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(57) ABSTRACT

In order to provide a reference electrode capable of sup-
pressing an error in a measured value even when refilling an
internal solution during sample measurement, a reference
electrode including: a casing adapted to store the internal
solution in an internal space; and an internal electrode that
rises from the bottom surface of the internal space and is
immersed in the internal solution further includes: a sur-
rounding wall that rises from the bottom surface so as to
surround the side circumferential surface of the internal
electrode; and an inlet port that is for refilling the internal
solution in the casing. In addition, in the reference electrode,
the surrounding wall is adapted such that a fore end surface
thereof is opened and the height thereof is higher than the
height of the internal electrode, and the inlet port is adapted
to be opened toward a space outside the surrounding wall.
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REFERENCE ELECTRODE

TECHNICAL FIELD

[0001] The present invention relates to a reference elec-
trode used for, for example, a pH measuring instrument.

BACKGROUND ART

[0002] When refiling a reference electrode with an internal
solution, an error occurs in the output value of a measuring
instrument. The reason for this is as follows.

[0003] A silver/silver chloride electrode used as the ref-
erence electrode is one in which a silver chloride layer is
formed by such as electrodeposition around a rod-shaped or
plate-shaped core material made of silver.

[0004] The reference potential of the silver/silver chloride
electrode is known to depend on the concentration of
chloride ions in the internal solution. However, when silver
ions are eluted through cracks and/or the like present in the
silver chloride layer, the surrounding silver chloride is
reduced to release chloride ions into the internal solution,
and therefore the chloride ion concentration in the internal
solution is slightly changed to change the reference potential
of the silver/silver chloride electrode.

[0005] The change in the reference potential is stabilized
when the silver ions are saturated in the internal solution.
However, when refilling a new internal solution, the elution
of silver ions again occurs from an internal electrode to
change the reference potential, and as a result, every time the
internal solution is refilled, an error occurs in the measured
value of the measuring instrument.

[0006] In the past, when measuring a sample that is stored
in a container and has a constant characteristic value, an
internal solution has been refilled before the measurement,
and the sample has been measured after the output value of
a measuring instrument was stabilized.

[0007] However, when refilling an internal solution during
sample measurement, in particular, when continuously mea-
suring a sample whose measured value keeps changing or
samples supplied one after another, an error in a measured
value due to refilling the internal solution becomes a big
problem.

CITATION LIST

Patent Literature

[0008] Patent Literature 1: Japanese Unexamined Patent
Publication JP-A 2005-172539

SUMMARY OF INVENTION

Technical Problem

[0009] The present invention is made in consideration of
the above problem and intends to provide a reference
electrode capable of, even when refilling an internal solution
during sample measurement, suppressing an error in a
measured value.

Solution to Problem

[0010] That is, the reference electrode according to the
present invention is a reference electrode including: a casing
adapted to store an internal solution (internal liquid) in an
internal space; and an internal electrode that rises from the

Jun. 15,2017

bottom surface of the internal space and is arranged so as to
be immersed in the internal solution, and the reference
electrode further includes: a surrounding wall that rises from
the bottom surface so as to surround the side circumferential
surface of the internal electrode; and an inlet port for
refilling the internal solution in the casing. In addition, the
surrounding wall is one of which the fore end surface is
opened and the height is higher than the height of the
internal electrode, and the inlet port is opened toward a
space outside the surrounding wall.

[0011] In such a reference electrode, when refilling the
internal solution, the internal solution fed from the inlet port
is first refilled in outside of the surrounding wall and thereby
prevented from immediately mixing with the internal solu-
tion containing silver ions eluted from the internal electrode
inside the surrounding wall, and therefore an error in a
measured value occurring when refilling the internal solu-
tion can be suppressed.

[0012] In the reference electrode in which the inlet port is
one opened toward the space between the outer circumfer-
ential surface of the surrounding wall and the inner surface
of the casing, even when the internal solution, which is
refilled from the inlet port and new, is refilled from outside
the surrounding wall, the height of the surrounding wall is
in a position higher than the height of the inlet port, and is
therefore required to get over the surrounding wall in order
to mix with the internal solution inside the surrounding wall.
Accordingly, since the new internal solution is more unlikely
to mix with the internal solution inside the surrounding wall,
the error in a measured value occurring when refilling the
internal solution can be more effectively suppressed.
[0013] Specific embodiments adapted to make the effect of
the present invention particularly remarkable include the
reference electrode including an internal solution refilling
mechanism, in which the internal solution refilling mecha-
nism is one that continuously or intermittently refills the
internal solution during sample measurement.

[0014] In the reference electrode in which the internal
electrode is a silver/silver chloride electrode with silver as a
core material and silver chloride coated around the core
material and which further includes a filling material that is
filled in the space formed between the side circumferential
surface of the internal electrode and the inner circumferen-
tial surface of the surrounding wall, the internal electrode
can be protected by the filling material to suppress silver
ions from being eluted into the internal solution, and there-
fore the error in a measured value occurring when refilling
the internal solution can be further suppressed.

ADVANTAGEOUS EFFECTS OF INVENTION

[0015] In the reference electrode as described above, the
internal solution fed from the inlet port when refilling the
internal solution is first refilled in outside of the surrounding
wall and thereby prevented from immediately mixing with
the internal solution containing silver ions eluted from the
internal electrode inside the surrounding wall, and therefore
an error in a measured value occurring when refilling the
internal solution can be suppressed

BRIEF DESCRIPTION OF DRAWINGS

[0016] FIG. 1 is an overall schematic view of a measuring
instrument according to one embodiment of the present
invention;
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[0017] FIG. 2 is a cross-sectional view of a reference
electrode according to the present embodiment; and
[0018] FIG. 3 is an overall schematic view of a measuring
instrument according to another embodiment.

DESCRIPTION OF EMBODIMENTS

[0019] In the following, one embodiment of the present
invention will be described with reference to drawings.
[0020] A reference electrode 22 according to the present
embodiment is one used for a measuring instrument 100 that
is connected to and incorporated in a semiconductor manu-
facturing apparatus in order to measure the pH of a measured
liquid, such as a chemical liquid used in a semiconductor
manufacturing process, such as a cleaning liquid, a Cu
plating liquid, an etching liquid for fabricating wiring e.g.,
and a chemical liquid used for CMP (chemical mechanical
polishing) e.g. in a wiring process.

[0021] As illustrated in FIG. 1 or FIG.3, the measuring
instrument 100 is one that is connected to a main flow path
(not illustrated) through which the measured liquid flows,
and includes a sampling mechanism 1 adapted to sample
part of the measured liquid and a pH meter 2 adapted to
measure the pH of the sampled measured liquid.

[0022] The sampling mechanism 1 is one including: a
sampling flow path 11 communicatively connecting to the
main flow path; and a circulation control mechanism 12
adapted to control such as the introduction of the measured
liquid as a measurement sample into the sampling flow path
11.

[0023] The sampling flow path 11 is a flow path through
which the sampled measured liquid or a calibration liquid
flows. In addition, the sampling flow path 11 is formed of a
tubing member having corrosion resistance to the measured
liquid and a very thin path forming a capillary shape.
[0024] The circulation control mechanism 12 is one
including a sampling pump 121 provided in the sampling
flow path 11 and a sampling control part adapted to control
the action of the sampling pump 121.

[0025] In the present embodiment, the sampling control
part is such that an information processing circuit 3 provided
separately from the sampling pump 121 plays the role of the
sampling control part. The information processing circuit 3
is one including some circuits such as: a digital circuit
configured to include a CPU, memory, communication port,
and the like; an analog circuit including a buffer, an ampli-
fier, and the like; and AD and DA converters adapted to act
as a bridge between the digital circuit and the analog circuit.
In addition, the CPU and its peripheral devices cooperate in
accordance with a predetermined program stored in the
memory, and thereby the information processing circuit 3
fulfills a function as the sampling control part.

[0026] Further, it is configured to, when the sampling
pump 121 operates in accordance with a command signal
from the sampling control part, draw the part of the mea-
sured liquid flowing through the main flow path into the
sampling flow path 11, and when the sampling pump 121
stops, stop sampling the measured liquid.

[0027] The pH meter 2 is one adapted to measure the pH
on the basis of a so-called glass electrode method here, and
includes a glass electrode 21, the reference electrode 22, and
apH calculation part adapted to calculate the pH on the basis
of the potential difference between the respective electrodes
21 and 22.
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[0028] As illustrated in FIG. 1, the glass electrode 21 is
one that includes: a first body 212 that stores a first internal
solution 211 inside; responsive glass that is provided to the
first body 212; and a first internal electrode 214 that is
immersed in the first internal solution 211.

[0029] The first body 212 is one that is formed of a
material such as PVC (polyvinyl chloride), PP (polypropyl-
ene), PVDF (polyvinylidene fluoride), PTFE (polytetrafluo-
roethylene), or PFA (Perfluoroalkoxy alkane) and forms a
hollow block body shape.

[0030] The first internal solution 211 is, for example, an
aqueous solution of potassium chloride, ammonium nitrate,
lithium acetate.

[0031] As well known, the responsive glass is one that
interposes between the first internal solution 211 and the
measured liquid as a measurement target and produces a
potential due to the pH difference between the first internal
solution 211 and the measured liquid. In the present embodi-
ment, a tubular body 213 is formed of the responsive glass.
[0032] The tubular body 213 formed of the responsive
glass is a very thin body that is made to penetrate so as to
pass from one side surface of the first body 212 to the other
side surface through a first internal space as an internal space
of'the first body 212 and forms a capillary shape similarly to
the sampling flow path 11.

[0033] Note that the capillary shape refers to the shape of
a tube of which the inside diameter is approximately 5 mm
or less, preferably 3 mm or less, and the length is approxi-
mately five or more times the inside diameter.

[0034] The start edge of the tubular body 213 is connected
to the sampling flow path 11, and adapted such that the
operation of the sampling pump 121 allows the measured
liquid to be introduced from the main flow path into the
tubular body 213.

[0035] Thus, the outer surface of the tubular body 213
contacts with the first internal solution 211 filled in the first
internal space, and in addition to this, the introduction of the
measured liquid into the tubular body 213 allows the respon-
sive glass (tubular body 213) to interpose between the first
internal solution 211 and the measured liquid as the mea-
surement target as described above.

[0036] Note that in the present embodiment, the whole of
the tubular body 213 is formed of the responsive glass;
however, only a part contacting with the first internal solu-
tion 211 may be formed of the responsive glass.

[0037] The first internal electrode 214 is one that, for
example, is formed of silver/silver chloride and forms a rod
shape or a long plate shape. Also, the first internal electrode
214 is attached so as to penetrate through a wall of the first
body 212, and thereby part of the first internal electrode 214
is adapted to be immersed in the first internal solution 211.
[0038] As illustrated in FIG. 2, the reference electrode 22
is one including; a second body 222 as a casing adapted to
store a second internal solution 221 inside; a second internal
electrode 223 adapted to be immersed in the second internal
solution 221 and output a reference potential; and a liquid
junction part 224.

[0039] The second body 222 is one that is formed of a
material such as PVC (polyvinyl chloride), PP (polypropyl-
ene), PVDF (polyvinylidene fluoride), PTFE (polytetrafluo-
roethylene), or PFA (Perfluoroalkoxy alkane) and forms a
hollow block body shape. In addition, in a second internal
space S as an internal space of the second body 222, the
second internal solution 221 is filled. The second internal
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solution 221 is, for example, an aqueous solution of potas-
sium chloride, ammonium nitrate, lithium acetate.

[0040] In the second body 222, in addition to the second
internal space S, a first internal flow path 4 through which
the measured liquid is introduced is provided. The first
internal flow path 4 is a through-hole penetrating from one
side surface to the other side surface of the second body 222,
and the start edge of the first internal flow path 4 is
communicatively connected to the end edge of the tubular
body 213. This configuration allows the measured liquid to
be introduced into the first internal flow path 4 after passing
through the tubular body 213. Note that the first internal flow
path 4 is one that forms a capillary shape and is very thin
similarly to the tubular body 213.

[0041] Connecting parts of the main flow path, the sam-
pling flow path 11, the tubular body, and the first internal
flow path 4 are respectively sealed with a sealing member or
the like, and the insides of the sampling flow path 11, the
tubular body, and the first internal flow path 4 are in a state
of being constantly filled with the sample or the other liquid
such as a calibration liquid or a cleaning liquid.

[0042] The second internal electrode 223 is, for example,
a columnar one formed of silver/silver chloride. Also, the
internal electrode 223 is attached so as to penetrate through
the bottom wall of the second body 222 and rise in the
second internal space S, and thereby adapted to be immersed
in the second internal solution 221.

[0043] The second internal electrode 223 is one including,
for example, a thin rod-shaped core material 223 A made of
silver, and a layer 223B that covers part of the surface of the
core material 223 A and is made of silver chloride. Also, the
second internal electrode 223 is one that is manufactured by
immersing the part of the core material 223 A of which the
length is minimized to the extent of being able to fulfill a
function as the internal electrode in, for example, dissolved
or melted silver chloride for formation, and then performing
a thermal treatment called annealing.

[0044] Provided around the second internal electrode 223
is a surrounding wall 223 W that rises from a place of the
bottom wall of the second body 222 displaced from the
second internal electrode 223 so as to surround the side
circumferential surface of the second internal electrode 223
and is formed in a cylindrical shape exceeding the fore end
of the second internal electrode 223 immersed in the second
internal solution 221.

[0045] The surrounding wall 223W is formed of a mate-
rial, for example, PVC (polyvinyl chloride), PP (polypro-
pylene), PVDF (polyvinylidene fluoride), PTFE (polytetra-
fluoroethylene), PFA (Perfluoroalkoxy alkane), or epoxy
resin, and a fore end surface of the surrounding wall 223W
on a side opposite to a base end part closely contacting with
the second body 222 is opened to form a circular opening
part 22311.

[0046] The space formed between the side circumferential
surface of the second internal electrode 223 and the inner
circumferential surface of the surrounding wall 223W is
filled with a filling material 223F such as an epoxy-based
adhesive.

[0047] The filling material 223F is a material for protect-
ing the second internal electrode 223, and filled up to a
height from which the fore end of the second internal
electrode 223 slightly projects.

[0048] Specifically, the possible filling height of the filling
material 223F is lower than the fore end of the core material
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223A, the same as the height of the fore end of the core
material 223 A, or between the fore end of the core material
223A and the fore end of the layer 223B made of silver
chloride.

[0049] The second internal space S is divided by the
surrounding wall 223W into two regions, i.e., an outside
region a that is a space outside the surrounding wall 223W
and an inside region b in which the second internal electrode
223 is contained, and the outside region a and the inside
region b contact with each other through the opening part
22311.

[0050] The outside region a is a region outside the inside
region b surrounded by the surrounding wall 223W, and the
upper space is also included in the outside region a.
[0051] The liquid junction part 224 is formed in a position
where the first internal flow path 4 contacts with a second
internal flow path 5 that is formed separately from the
second internal space S and the first internal flow path 4 in
the second body 222 and externally bored such that an end
part thereof reaches the first internal flow path 4.

[0052] Specifically, the second internal space S is con-
nected to the second internal flow path 5 through an internal
solution bypass flow path 6 that has the inside diameter
formed to be small on the upper side of a region where the
second internal electrode 223 is inserted in the view, i.e., in
an end part on a side opposite to the bottom wall and
separates the liquid junction part 224 and the second internal
space S from each other by a predetermined distance in a
part where the fore end of the small diameter part is opened
toward the outside of the second body 222. Inside the second
internal flow path 5, a plate-like porous member is arranged,
and the liquid junction part 224 is formed such that the
second internal solution 221 in the second internal flow path
5 contacts with the first internal flow path 4 through the
porous member.

[0053] Meanwhile, the second internal solution 221 is
reduced in amount by outflow from the liquid junction part
224 or evaporation of moisture, and therefore it is configured
to provide the reference electrode 22 with an internal solu-
tion refilling mechanism 8 and allow the internal solution
refilling mechanism 8 to refill the second internal solution
221 into the second internal pace S from an inlet port 7 that
is bored from outside the second body 222 and thereby
opened toward the outside region a, i.e., opened in the inner
circumferential surface of the second body 222 facing to the
outer circumferential surface of the surrounding wall 223W.
[0054] The inlet port 7 is opened toward the space
between the outer circumferential surface of the surrounding
wall 223W and the inner circumferential surface of the
second body 222, i.e., opened on the lower side than the
opening part 223H in FIG. 2, and thereby it is configured to
prevent the second internal solution 222 refilled from the
inlet port 7 from directly flowing into the inside region b
from the opening part 223H.

[0055] The inlet port 7 may be opened not only in the side
circumferential surface of the second body 222 in the second
internal space S but also in the bottom surface of the second
body 222 in the second internal space S.

[0056] The internal solution refilling mechanism 8 is one
that as illustrated in FIG. 1, includes an internal solution
refilling flow path 81, an internal solution circulation mecha-
nism 82 adapted to control the flow of the internal solution,
and an internal solution storage tank 83 adapted to store the
internal solution.
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[0057] The internal solution refilling flow path 81 is one
that forms an internal solution flow path 9 together with the
internal solution bypass flow path 6 and the second internal
flow path 5, and connects between the inlet port 7 and the
internal solution stored in the internal solution storage tank
83.

[0058] The internal solution circulation mechanism 82 is
one that includes: an internal solution refilling pump 82P
provided in the internal solution refilling flow path 81; and
an internal solution control part.

[0059] In the present embodiment, the internal solution
control part is such that the CPU and its peripheral devices
cooperate in accordance with a predetermined program
stored in the memory of the information processing circuit
3 and thereby the information processing circuit 3 fulfills a
function as the internal solution control part.

[0060] The internal solution control part is configured to,
for example, on the basis of an operating state of the
sampling pump, determine which of a measurement state of
measuring the sample, a calibration state of calibrating a
measured value using the calibration liquid, and a waiting
state of waiting the sample measurement or the calibration
the measuring instrument 100 is in.

[0061] In addition, it is configured to, when the internal
solution refilling pump 82P operates in accordance with a
command signal from the internal solution control part, feed
the internal solution from the internal solution storage tank
83 into the second internal space S through the internal
solution refilling flow path 81 for refilling.

[0062] Connecting parts of each of the flow path and the
space from the internal solution storage tank 83 to the liquid
junction part 224 through the second internal space S and the
internal solution flow path 9 are sealed and closed with a
sealing member or the like, and the fore end of a tube
forming the internal solution refilling flow path 81 is
immersed in the internal solution in the internal solution
storage tank 83. As a result, the flow path and space from the
internal solution storage tank 83 to the liquid junction part
224 are filled with the second internal solution 221.

[0063] Note that the inlet port 7 and the internal solution
refilling mechanism 8 are ones that when filling the refer-
ence electrode 22 with the second internal solution 221 from
a state where the second internal solution 221 is absent as
well as when refilling the internal solution, feeds the second
internal solution 221 to the second internal space S for
filling.

[0064] As illustrated in FIG. 1, the pH calculation part is
one adapted to measure the potential difference between the
first internal electrode 214 and the second internal electrode
223, and on the basis of the potential difference, calculate the
pH of the measured liquid. In the present embodiment, the
CPU and its peripheral devices cooperate in accordance with
a predetermined program stored in the memory of the
information processing circuit 3, and thereby the informa-
tion processing circuit 3 fulfills a function as the pH calcu-
lation part.

[0065] Next, an example of actions of the measuring
instrument 100 configured as described above will be briefly
described.

[0066] When filling the internal solution using the internal
solution refilling mechanism 8, the internal solution control
part instructs the internal solution refilling pump 82P to refill
the second internal solution 221 in the outside region a of the
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second internal space S from the internal solution storage
tank 83 through the internal solution refilling flow path 81
and the inlet port 7.

[0067] When the second internal solution 221 having fed
into the outside region a reaches the opening part 223H of
the surrounding wall 223 W, the second internal solution 221
flows into the inside region b from the opening part 223H.
After that, the second internal solution 221 is further fed and
the outside region a and the inside region b are wholly filled
with the second internal solution 221. As a result, the second
internal solution 221 is filled in the second internal space S.
[0068] The excess portion of the second internal solution
221 filled in the second internal space S as described fills the
second internal flow path 5 through the internal solution
bypass flow path 6, and flows out from the liquid junction
part 224.

[0069] When refilling the internal solution using the inter-
nal solution refilling mechanism 8, the internal solution
control part first determines which of the measurement state,
calibration state, and waiting state the measuring instrument
100 is in, and then instructs the internal solution refilling
pump 82P to refill the second internal solution 221 in the
outside region a of the second internal space S at a refilling
frequency and in an refilling amount appropriate for each of
the states from the internal solution storage tank 83 through
the internal solution refilling flow path 81 and the inlet port
7.

[0070] When the second internal solution 221 is refilled in
the outside region a of the second internal space S as
described, the second internal solution 221 filling the outside
region a flows to the internal solution bypass flow path 6 and
the second internal flow path 5 while hardly circulating with
the second internal solution 221 in the inside region b
surrounded by the surrounding wall 223W, and reaches the
liquid junction part 224. At this time, an excess internal
solution flows out from the liquid junction part 224 to the
sampling flow path 11.

[0071] The refilling frequency and refilling amount of the
second internal solution 221 refilled using the internal
solution refilling mechanism 8 in the measurement state or
the calibration state are such that the second internal solution
221 is refilled, for example, at a frequency of once per hour
and by 50 pl each.

[0072] Also, the refilling frequency and refilling amount
of the second internal solution 221 in the waiting state are,
for example, a frequency of once per day and 50 ul each.
[0073] In the reference eclectrode 22 configured as
described, since the surrounding wall 223W is provided
around the second internal electrode 223, the second internal
solution 221 in the inside region b can be suppressed from
flowing and being replaced with the second internal solution
221 newly refilled, and therefore an error in a measured
value occurring when the second internal solution 221 is
refilled can be suppressed.

[0074] Also, by providing the inlet port 7 used to refill the
internal solution between the outer circumferential surface
of the surrounding wall 223W and the inner surface of the
second body and on the lower side than the opening part
223H of the surrounding wall 223W in FIG. 2, it takes time
for the second internal solution 221 refilled from the inlet
port 7 to get over the surrounding wall 223W and flow into
the inside region b. Accordingly, the internal solution can be
suppressed from newly and immediately flowing into the
inside region b from the opening part 223H, and therefore



US 2017/0168004 A1l

the second internal solution 221 around the internal elec-
trode 223 can be effectively suppressed from flowing. As a
result, the error in a measured value occurring when filling
the second internal solution 221 can be more effectively
suppressed.

[0075] Since the silver chloride layer 223B of the second
internal electrode 223 is formed by immersing the core
material 223A into dissolved or melted silver chloride, and
further subjected to the thermal treatment, such as the
occurrence of cracks can be suppressed to suppress the
elution of silver ions from the core material 223A into the
second internal solution 221 in the inside region b.

[0076] Since by making the length of the core material
223A short, and filling the space formed between the side
circumferential surface of the second internal electrode 223
and the inner circumferential surface of the surrounding wall
223W with the filling material 223F such that the fore end
of the second internal electrode 223 slightly projects, the
second internal electrode 223 can be protected to suppress
silver ions from being eluted into the second internal solu-
tion 221, the error in a measured value occurring when
filling the internal solution can be further suppressed.
[0077] Since by making the silver core material 223A of
the second internal electrode 223 short, the inside region b
can be kept wide in the longitudinal direction of the sur-
rounding wall 223W, and the second internal solution 221
around the internal electrode 223 can be effectively sup-
pressed from flowing, the error in a measured value occur-
ring when filling the second internal solution 221 can be
suppressed.

[0078] Note that the present invention is not limited to the
above-described embodiment.

[0079] The shape of the surrounding wall is not limited to
the cylindrical shape but may be a polygonal tubular shape
or an irregular tubular shape as long as the surrounding wall
is one surrounding the side circumferential surface of the
second internal electrode. Also, the shape of the opening part
is not limited to the same shape as the cross-sectional shape
of the base end part of the surrounding wall, but may be
deformed in the middle of the tube, or made wider or
narrower radially than the base end part.

[0080] The inlet port is not limited to one formed between
the outer circumferential surface of the surrounding wall and
the inner surface of the second body, but only required to be
provided outside the surrounding wall.

[0081] The second internal electrode is not limited to the
cylindrical one, but may be a columnar one of which the
radial cross section is of a polygonal shape or an irregular
shape, or a plate-shaped one.

[0082] The silver chloride layer of the second internal
electrode may be formed by immersing the core material in
dissolved or melted silver chloride once or multiple times.
[0083] The silver chloride layer of the second internal
electrode may be formed by migration electrodeposition on
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the core material, an evaporation method, or a plating
method, or formed using a mold or the like.

[0084] Also, the thermal treatment does not have to be
performed, or may be performed at another temperature.
[0085] The silver chloride layer is not limited to one made
of only silver chloride but may contain, for example, silver
sulfate or the like.

[0086] The reference electrode may be one that is used to
measure, such as redox potential, ion concentration, or
conductivity, without limitation to pH.

[0087] The reference electrode can be applied to other
various fields without limitation to a semiconductor manu-
facturing process.

[0088] Besides, the present invention is not limited to any
of' the illustrated embodiments but can be variously modified
without departing from the scope thereof.

LIST OF REFERENCE CHARACTERS

[0089] Reference electrode 22

[0090] Surrounding wall 223W

[0091] Inlet port 7

[0092] Internal solution refilling mechanism 8

1. A reference electrode comprising: a casing adapted to
store an internal solution in an internal space; and an internal
electrode that rises from a bottom surface of the internal
space and is arranged so as to be immersed in the internal
solution, the reference electrode further comprising:

a surrounding wall that rises from the bottom surface so
as to surround a side circumferential surface of the
internal electrode and of which a fore end surface is
opened and a height is higher than a height of the
internal electrode; and

an inlet port that is for refilling the internal solution in the
casing and opened toward a space outside the surround-
ing wall.

2. The reference electrode according to claim 1, wherein

the inlet port is one opened toward a space between an
outer circumferential surface of the surrounding wall
and an inner surface of the casing.

3. The reference electrode according to claim 1, compris-

ing

an internal solution refilling mechanism, wherein

the internal solution refilling mechanism is one that
continuously or intermittently refills the internal solu-
tion during sample measurement.

4. The reference electrode according to claim 1, wherein

the internal electrode is a silver/silver chloride electrode
with silver as a core material and silver chloride coated
around the core material,

the reference electrode further comprising a filling mate-
rial that is filled in a space formed between the side
circumferential surface of the internal electrode and an
inner circumferential surface of the surrounding wall.
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