from a center of one of the electroddatas which belongs to
the electrode row that is closest in the x diratod satisfying

hs = V{(1.050,+6.89)m}-0.48d;-2.38t5 [um]

and changing gradually.

13. The electrochemical measurement deaicerding to Claim 12,
wherein

the height hof at least one of one or more of the wall plaidsch
each extend to cross a line segment connectingtaefnd point and a
second end point over a whole or part of a widtkthefwall plate changes
along the y direction so as to be minimal at agrdmate equal to a 'y
coordinate of a center of one of the electrodeaad, the first end point
being not a relatively farther one of a point 306 away in one direction
of the x direction from the center of the electratdeface and a point at a
distance which is one-half of a distance to anordmate of a center of the
electrode surface which belongs to the electrodethat is adjacent in the
one direction, the second end point being not aixadly farther one of a
point 300um away in the other direction of the x directioarfr the center
of the electrode surface and a point at a distariteh is one-half of a
distance to an x coordinate of a center of thetedde surface which

belongs to the electrode row that is adjacent enatiner direction.

14. The electrochemical measurement deatcerding to Claim 13,

wherein
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the heights4of all of one or more of the wall plates which lkeac
extend to cross the line segment over the whotb@fwvidths of the wall
plates change along the y direction so as to benmainat y coordinates

equal to the y coordinate of the center of thetedele surface.

15. The electrochemical measurement deatcerding to any one of
Claims 12 to 14, wherein

a tall wall plate is further provided betmeat least one combination
of the electrode rows which are adjacent to eabkran the x direction,
the tall wall plate extending in the y directionaat x coordinate
intermediate between x coordinates of centers @ktbctrode surfaces
which belong to the two electrode rows, having igltemore than a
maximum height of the wall plates, and being impausg to the dissolved

substance in the solution.

16. Atransducer in which a solution wedpable of containing a
solution and a biological sample immersed in tHatgmn is mounted on an
LSI chip, and a plurality of working electrodestleach include an
electrode surface supplying or receiving electrimnsr from a chemical
substance generated or consumed in the biologawapke in the solution to
cause an oxidation-reduction reaction are provaedthe LSI chip,
wherein

all of the electrode surfaces have diamet®ensions g not more
than 80um and are arrayed on one flat surface,

a spacer is provided in the solution wilé spacer having a profile
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surface at a distance im a direction perpendicular to the one flat scefa
the distance hsatisfying
h; = 21.8(d+0.8)/(d,+9.7 x5 [um],
the spacer inhibiting the biological sample frontegimg a region on a side
with the one flat surface of the profile surfacel allowing a dissolved
substance in the solution to diffuse, and

a wall plate is provided between the twectlode surfaces adjacent to
each other, the wall plate extending to cross @ dionnecting centers of
the two electrode surfaces, having a height nat flean a height of the
spacer from the one flat surface, and being impeivto the dissolved

substance in the solution.

17. Atransducer in which a solution wedpable of containing a
solution and a biological sample immersed in tHatgmn is mounted on an
LSI chip, and a plurality of working electrodes tleach include an
electrode surface supplying or receiving electrimnsr from a chemical
substance generated or consumed in the biologacapke in the solution to
cause an oxidation-reduction reaction are provaedthe LSI chip,
wherein

all of the electrode surfaces have diaméit@ensions g not more
than 80um and are arrayed on one flat surface,

a spacer is provided in the solution wilé spacer having an inverse-
cone-shaped profile surface at a distancim la direction perpendicular to
the one flat surface, the distancegdeing dependent on a distance min a

direction parallel to the one flat surface fromeater of the closest
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electrode surface and satisfying
h, = V{(1.050,+6.89)m}-0.48d,-2.38&t5 [um],
the spacer inhibiting the biological sample frontegimg a region on a side
with the one flat surface of the profile surfacel allowing a dissolved
substance in the solution to diffuse, and

a wall plate is provided between the twactlode surfaces adjacent to
each other, the wall plate extending to cross @ dionnecting centers of
the two electrode surfaces, having a height nat flean a maximum height
of the spacer from the one flat surface, and bemgervious to the

dissolved substance in the solution.

18. The transducer according to Claim 4&4 wherein

the electrode surfaces are arrayed in guation in which a
plurality of electrode rows are arranged in a seéadimection orthogonal to
a first direction, each of the plurality of eleaerows having the plurality
of the electrode surfaces which are arranged tnaggét line in the first
direction, and

the wall plate is provided to extend in thist direction between the

electrode rows adjacent to each other.

19. The transducer according to any on€lafims 16 to 18, wherein
the spacer is composed of a group of pdtawctures which extend in
the direction perpendicular to the one flat surfand stand at intervals less

than 100um.
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20. The transducer according to any on€laims 16 to 18, wherein
the spacer is composed of a porous stredtaving a pore diameter

less than 10Qum.

21. Atransducer in which a solution wadbable of containing a
solution and a biological sample immersed in tHatgmn is mounted on an
LSI chip, and a plurality of working electrodes tleach include an
electrode surface supplying or receiving electrionsr from a chemical
substance generated or consumed in the biologawapke in the solution to
cause an oxidation-reduction reaction are provaedthe LSI chip,
wherein

all of the electrode surfaces have diamet®ensions g not more
than 80um and are arrayed on one flat surface, on whichoxtyogonal
coordinates are defined, such that x coordinatesnfers of at least two of
the electrode surfaces are different from eachrotrel

a plurality of wall plates are providedite arrayed at intervals less
than 100um in an x direction on the one flat surface whée ¢lectrode
surfaces are arrayed, each of the plurality of whltes extending ina 'y
direction, having a heightlsatisfying
h; = 21.8(q,+0.8)/(d;+9. 715 [um],

and being impervious to a dissolved substancearstiution.

22. The transducer according to ClaimviZiierein
the height yof at least one of two of the wall plates, disesin the

x direction of which from a center of one of theatode surfaces are
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smallest and second smallest, changes along tivectidn so as to be
minimal at a y coordinate equal to a y coordindtthe center of the

electrode surface.

23. The transducer according to ClaimviZierein

the heightsiof two of the wall plates which extend on two aute
sides of one of the electrode surfaces and ardl@lai@each other without
a different one of the wall plates sandwiched betwihe two wall plates
change along the y direction so as to be minimgl@iordinates equal to a

y coordinate of a center of the electrode surface.

24. The transducer according to ClaimviZierein

an x coordinate of at least one of twoh# wall plates, distances in
the x direction of which from a center of one of #flectrode surfaces are
smallest and second smallest, changes locally gluag direction such
that the distance in the x direction from the cewnfehe electrode surface
IS maximal at a y coordinate equal to a y coordiridtthe center of the

electrode surface.

25. The transducer according to Claimghierein

an x coordinate of a first wall plate whishone of the wall plates, a
distance in the x direction of which from a cerdéone of the electrode
surfaces is smallest, changes locally along theection such that the
distance in the x direction from the center of ¢éhectrode surface is

maximal at a y coordinate equal to a y coordindtine center of the
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electrode surface, and an x coordinate of a sew@tidplate which is a
different one of the wall plates which is adjactnthe first wall plate
across the center of the electrode surface chdongaly along the y
direction such that a distance in the x directi@mmf the center of the
electrode surface is maximal at a y coordinate lefuthe y coordinate of

the center of the electrode surface.

26. The transducer according to any on€laims 21 to 25, wherein

a tall wall plate is further provided betmeat least one combination
of two x-direction adjacent electrode surfacesheazcthe at least one
combination of the two x-direction adjacent eledegsurfaces being a
combination of two of the electrode surfaces, xrdomtes of centers of
the two electrode surfaces being different fromheather, a different one
of the electrode surfaces which has an x coordimaéemediate between
the x coordinates being not present, the tall whte extending in the y
direction to cross a line segment connecting cerdéthe two electrode
surfaces over a whole of a width of the tall waéltp, having a height more
than the heights of the wall plates, and being iwvipes to the dissolved

substance in the solution.

27. Atransducer in which a solution wadbable of containing a
solution and a biological sample immersed in tHatgmn is mounted on an
LSI chip, and a plurality of working electrodestleach include an
electrode surface supplying or receiving electrimnsr from a chemical

substance generated or consumed in the biologacapke in the solution to
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cause an oxidation-reduction reaction are provaedthe LSI chip,
wherein

all of the electrode surfaces have diameit@ensions g not more
than 80um and are arrayed on one flat surface, on whichoxtyogonal
coordinates are defined, in a configuration in vianacplurality of electrode
rows are arranged in an x direction, each of thegblty of electrode rows
having one or more of the electrode surfaces whreharranged in a y
direction such that x coordinates of centers obathe one or more
electrode surfaces match up, and

a plurality of wall plates are providedite arrayed at intervals less
than 100um in the x direction on the one flat surface whitie electrode
surfaces are arrayed, the plurality of wall plaggtending in the y
direction, having heights;hand being impervious to a dissolved substance
in the solution, the heights, being dependent on a distance m in the x
direction from a center of one of the electroddatas which belongs to
the electrode row that is closest in the x diratod satisfying
hs = V{(1.050,+6.89)m}-0.48d;-2.38t5 [um]
and changing gradually.

28. The transducer according to Claimierein

the height hof at least one of one or more of the wall plaitsch
each extend to cross a line segment connectingtaefnd point and a
second end point over a whole or part of a widtkthefwall plate changes
along the y direction so as to be minimal at agrdmate equal to a 'y

coordinate of a center of one of the electrodeanad, the first end point



10

15

20

25

-90-

being not a relatively farther one of a point 306 away in one direction
of the x direction from the center of the electrateface and a point at a
distance which is one-half of a distance to anordmate of a center of the
electrode surface which belongs to the electrodethat is adjacent in the
one direction, the second end point being not aixadly farther one of a
point 300um away in the other direction of the x directioarfr the center
of the electrode surface and a point at a distariteh is one-half of a
distance to an x coordinate of a center of thetedde surface which

belongs to the electrode row that is adjacent enatier direction.

29. The transducer according to ClaimiZBerein

the heights4of all of one or more of the wall plates which leac
extend to cross the line segment over the whotb@fwvidths of the wall
plates change along the y direction so as to benmainat y coordinates

equal to the y coordinate of the center of thetedele surface.

30. The transducer according to any on€laims 27 to 29, wherein

a tall wall plate is further provided beemeat least one combination
of the electrode rows which are adjacent to eabkran the x direction,
the tall wall plate extending in the y directionaait x coordinate
intermediate between x coordinates of centers @ethctrode surfaces
which belong to the two electrode rows, having igltemore than a
maximum height of the wall plates, and being impaus to the dissolved

substance in the solution.



