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SENSORDEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This is a continuation application of U.S. patent 
application Ser. No. 13/525,695 filed on Jun. 18, 2012. This 
application claims priority to Japanese Patent Application 
No. 2011-150565 filed on Jul. 7, 2011. The entire disclosures 
of U.S. patent application Ser. No. 13/525,695 and Japanese 
Patent Application No. 2011-150565 are hereby incorporated 
herein by reference. 

BACKGROUND 

0002 1. Technical Field 
0003. The present invention relates to a sensor device. 
0004 2. Related Art 
0005. There are known sensor devices which, for example, 
measure the state of corrosion of a reinforcing bar in concrete 
(e.g., see Japanese Laid-Open Patent Application Publication 
No. H06-222033). 
0006 Typically, the concrete in a concrete structure imme 
diately after construction exhibits a strong alkalinity. For this 
reason, the reinforcing bars in a concrete structure immedi 
ately after construction have a passivation film formed on the 
surface thereof and are therefore stable. However, in a con 
crete structure that is affected after construction by acid rain, 
exhaust gas, and the like, the concrete will be gradually acidi 
fied (neutralization), and the reinforcing bars will therefore 
corrode. With concrete structures, the reinforcing bars also 
corrode due to chloride ions that infiltrate the concrete. 
0007 For example, in the device recited in the above men 
tioned publication, a probe provided with a reference elec 
trode and a counter electrode is embedded in concrete and 
measures the polarization resistance and changes in electric 
potential caused by the corrosion of the reinforcing bars, 
whereby the corrosion of the reinforcing bars is predicted. 
0008. However, with this device, it is not possible to iden 

tify whether the cause of the corrosion of the reinforcing bars 
is due to chloride ions that infiltrate the concrete or due to 
neutralization of the concrete, and as a result, there is the 
problem that it is not possible to perform suitable preservation 
of the concrete structure. 

SUMMARY 

0009. An objective of the present invention is to provide a 
sensor device with which it is possible to distinguish between 
and measure chloride ion concentration changes and concrete 
pH changes in the concrete of a concrete structure, and to use 
the resulting measurement information in planning the pres 
ervation of the concrete structure. 
0010. Such an objective is achieved by the present inven 
tion described below. 
0011. A sensor device according to one aspect of the 
present invention includes a first electrode, a second elec 
trode, a gap forming member and a functional element. The 
first electrode is composed of a first metallic material. The 
second electrode is spaced apart from the first electrode, and 
composed of a second metallic material. The gap forming 
member is arranged with a gap being formed between the gap 
forming member and a portion of a Surface of the first elec 
trode. The functional element is configured and arranged to 
measure a difference in electric potential between the first 
electrode and the second electrode so that a state of a mea 

Jun. 4, 2015 

surement site to be measured is measured based on the dif 
ference in electric potential as measured by the functional 
element. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012 Referring now to the attached drawings which form 
a part of this original disclosure: 
0013 FIG. 1 is a drawing illustrating an example of the 
state of use of a sensor device according to a first embodiment 
of the present invention. 
0014 FIG. 2 is a block diagram illustrating a schematic 
configuration of the sensor device illustrated in FIG. 1. 
0015 FIG. 3 is a plan view of a first electrode, a second 
electrode, a gap forming member, and a functional element 
illustrated in FIG. 2. 
0016 FIG. 4 is a cross-sectional view (a cross-sectional 
view along line A-A in FIG. 3) for describing the first elec 
trode, the second electrode, and the gap forming member 
illustrated in FIG. 2. 
0017 FIG. 5 is a cross-sectional view (a cross-sectional 
view along line B-B in FIG. 3) for describing the functional 
element illustrated in FIG. 2. 
0018 FIG. 6 is a schematic diagram for describing corro 
sion due to chloride ions of the first electrode illustrated in 
FIG 2. 
0019 FIG. 7 is a circuit diagram illustrating a differential 
amplifiercircuit provided to the functional element illustrated 
in FIG. 2. 
0020 FIG. 8 is a circuit diagram illustrating the differen 

tial amplifier circuit provided to the functional element illus 
trated in FIG. 2. 
(0021 FIGS. 9A to 9C are drawings for describing an 
example of the action of the sensor device shown in FIG. 1. 
(0022 FIGS. 10A to 10C are drawings for describing 
another example of the action of the sensor device illustrated 
in FIG. 1. 
0023 FIGS. 11A to 11C are partial plan views illustrating 
a modification example of the first electrode and the gap 
forming member illustrated in FIG. 2. 
0024 FIG. 12 is a drawing illustrating an example of the 
state of use of a sensor device according to a second embodi 
ment of the present invention. 
0025 FIG. 13 is a drawing illustrating an example of the 
state of use of a sensor device according to a third embodi 
ment of the present invention. 
0026 FIG. 14 is a perspective view for describing the first 
electrode, the second electrode, and the gap forming member 
illustrated in FIG. 13. 
0027 FIG. 15 is an enlarged side view illustrating the first 
electrode and the gap forming member illustrated in FIG. 14. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

0028. The following is a description of preferred embodi 
ments of the sensor device of the present invention, with 
reference to the accompanying drawings. 

First Embodiment 

0029. The first embodiment of the present invention shall 
be described first. 
0030 FIG. 1 is a drawing illustrating an example of the 
state of use of a sensor device according to a first embodiment 
of the present invention. FIG. 2 is a block diagram illustrating 
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a schematic configuration of the sensor device illustrated in 
FIG. 1. FIG. 3 is a plan view of a first electrode, a second 
electrode, a gap forming member, and a functional element 
illustrated in FIG. 2. FIG. 4 is a cross-sectional view (a cross 
sectional view along line A-A in FIG.3) of the first electrode, 
the second electrode, and the gap forming member illustrated 
in FIG. 2. FIG. 5 is a cross-sectional view (a cross-sectional 
view along line B-B in FIG. 3) of the functional element 
illustrated in FIG. 2. FIG. 6 is a schematic diagram for 
describing corrosion due to chloride ions of the first electrode 
illustrated in FIG. 2. FIGS. 7 and 8 are each circuit diagrams 
illustrating a differential amplifier circuit provided to the 
functional element illustrated in FIG. 2. FIGS. 9A to 9C are 
drawings for describing an example of the action of the sensor 
device illustrated in FIG. 1. FIGS. 10A to 10C are drawings 
for describing another example of the action of the sensor 
device illustrated in FIG.1. FIGS. 11A to 11C are partial plan 
views illustrating a modification example of the first electrode 
and the gap forming member illustrated in FIG. 2. 
0031. The example described below is that of a case where 
the sensor device of the present invention is used to measure 
the quality of a concrete structure. 
0032. A sensor device 1 shown in FIG. 1 is intended to 
measure the quality of a concrete structure 100. 
0033. The concrete structure 100 has a plurality of rein 
forcing bars 102 embedded in concrete 101. The sensor 
device 1 is also embedded within the concrete 101 of the 
concrete structure 100, in the vicinity of the reinforcing bars 
102. Also, the sensor device 1 may be embedded when the 
concrete structure 100 is being cast, prior to the casting of the 
concrete 101, so as to be fixed to the reinforcing bars, or may 
be embedded in holes bored into the concrete 101 having 
hardened after casting. 
0034. The sensor device 1 has a main body 2, as well as a 

first electrode 3 and a second electrode 4 provided on the main 
body 2. Also though omitted for convenience of illustration in 
FIG. 1, the sensor device 1 has a gap forming member 8 
provided on the first electrode 3 (see FIG. 3). 
0035. In the present embodiment, the first electrode 3 and 
the second electrode 4 are installed on the outer surface of the 
concrete structure 100 further out than the reinforcing bars 
102 so that both are equidistant from the outer surface of the 
concrete structure 100. The first electrode 3 and the second 
electrode 4 are also installed such that the respective electrode 
surfaces thereof are parallel or substantially parallel to the 
outer surface of the concrete structure 100. The first electrode 
3 and the second electrode 4 are also configured such that the 
difference in electric potential therebetween changes in asso 
ciation with changes in the state of a site to be measured of the 
concrete 101. More detailed descriptions of the first electrode 
3 and the second electrode 4 shall be provided below. 
0036. The sensor device1, as illustrated in FIG. 2, also has 
a functional element 51, a power source 52, a temperature 
sensor 53, a communication circuit 54, an antenna 55, and an 
oscillator 56, which are electrically connected to the first 
electrode 3 and to the second electrode 4 and are housed 
within the main body 2. 
0037. The following is a sequential description of each of 
the parts constituting the sensor device 1. 

Main Body 
0038. The main body 2 has a function for supporting the 

first electrode 3, the second electrode 4, the functional ele 
ment 51, and other elements. 
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0039. Such a main body 2, as illustrated in FIG. 4 and FIG. 
5, has a substrate 21 for supporting the first electrode 3, the 
second electrode 4, and the functional element 51. The sub 
strate 21 is also intended to support the power source 52, the 
temperature sensor 53, the communication circuit 54, the 
antenna 55, and the oscillator 56, but FIGS. 3 to 5 omit a 
depiction of the power source 52, the temperature sensor 53, 
the communication circuit 54, the antenna 55, and the oscil 
lator 56, for convenience of description. 
0040. The substrate 21 has insulating properties. 
Examples which can be used as the substrate 21 include, but 
are not particularly limited to, an alumina Substrate, a resin 
substrate, or the like. 
0041 As shown in FIG. 4, an insulating layer 23 com 
posed of an insulating resin composition, such as, for 
example, a solder resist, is provided on the substrate 21. The 
first electrode 3, the second electrode 4, and the functional 
element 51 are also mounted onto the substrate 21 via the 
insulating layer 23. 
0042. As illustrated in FIG. 5, the functional element 51 
(an integrated circuit chip) is retained on the Substrate 21, and 
conductor parts 61, 62 (an electrode pad) of the functional 
element 51 are connected to the first electrode 3 and the 
second electrode 4. 

0043. The conductor part 61 electrically connects the first 
electrode 3 with conductor parts 516a, 516d as well as with a 
gate electrode of a transistor 514a. The conductor part 62 
electrically connects the second electrode 4 with conductor 
parts 516b, 516e as well as with a gate electrode of a transistor 
514b. Each of the first electrode 3 and the second electrode 4 
is in a floating state because of the respective connections 
thereof with the gate electrodes of the transistors 514a, 514b. 
Reference numerals 515a and 515b indicate interlayer insu 
lating films of the integrated circuit, and reference numeral 25 
indicates a protective film of the integrated circuit. 
0044) The main body 2 also has a function for housing the 
functional element 51, the power source 52, the temperature 
sensor 53, the communication circuit 54, the antenna 55, and 
the oscillator 56. 

0045. In particular, the main body 2 is configured so as to 
provide a liquid-tight housing for the functional element 51, 
the power source 52, the temperature sensor 53, the commu 
nication circuit 54, the antenna 55, and the oscillator 56. 
0046 Specifically, as illustrated in FIGS.4 and 5, the main 
body 2 has a sealing part 24. The sealing part 24 has a function 
for sealing in the functional element 51, the power source 52, 
the temperature sensor 53, the communication circuit 54, the 
antenna 55, and the oscillator 56. This makes it possible to 
prevent the deterioration of the functional element 51, the 
power source 52, the temperature sensor 53, the communica 
tion circuit 54, the antenna 55, and the oscillator 56 in a case 
where the sensor device 1 is installed in the presence of 
moisture or concrete. 

0047. Herein, the sealing part 24 has an opening part 241, 
and is provided such that each of the parts other than the first 
electrode 3 and the second electrode 4 are covered, while the 
first electrode 3 and the second electrode 4 are exposed from 
the opening part 241 (see FIGS. 3 and 4). This makes it 
possible for the sensor device 1 to measure while the sealing 
part 24 prevents each of the parts other than the first electrode 
3 and the second electrode 4 from deteriorating. The opening 
part 241 may also be formed Such that at least a part or more 
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of the first electrode 3 and at least a part or more of the second 
electrode 4 is exposed via a through-groove 81 or a gap G of 
the gap forming member 8. 
0048 Examples of materials which can be used to consti 
tute the sealing part 24 include: a thermoplastic resin, such as 
an acrylic-based resin, a urethane-based resin, or an olefin 
based resin; a thermosetting resin, such as an epoxy-based 
resin, a melamine-based resin, or a phenol-based resin; and 
various other types of resin materials, it being possible to use 
one type thereof or a combination of two or more types 
thereof. 

0049. The sealing part 24 may be provided or can be 
omitted, in accordance with need. 

First Electrode and Second Electrode 

0050. The first electrode 3 and the second electrode 4, as 
illustrated in FIG.4, are each provided on the outer surface of 
the main body 2 described above (more specifically, on the 
substrate 21). In particular, the first electrode 3 and the second 
electrode 4 are provided on the same plane. For this reason, it 
is possible to prevent the emergence of differences in the 
installation environments of the first electrode 3 and the sec 
ond electrode 4. 

0051. The first electrode 3 and the second electrode 4 are 
spaced apart to such an extent (for example, several millime 
ters) that there is no mutual influence due to electric potential. 
0052. In the present embodiment, each of the first elec 
trode 3 and the second electrode 4 forms a plate shape or a 
sheet shape. Each of the shapes in plan view of the first 
electrode 3 and the second electrode 4 also forms a quad 
rangle. The first electrode 3 and the second electrode 4 have 
mutually equivalent shapes and Surface areas in plan view. It 
is also possible for the first electrode 3 and the second elec 
trode 4 to have mutually different shapes and Surface areas in 
plan view. 
0053. With this embodiment, a recess 31 is formed on the 
top surface of the first electrode 3 (specifically, the surface on 
the opposite side to the substrate 21). As a result, it is possible 
to form the gap G between the first electrode 3 and the gap 
forming member 8 in a state with the gap forming member 8 
joined to the top surface of the first electrode 3 as will be 
described later. 

0054 The recess 31, for example, can be formed by etch 
ing using the gap forming member 8 as a mask (specifically 
wet etching) in a state with the gap forming member 8 joined 
to the first electrode 3 before formation of the recess 31. By 
forming the recess 31 in this way, it is possible to easily and 
reliably forma gap G for which corrosion of the first electrode 
3 due to chloride ions such as that described later can be 
promoted between the first electrode 3 and the gap forming 
member 8. The forming method of the recess 31 is not 
restricted to this. 

0055 Also, the depth of the recess 31 (maximum depth) is 
not particularly restricted provided it is possible to form a gap 
G for which it is possible to promote the kind of corrosion of 
the first electrode 3 due to chloride ions described later, but for 
example, it is preferably 1 um or greater and 100 um or less, 
more preferably 10um or greater and 80 um or less, and even 
more preferably 20 um or greater and 60 um or less. As a 
result, it is possible to easily and reliably form the gap G for 
which gap corrosion of the first electrode 3 described later can 
OCCU. 
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0056. Also, the width of the recess 31 is not particularly 
restricted provided it is possible to form a gap G for which the 
kind of gap corrosion of the first electrode 3 described later 
Cal OCC. 

0057. It is also preferable that the first electrode 3 be 
constituted with at least one Surface vicinity being a compact 
body. As a result, with the first electrode 3, in the presence of 
chloride ions, the part for which corrosion occurs most easily 
is corroded first, and since the ease of corrosion of the part for 
which the first corrosion occurred becomes greater than that 
of the other parts, localized corrosion (pitting) occurs. 
0.058 Also, with the second electrode 4, preferably, at 
least its surface vicinity is constituted with a porous body. As 
a result, as the part for which corrosion occurs easily, many 
fine recesses are formed dispersed evenly on the surface of the 
second electrode 4. For that reason, with the surface of the 
second electrode 4, in the presence of chloride ions, corrosion 
occurs evenly, and localized corrosion (pitting) is inhibited. 
0059 Also, when the second electrode 4 is constituted 
usingaporous body as described above, the average diameter 
of the holes of the porous body is not particularly restricted 
provided it is in a range for which pitting due to chloride ions 
like that described above can be prevented, but for example, 
this is preferably 2 nm or greater and 50 nm or less. Specifi 
cally, the holes are preferably mesopores. Also, the porosity 
of the porous body is not particularly restricted provided it is 
within a range for which it is possible to prevent pitting due to 
chloride ions as described previously, but for example, this is 
preferably 10% or greater and 90% or less. 
0060. By constituting the second electrode 4 using a 
porous body having holes of an average diameter within this 
range, it is possible to prevent pitting of the second electrode 
4 due to chloride ions such as that described previously, and 
also to cause moisture to condense on the second electrode at 
a lower relative humidity using the capillary condensation 
effect due to fine holes. For this reason, a stable presence of 
liquid water can be maintained on the second electrode 4. 
Specifically, even at a relatively low humidity for which con 
densation does not occur on the second electrode 4 in a case 
such as when the second electrode 4 is constituted with a 
compact body, it is possible to respectively condense and 
maintain liquid water on the second electrode 4. 
0061. In view of such a fact, a fluctuation in the amount of 
moisture on the second electrode 4 can be prevented even 
though the relative humidity inside the concrete 101 may 
change in association with changes in the humidity or tem 
perature of the external environment. Consequently, changes 
in the humidity or temperature of the external environment 
can be prevented from causing the self-potential of the second 
electrode 4 to fluctuate, and the state of the site to be measured 
of the concrete 101 can be measured with a high degree of 
precision. 
0062 Here, we will describe the constituent materials of 
the first electrode 3 and the second electrode 4. 
0063. The first electrode 3 is composed of a first metallic 
material (which hereinafter is also simply called the “first 
metallic material) for forming a passivation film (a first 
passivation film). In the first electrode 3 having such a con 
figuration, a passivation film is either formed or destroyed 
depending on changes in the pH. In the state where the pas 
sivation film has been so formed (the passivated state) on the 
first electrode 3, inactive (noble) conditions are in effect and 
self-potential increases (a shift towards increased nobility 
occurs). In the state where the passivation film has been 
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destroyed (eliminated state), the first electrode 3 is active (of 
less nobility). For this reason, the electric potential of the first 
electrode 3 has sharp changes depending on the presence or 
absence of the passivation film, as associated with changes in 
pH. 
0064. The first metallic material is not particularly limited, 
provided that a passivation film is formed; examples thereof 
include iron, nickel, magnesium, Zinc, an alloy containing 
these elements, or the like. 
0065 For example, iron forms a passivation film when the 
pH is greater than 9. Iron-aluminum-based carbon steel (0.8% 
Al) also forms a passivation film when the pH is greater than 
4. Nickel forms a passivation film when the pH is 8 to 14. 
Magnesium forms a passivation film when the pH is greater 
than 10.5. Zinc forms a passivation film when the pH is 6 to 
12. Also, SUS304 forms a passivation film when the pH is 2 
to 13. 
0066. Also, for example, with carbon steel (SD345), 
destruction of the passivation film starts when the chloride ion 
concentration exceeds approximately 1.2 kg/m. 
0067. Of these, the first metallic material is preferably iron 
or an alloy containing iron (an iron-based alloy), i.e., an 
iron-based material (specifically, carbon Steel, alloy steel, 
SUS, and the like). Iron-based materials are comparatively 
more readily and more inexpensively procured. In a case 
where, as in the present embodiment, the sensor device 1 is 
used to measure the state of the concrete structure 100, then 
the first metallic material can be a material identical to or 
approximating that of the reinforcing bars 102 of the concrete 
structure 100, and it is possible to effectively detect a state of 
a corrosive environment of the reinforcing bars 102. In the 
case where, for example, the first electrode 3 is composed of 
iron, then a determination can be made as to whether or not 
the pH is 9 or greater. 
0068. On the other hand, the second electrode 4 is com 
posed of a second metallic material (which hereinafter is also 
simply called “the second metallic material). 
0069 Various types of metallic materials can be used as 
the second metallic material without particular limitation, 
provided that it is a metallic material which allows the second 
electrode 4 to function as an electrode. 
0070 The second metallic material may be the same mate 

rial as the aforesaid first metallic material (the same or one 
that approximates it), or may be a material that is different 
from the aforesaid first metallic material. 
0071 Also, the second metallic material may form a pas 
Sivation film or may not form a passivation film. 
0072. When the first metallic material and the second 
metallic material are the same type of material, with the first 
electrode 3 and the second electrode 4, the same or approxi 
mately the same state mutually changes in relation to pH 
changes of the site to be measured. Therefore, even when the 
pH of the site to be measured changes, the difference in 
electric potential of the first electrode 3 and the second elec 
trode 4 changes not at all or almost doesn't change. For that 
reason, it is possible distinguish between the change in chlo 
ride ion concentration of the site to be measured and the 
change in pH of the site to be measured and perform mea 
Surement. 

0073 Specifically, in a state with a passivation film formed 
on both the surface of the first electrode 3 and the second 
electrode 4, the difference in electric potential of the first 
electrode 3 and the second electrode 4 is in accordance with 
the chloride ion concentration of the site to be measured. For 
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that reason, it is possible to detect with a higher sensitivity the 
fact that chloride ions have infiltrated the site to be measured 
based on the difference in electric potential of the first elec 
trode 3 and the second electrode 4. 

0074. On the other hand, when the first metallic material 
and the second metallic material are mutually different, when 
the second metallic material forms a passivation film (second 
passivation film), it is possible to make the timing of the 
formation or elimination of the first electrode 3 passivation 
film different from the timing of the formation or elimination 
of the second electrode 4 passivation film. For that reason, it 
is possible to detect whether or not the pH of the site to be 
measured is a prescribed value or less based on the difference 
in electric potential of the first electrode and the second elec 
trode. 
0075 For example, as the pH of the site to be measured 
decreases, when the timing at which the passivation film of 
the first electrode 3 is eliminated is earlier than the timing at 
which the passivation film of the second electrode 4 is elimi 
nated, with the second electrode 4, when the electric potential 
for the first electrode 3 changes according to whether or not 
there is a passivation film as described previously, there is no 
formation ordestruction (elimination) of the passivation film, 
and there is no sharp change in the electric potential. For that 
reason, when the electric potential of the first electrode 3 
changes according to whether or not there is a passivation film 
as described previously, there is a sharp change in the differ 
ence in electric potential between the first electrode 3 and the 
second electrode 4. For that reason, it is possible to accurately 
detect whether the pH of the first electrode 3 and the second 
electrode 4 installation environment (with this embodiment, 
near the reinforcing bars 102 of the concrete 101) is of a 
prescribed value or less. 
0076 Also, when the second metallic material forms a 
passivation film (second passivation film), the metals listed 
above as examples for the first metallic material can be used 
as the second metallic material. 

0077. When the first metallic material and the second 
metallic material are both metallic materials that form a pas 
sivation film, when the lower limit value of the pH range at 
which the first metallic material forms a passivation film is 
used as the first pH (first passivation pH), and the lower limit 
value of the pH range at which the second metallic material 
forms a passivation film is used as the second pH (second 
passivation pH), it is preferable that the first pH and the 
second pH be mutually different. Specifically, it is preferable 
that the first metallic material forms the passivation film when 
the pH becomes greater than the first pH, and that the second 
metallic material form a passivation film when the pH 
becomes greater than the second pH which is different from 
the first pH. As a result, it is possible to accurately detect 
whether pH of the environment in which the first electrode 3 
and the second electrode 4 are respectively installed are the 
first pH or less and the second pH or less. 
0078. In such a case, preferably, the first pH is 8 or greater 
and 10 or lower, and the second pH is 7 or lower. This also 
makes it possible, by detecting whether or not the pH is at or 
lower than the first pH, to know in advance that the installa 
tion environments of the first electrode 3 and the second 
electrode 4 are approaching a neutral State. In view of Such 
facts, in a case where the sensor device 1 is used to measure 
the state of the concrete structure 100, as in this embodiment, 
it is possible to act in advance to counter and prevent the 
corrosion of the reinforcing bars 102. It is also possible, by 



US 2015/O153399 A1 

detecting whether or not the pH is at or lower than the 
second pH, to know that the installation environments of the 
first electrode 3 and the second electrode 4 (site to be mea 
Sured) have reached an acidic state. 
0079. In such a case, preferably, the second metallic mate 

rial is iron or an alloy containing iron (an iron-based alloy), 
i.e., an iron-based material. Iron-based materials are com 
paratively more readily and more inexpensively procured. 
Further, inacase where the sensor device 1 is used to measure 
the state of the concrete structure 100, as in this embodiment, 
then it is possible for the first metallic material to be the same 
material as the reinforcing bars 102. Having the second 
metallic material be the same material as the reinforcing bars 
102 makes it possible to effectively detect the state of corro 
sion of the reinforcing bars 102. 
0080. On the other hand, in a case where the second metal 
lic material does not form a passivation film, then possible 
examples of the second metallic material include platinum, 
gold, and the like. In a case where the second metallic mate 
rial does not form a passivation film, then it is possible to 
know in a single stage, with a high degree of precision, the 
change when the installation environments of the first elec 
trode 3 and the second electrode 4 change from a strongly 
alkaline state to a strongly acidic state. 
0081. In such a case, preferably, the first metallic material 
forms a passivation film when the pH thereof becomes greater 
than a pH of 3 to 5, or, greater than a pH of 8 to 10. It is 
possible, by detecting whether or not the pH is a pH of at or 
lower than a pH of 3 to 5, to know that the installation 
environments of the first electrode 3 and the second electrode 
4 have reached an acidic state. Detecting whether or not the 
pH is at or below a pH of 8 to 10 also makes it possible to 
know in advance that the installation environments of the first 
electrode 3 and the second electrode 4 are approaching a 
neutral State. 
0082. As the forming method for this kind of first elec 
trode 3 and second electrode 4, these are not particularly 
restricted, and known film forming methods may be used. 

Gap Forming Member 
0083. The gap forming member 8 is arranged forming a 
gap G with a portion of the surface of the first electrode 3. This 
gap G is locally formed on the surface of the first electrode 3. 
and is connected to the outside via a through-groove 81 of the 
gap forming member 8 described later. 
0084. By forming this kind of gap G, even in a state for 
which the chloride ion concentration of the site to be mea 
sured is relatively low and corrosion of the second electrode 
4 does not occur, it is possible to have corrosion of the first 
electrode 3 performed using gap corrosion. For that reason, 
even in a state for which the chloride ion concentration of the 
site to be measured is low, a difference in electric potential 
occurs between the first electrode 3 and the second electrode 
4, and it is possible to detect the infiltration of chloride ions 
based on this difference in electric potential. 
0085. In particular, when the first electrode 3 and the sec 
ond electrode 4 are respectively composed of metallic mate 
rials which form passivation films like those described above, 
the passivation film formed by the second electrode 4 is not 
destroyed until the chloride ion concentration of the site to be 
measured becomes relatively high, and even if local destruc 
tion occurs temporarily, regeneration occurs in an environ 
ment for which the pH is a prescribed value or greater. For that 
reason, when the pH of the site to be measured is a prescribed 
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value or greater, during the time until the chloride ion con 
centration of the site to be measured becomes relatively high, 
the self-potential of the second electrode 4 is maintained with 
stability in a high state (more noble state). 
I0086 On the other hand, with the passivation film formed 
by the first electrode 3, even when the chloride ion concen 
tration of the site to be measured is relatively low, when 
localized destruction occurs temporarily due to chloride ions 
infiltrating the gap G between the first electrode 3 and the gap 
forming member G, within that gap G, the metalion concen 
tration eluted from the first electrode 3 increased, and in 
accordance with that, the chloride ion concentration 
increases, so there is no regeneration. For that reason, when 
the pH of the site to be measured is a set pH or greater, when 
there are no chloride ions at the site to be measured, the 
self-potential of the first electrode 3 is maintained with sta 
bility at a high state (more noble state), but when chloride ions 
infiltrate the site to be measured, the gap corrosion of the first 
electrode 3 progresses, and the self-potential of the first elec 
trode 3 decreases (becomes less noble). 
I0087. From such facts, it is possible to detect with high 
sensitivity the fact that chloride ions have infiltrated the site to 
be measured based on the difference in electric potential 
between the first electrode 3 and the second electrode 4. 
I0088. Following, using FIG. 6, we will give a more 
detailed description regarding corrosion due to chloride ions 
(gap corrosion) of the first electrode 3 for which the gap G was 
formed with the gap forming member 8. 
I0089. When the first electrode 3 is in the presence of 
chloride ions (Cl), when localized destruction of the passi 
vation film formed on the surface of the first electrode 3 
occurs temporarily due to chloride ions infiltrating inside the 
gap G, the first metallic material constituting the first elec 
trode 3 is eluted into the gap G as a metal ion (Mn'). 
0090. For example, when the first metallic material is pure 
iron (Fe), using the reaction of 

0091 
0092. In this way, the metal ions eluted within the gap G 
have a slow diffusion speed, and are retained within the gap G. 
Because of this, the concentration of metalions within the gap 
G increases. 

0093. As a result, so as to keep electrical neutrality within 
the gap G, the chloride ions migrate from outside the gap G to 
inside the gap G, and the chloride ions concentrate within the 
gap G. As a result, the concentration of the chloride ions 
within the gap G also increases. 
0094 For that reason, compared to the concentration of 
chloride ions outside the gap G, the concentration of chloride 
ions inside the gap G is higher. 
0.095 Also, within the gap G, due to a reaction of the metal 
ions, chloride ions, and water, hydrogen ions are generated, 
and there is an increase in hydrogen ion concentration within 
the gap G, in other words, the pH within the gap G decreases. 
0096. For example, when the first metal material is pure 
iron (Fe), through the reactions of: 

The metal ions within the gap G are eluted as Fe". 

0097. The concentration of hydrogen ions in the gap G 
increases. 
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0098. For that reason, compared to the concentration of 
hydrogen ions outside the gap G, the concentration of hydro 
gen ions inside the gap G is higher. 
0099 From the kind of facts described above, even when 
the concentration of chloride ions and hydrogen ions outside 
the gap G is relatively low, the concentration of chloride ions 
and hydrogen ions inside the gap G increases, and the gap 
corrosion of the first electrode 3 progresses. 
0100 Here, with the surface of the first electrode 3, the 
part for which gap corrosion occurs is the anode area, and the 
part exposed to outside the gap G is the cathode area. 
0101 For example, when the first metallic material is pure 
iron (Fe), in the first electrode 3 anode area, an anode reaction 
of Fe->Fe"+2e occurs, and in the first electrode 3 cathode 
area, a cathode reaction of 1/2O+HO+2e->2OH occurs. 
0102. With this kind of cathode reaction, by making the 
cathode area of the first electrode 3 bigger, the anode reaction 
is promoted. For that reason, by making the Surface area of the 
apart exposed to outside the gap G of the surface of the first 
electrode 3, even in a state when the chloride ion concentra 
tion of the site to be measured is low, gap corrosion of the first 
electrode 3 occurs, so it is possible to detect with higher 
sensitivity the infiltration of chloride ions to the site to be 
measured. 
0103) The gap forming member 8 is provided covering the 
recess 31 while forming a gap with the wall surface of the 
recess 31 formed on the surface of the first electrode 3 
described previously. With this embodiment, the gap forming 
member 8 forms a plate shape or sheet shape, and is joined to 
the opening edge part of the recess 31. A through-groove 81 
that pierces through in the thickness direction is formed on the 
gap forming member 8. This through-groove 81 connects to 
the recess 31. 
0104. By combining a gap forming member 8 having this 
kind of through-groove 81 and the first electrode 3 having the 
recess 31, it is possible to easily and reliably form the gap G 
for which gap corrosion of the first electrode 3 can occur 
between the first electrode 3 and the gap forming member 8. 
0105. The through-groove 81 forms a long shape extend 
ing in one direction with a plan view. Note that the plan view 
shape of the through-groove 81 (through-hole) is not limited 
to this provided it is possible to form a gap G for which gap 
corrosion of the first electrode 3 can occur. A modification 
example of the through-groove 81 of the gap forming member 
8 will be described in detail later. 
0106 The width of this through-groove 81 is not particu 
larly restricted provided it is possible for there to be infiltra 
tion of chloride ions into the gap G as described above, and it 
is possible to form a gap G for which gap corrosion of the first 
electrode 3 can occur between the gap forming member 8 and 
the first electrode 3. 

0107 As the materials constituting this kind of gap form 
ing member 8, this is not particularly restricted, but for 
example it is preferable to use the same type of metallic 
material as that of the first metallic material constituting the 
first electrode 3, and in particular, with this embodiment, from 
the perspective of being able to form the recess 31 of the first 
electrode 3 by etching using the gap forming member 8 as a 
mask as described previously, it is preferable to use materials 
with insulating properties. 
0108. When the gap forming member 8 is composed of a 
material with insulating properties, it is possible to prevent an 
adverse effect on the self-potential of the first electrode 3 by 
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the gap forming member 8. For that reason, designing of the 
first electrode 3 and the gap forming member 8 becomes easy. 
0109 As such a material with insulating properties, 
though not particularly restricted, examples include insulat 
ing ceramic materials such as SiO, SiN or the like, resin 
materials such as PSF (polysulfone), PAI (pre amide imide), 
PTFE (polytetrafluoroethylene), PVDF (polyvinylidene fluo 
ride) and the like, and among these, with this embodiment, 
from the perspective of being able to form the recess 31 of the 
first electrode 3 by etching using the gap forming member 8 as 
a mask as described previously, it is preferable to use an 
insulating ceramic material. 
0110. Also, when the gap forming member 8 is composed 
of the same metallic material as the metallic material consti 
tuting the first electrode 3, it is possible to prevent the gap 
forming member from adversely affecting the self-potential 
of the first electrode 3. For that reason, designing of the first 
electrode 3 and the gap forming member 8 is easy. 
0111. Also, the gap forming member 8 preferably has 
resistance to alkalinity. As a result, even when the site to be 
measured is concrete, it is possible for the gap forming mem 
ber 8 to have excellent durability. For that reason, it is possible 
to measure the state of the concrete over a long period with 
stability. 
0112 Also, the distance between the gap forming member 
8 and the first electrode 3 with the gap G (distance in the 
thickness direction of the first electrode 3) is preferably 1 um 
or greater and 100 um or less, more preferably 10 um or 
greater and 80 um or less, and even more preferably 20um or 
greater and 60 um or less. As a result, it is possible to have gap 
corrosion of the first electrode 3 occur. 

Functional Element 

0113. The functional element 51 is embedded in the inte 
rior of the previously described main body 2. The surface of 
the substrate 21 of the main body 2 to which the functional 
element 51 is provided may be identical to or opposite from 
that of the first electrode 3 and the second electrode 4. 
0114. The functional element 51 has a function for mea 
suring the difference in electric potential between the first 
electrode 3 and the second electrode 4. This makes it possible 
to detect whether or not the chloride ion concentration of the 
installation environments of the first electrode 3 and the sec 
ond electrode 4 are at or below a prescribed value, based on 
the difference in electric potential between the first electrode 
3 and the second electrode 4. 
0115 The functional element 51 also has a function for 
detecting whether or not the pH or chloride ion concentration 
of the site to be measured of the concrete structure 100, which 
is the object to be measured, is at or below a prescribed value, 
based on the difference in electric potential between the first 
electrode 3 and the second electrode 4. This makes it possible 
to detect a change in state of the concrete structure 100 in 
association with a change in the pH or a change in the chloride 
ion concentration thereof. 
0116 Such a functional element 51 is, for example, an 
integrated circuit. More specifically, the functional element 
51 is, for example, an MCU (a micro control unit) and has, as 
illustrated in FIG. 2, a CPU 511, an A/D conversion circuit 
512, and a differential amplifier circuit 514. 
0117. A more specific description shall now be provided. 
The functional element 51, as illustrated in FIG. 5, has: a 
substrate 513; a plurality of transistors 514a, 514b, 514c 
provided on the substrate 513; interlayer insulating films 
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515a, 515b for covering the transistors 514a, 514b, 514c, 
conductor parts 516a, 516b, 516c, 516d, 516e, 516f consti 
tuting a wiring and a conductor post; a protective film 25; and 
conductor parts 61, 62 constituting an electrode pad. 
0118. The substrate 513 is, for example, an SOI substrate, 
on which the CPU 511 and the A/D conversion circuit 512 are 
formed. Using an SOI substrate as the substrate 513 makes it 
possible to make the transistors 514a to 514c into an SOI-type 
MOSFET. 
0119) The plurality of transistors 514a, 514b, 514c are 
each, for example, field-effect transistors (FETs), and consti 
tute a part of the differential amplifier circuit 514. 
0120. The differential amplifier circuit 514, as illustrated 
in FIG. 7, is constituted of the three transistors 514a to 514C 
as well as a current mirror circuit 5.14d. 
0121 The differential amplifier circuit 514 also has oper 
ating amplifiers 201, 202 and an operating amplifier 203, as 
illustrated in FIG. 8. 
0122) The operating amplifier 201 detects the electric 
potential of the first electrode 3 using a comparative electrode 
7 as a reference. The operating amplifier 202 detects the 
electric potential of the second electrode 4 using the compara 
tive electrode 7 as a reference. The operating amplifier 203 
detects the difference between the outputted electric potential 
of the operating amplifier 201 and the outputted electric 
potential of the operating amplifier 202. 
0123. The conductor part 516a has one end connected to a 
gate electrode of the transistor 514a, and another end con 
nected to the aforesaid conductor part 516d. The conductor 
part 516d is electrically connected to the first electrode 3 via 
the conductor part 61. An electrical connection is thereby 
formed between the first electrode 3 and the gate electrode of 
the transistor 514a. For this reason, the drain current of the 
transistor 514a changes in accordance with changes in the 
electric potential of the first electrode 3. 
0.124 Similarly, the conductor part 516b has one end con 
nected to a gate electrode of the transistor 514b, and another 
end connected to the aforesaid conductor part 516e. The 
conductor part 516e is electrically connected to the second 
electrode 4 via the conductor part 62. An electrical connection 
is thereby formed between the second electrode 4 and the gate 
electrode of the transistor 514b. For this reason, the drain 
current of the transistor 514b changes in accordance with 
changes in the electric potential of the second electrode 4. 
0.125. The conductor part 516c has one end connected to a 
gate electrode of the transistor 5.14c, and another end con 
nected to the aforesaid conductor part 516f thus constituting 
a part of a circuit. 
0126 The functional element 51 is operated by energiza 
tion from the power source 52. Provided that the power source 
52 can Supply electric power capable of operating the func 
tional element 51, there is no particular limitation, and the 
power source 52 may be, for example, a battery Such as a 
button-type battery, or may be a power source using an ele 
ment having a power generation function, such as a piezo 
electric element. 
0127. The functional element 51 is configured so as to be 
able to acquire detected temperature information on the tem 
perature sensor 53. This makes it possible also to obtain 
information relating to the temperature of the site to be mea 
Sured. The use of such information relating to the temperature 
makes it possible to more accurately measure the state of the 
site to be measured, or to anticipate changes in the site to be 
measured with a high degree of precision. 
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I0128. The temperature sensor 53 has a function for detect 
ing the temperature of the site to be measured of the concrete 
structure 100, which is the object to be measured. Examples 
oftemperature sensors which can be used as Such a tempera 
ture sensor 53 include but are not particularly limited to a 
thermistor, a thermocouple or other various known types. 
0129. The functional element 51 also has a function for 
driving and controlling the communication circuit 54. For 
example, the functional element 51 respectively inputs, into 
the communication circuit 54, information relating to the 
difference in electric potential between the first electrode 3 
and the second electrode 4 (which hereinafter is also simply 
called “electric potential difference information') as well as 
information relating to whether or not the pH or chloride ion 
concentration of the site to be measured is at or below a 
prescribed value (which hereinafter is also simply called “pH 
information'). The functional element 51 also additionally 
inputs, into the communication circuit 54, information relat 
ing to the temperature detected by the temperature sensor 53 
(which hereinafter is also simply called “temperature infor 
mation'). 
0.130. The communication circuit 54 has a function for 
Supplying power to the antenna 55 (a transmitting function). 
This makes it possible for the communication circuit 54 to do 
wireless transmission of inputted information using an RF 
band or LF band (preferably the LF band) via the antenna 55. 
The transmitted information is received by a receiver (reader) 
provided outside the concrete structure 100. 
I0131 The communication circuit 54 has, for example, a 
transmission circuit for transmitting electromagnetic waves, 
a modulation circuit having a function for modulating a sig 
nal, and the like. The communication circuit 54 may also have 
a down converter circuit having a function for converting a 
signal to a lower frequency, an up converter having a function 
for converting a signal to a higher frequency, an amplifier 
circuit having a function for amplifying a signal, a receiving 
circuit for receiving electromagnetic waves, a demodulating 
circuit having a function for demodulating a signal, and the 
like. 
0.132. The antenna 55 is composed of, for example, a 
metallic material, carbon, or the like, but is not particularly 
limited thereto, and forms a winding wire, a thin film, or 
another form. 
I0133. The functional element 51 is configured so as to be 
able to acquire a clock signal from the oscillator 56. This 
makes it possible to synchronize each of the circuits, or to add 
time information to each of the various forms of information. 
I0134. The oscillator 56 is constituted of, for example, an 
oscillation circuit employing a crystal oscillator, but is not 
particularly limited thereto. 
I0135) In a measurement method using the sensor device 1 
configured as has been described above, the first electrode 3 
and the second electrode 4 are each embedded in the concrete 
structure 100, which is the object to be measured, and the state 
of the concrete structure 100 is measured based on the differ 
ence in electric potential between the first electrode 3 and the 
second electrode 4. 
0.136 Following, we will describe the operation of the 
sensor device 1 using as examples a case when the first 
electrode 3 and the second electrode 4 are respectively com 
posed of carbon steel (SD345) (first example), and a case 
when the first electrode 3 is composed of SUS304, and the 
second electrode 3 is composed of carbon steel (SD345) 
(second example). 
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FIRST EXAMPLE 

0137 First, we will describe the action of the sensor 
device 1 when the first electrode 3 and the second electrode 4 
are each composed of carbon steel (SD345). 
0138. In the concrete structure 100 immediately after cast 
ing, ordinarily, the concrete 101 exhibits a strong alkalinity 
when casting has been done appropriately. For this reason, at 
Such a time, the first electrode 3 and the second electrode 4 
each form stable passivation films. That is, as illustrated in 
FIG.9A, a passivation film 33 is formed on the surface of the 
first electrode 3, and a passivation film 43 is formed on the 
surface of the second electrode 4. The self-potentials of the 
first electrode 3 and the second electrode 4 are thereby each 
made to increase (become more noble). As a result, the dif 
ference in electric potential between the first electrode 3 and 
the second electrode 4 immediately after the concrete has 
been cast is reduced. 
I0139. Thereafter, in a state with the passivation films 33 
and 43 formed, when chloride ions infiltrate the site to be 
measured of the concrete 101 of the concrete structure 100, 
during the time until that chloride ion concentration reaches 
the boundary concentration at which carbon steel is corroded, 
the passivation film 43 formed on the second electrode 4 
maintains a noble state (high state) for which there is no 
corrosion and almost no change in self-potential even in the 
presence of chloride ions. Meanwhile, with the passivation 
film formed on the first electrode 3, even if the chloride ion 
concentration does not reach the boundary concentration at 
which carbon steel is corroded, local corrosion (pitting) 
occurs in the presence of chloride ions. Specifically, as shown 
in FIG.9B, a deficit part 331 is formed on the passivation film 
33 of the first electrode 3, and the part which has not under 
gone passivation of the first electrode 3 is exposed via the 
deficit part 331, and corrosion of the first electrode 3, specifi 
cally, gap corrosion of the first electrode 3 occurs. As a result, 
the self-potential of the first electrode 3 becomes less noble 
(decreases). 
0140 From such a fact, when chloride ions infiltrate the 
site to be measured, the difference in electric potential 
between the first electrode 3 and the second electrode 4 
becomes greater. For that reason, it is possible to measure the 
change in chloride ion concentration of the site to be mea 
sured based on the difference in electric potential between the 
first electrode 3 and the second electrode 4. 
0141. Also, the pH of the concrete 101 in the concrete 
Structure 100 gradually changes toward becoming acidic 
(neutralization) due to the effects of carbon dioxide, acidic 
rain, exhaust gas, and the like. 
0142. When the pH of the concrete 101 drops to as low as 
about 9, then, as illustrated in FIG. 9C, the passivation films 
33 and 43 of the first electrode 3 and the second electrode 4 
also begin to disintegrate, and the self-potential thereof drops 
(becomes less noble). At such a time, because the self-poten 
tials of both the first electrode 3 and the second electrode 4 
drop, the difference in electric potential between the first 
electrode 3 and the second electrode 4 is reduced. The differ 
ence in electric potential between the first electrode 3 and the 
comparative electrode 7, and the difference in electric poten 
tial between the second electrode 4 and the comparative elec 
trode 7 respectively change sharply. For that reason, it is 
possible to detect with high precision the fact that the pH of 
the site to be measured became about 9. At such a time, each 
of the first electrode 3 and the second electrode 4 is undergo 
ing progressive corrosion. 
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I0143. The use of such detection results makes it possible to 
monitor for a long time the temporal changes in the qualities 
of the concrete structure 100 after casting. For this reason, it 
is possible to become aware of the deterioration of the con 
crete 101 (neutralization or the intrusion of saline matter) 
before the reinforcing bars 102 are corroded. This makes it 
possible to paint the concrete structure 100 or perform repair 
work by a mixed anti-corrosion agent mortar or the like, 
before the reinforcing bars 102 are corroded. 
0144. It is also possible to determine whether or not there 
has been any abnormality during the casting of the concrete 
structure 100. For this reason, it is possible to prevent initial 
difficulties with the concrete structure 100, and to improve the 
quality of the concrete structure 100. 

SECOND EXAMPLE 

(0145 The following is a description of the action of the 
sensor device 1 using a case where the first electrode 3 is 
composed of SUS304 and the second electrode 4 is composed 
of carbon steel (SD345). 
I0146) In the concrete structure 100 immediately after cast 
ing, ordinarily, the concrete 101 exhibits a strong alkalinity 
when casting has been done appropriately. For this reason, at 
such a time, if chloride ions do not infiltrate the site to be 
measured, the same as with the first example described pre 
viously, as illustrated in FIG. 10A, a passivation film 33 is 
formed on the surface of the first electrode 3, and a passivation 
film 43 is formed on the surface of the second electrode 4. As 
a result, the difference in electric potential between the first 
electrode 3 and the second electrode 4 immediately after the 
concrete has been cast is reduced. 
0147 Thereafter, when chloride ions do not infiltrate the 
site to be measured of the concrete 101 of the concrete struc 
ture 100, and the pH of the concrete 101 drops to about 9, as 
illustrated in FIG. 10B, although the passivation film 33 of the 
first electrode 3 is stable and the self-potential thereof 
changes only slightly, the passivation film of the second elec 
trode 4 begins to disintegrate, and thus the self-potential 
thereof drops (becomes less noble). The difference in electric 
potential between the first electrode 3 and the second elec 
trode 4 is thereby sharply increased. As a result, it is possible 
to detect the fact that the pH of the site to be measured has 
reached about 9. 
0.148. Note that when chloride ions infiltrate the site to be 
measured of the concrete 101 of the concrete structure 100 
before the pH of the concrete 101 drops to about 9, the same 
as with the first example noted previously, the difference in 
electric potential between the first electrode 3 and the second 
electrode 4 becomes larger according to the chloride ion 
concentration. 
I0149 Then, after the pH of the concrete 101 drops to about 
9, when chloride ions infiltrate the site to be measured of the 
concrete 101 of the concrete structure 100, as shown in FIG. 
10C, a deficit part 331 is formed piercing the passivation film 
22 of the first electrode 3, so as to have gap corrosion of the 
first electrode 3 occur. As a result, the self-potential of the first 
electrode 3 becomes less noble (decreases). At this time, the 
self-potential for both the first electrode 3 and the second 
electrode 4 decreases, so the difference in electric potential 
between the first electrode 3 and the second electrode 4 
becomes Smaller. As a result, it is possible to detect that 
chloride ions have infiltrated the site to be measured. 
0150. With the sensor device 1 of the first embodiment like 
that described above, a local gap G is formed between the first 
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electrode 3 and the gap forming member 8, so even in a state 
when the chloride ion concentration of the site to be measured 
is relatively low so that corrosion of the second electrode 4 
due to chloride ions does not occur, it is possible to have 
corrosion of the first electrode 3 occur using gap corrosion. 
For that reason, even when the chloride ion concentration of 
the site to be measured is in a relatively low state, a difference 
in electric potential between the first electrode 3 and the 
second electrode 4 occurs, and it is possible to detect the 
infiltration of chloride ions based on this difference in electric 
potential. 

MODIFICATION EXAMPLE 

0151. Note that the mode of the through-groove 81 of the 
gap forming member 8 is not limited to the item described 
above, and for example it is possible to use a gap forming 
member having a through-groove or a through-hole Such as 
that shown in FIGS. 11A, 11B and 11C instead of the gap 
forming member 8. 
0152 The gap forming member 8X1 shown in FIG. 11A 
has a plurality of through-grooves 81X1 extending in parallel 
to each other. The first electrode 3 of the sensor device 1X1 
equipped with this kind of gap forming member 8X1 for 
example has a recess formed by etching with the gap forming 
member 8X1 as the mask, and as a result, a gap is formed for 
which gap corrosion of the first electrode 3 can occur. 
0153. The gap forming member 8X2 shown in FIG. 11B 
has a plurality of through-grooves 81X2 extending in parallel 
to each other in the direction orthogonal to the aforemen 
tioned through-grooves 81X1. The first electrode 3 of the 
sensor device 1X2 equipped with this kind of gap forming 
member 8X2 for example has a recess formed by etching with 
the gap forming member 8X2 as the mask, and as a result, a 
gap is formed for which gap corrosion of the first electrode 3 
Cal OCC. 

0154) The gap forming member 8X3 shown in FIG. 11C 
has a plurality of through-grooves 81X3 forming a shape that 
combines the aforementioned plurality of through-grooves 
81X1 and the aforementioned plurality of through-grooves 
81X2, in other words, forming a grid shape. The first elec 
trode 3 of the sensor device 1X3 equipped with this kind of 
gap forming member 8X3 for example has a recess formed by 
etching with the gap forming member 8X3 as the mask, and as 
a result, a gap is formed for which gap corrosion of the first 
electrode 3 can occur. 

Second Embodiment 

0155 The following is a description of a second embodi 
ment of the present invention. 
0156 FIG. 12 is a drawing illustrating an example of the 
state of use of a sensor device according to a second embodi 
ment of the present invention. 
0157. The following description of the second embodi 
ment focuses on the points of difference with the embodiment 
described above, and omits a description of any similar mat 
terS. 

0158. The sensor device of the second embodiment is 
substantially similar to the sensor device of the first embodi 
ment, except in that the number of the first electrode and the 
second electrode is different. Constituent elements which are 
similar to the embodiment described above have been 
assigned like reference numerals. 
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0159. A sensor device sensor device 1A of this embodi 
ment has a main body 2A, as well as a plurality of first 
electrodes 3a, 3b, 3c and a plurality of second electrodes 4a, 
4b, 4c exposed to the surface of the main body 2A. 
(0160. In this embodiment, the first electrodes 3a, 3b, 3c 
and the second electrodes 4a, 4b, 4c are provided mutually 
spaced apart. Also, the first electrodes 3a, 3b, 3c and the 
second electrodes 4a, 4b, 4c are each installed such that the 
electrode surface becomes perpendicular to or Substantially 
perpendicular to the outer surface of the concrete structure 
1OO. 
(0161 The plurality of first electrodes 3a, 3b, 3c are all at 
mutually different distances from the outer surface of the 
concrete structure 100. Specifically, the plurality of first elec 
trodes 3a, 3b, 3c are provided lined up in the stated order, 
from the outer surface of the concrete structure 100 inward. 
0162 Similarly, the plurality of second electrodes 4a, 4b, 
4c are all at mutually different distances from the outer sur 
face of the concrete structure 100. Specifically, the plurality 
of second electrodes 4a, 4b, 4c are provided lined up in the 
stated order, from the outer surface of the concrete structure 
100 inward. 
(0163. Furthermore, the first electrode 3a and the second 
electrode 4a are installed so as to both be equidistant from the 
outer surface of the concrete structure 100. The first electrode 
3b and the second electrode 4b are installed so as to both be 
equidistant from the outer surface of the concrete structure 
100. The first electrode 3c and the second electrode 4c are 
installed so as to both be equidistant from the outer surface of 
the concrete structure 100. 
(0164. With such first electrodes 3a, 3b, 3c and second 
electrodes 4a, 4b, 4C, the first electrode 3a and the second 
electrode 4a form a pair, the first electrode 3b and the second 
electrode 4b form a pair, and the first electrode 3c and the 
second electrode 4c form a pair. 
0.165. In the present embodiment, the sensor device 1A is 
configured such that the difference in electric potential 
between the first electrode 3a and the second electrode 4a, the 
difference in electric potential between the first electrode 3b 
and the second electrode 4b, and the difference in electric 
potential between the first electrode 3c and the second elec 
trode 4c can each be measured by a functional element (not 
shown). 
0166 According to Such a sensor device 1A according to 
the second embodiment, it is possible to accurately detect 
whether or not the pH and the chloride ion concentration of 
the installation environments of the first electrode 3a and the 
second electrode 4a, the installation environments of the first 
electrode 3b and the second electrode 4b, and the installation 
environments of the first electrode 3c and the second elec 
trode 4c are at or below a prescribed value. That is, it is 
possible to accurately detect whether or not the pH at posi 
tions of different depths from the outer surface of the concrete 
structure 100 is at or below a prescribed value. This makes it 
possible to detect the speed at which the pH of the concrete 
101 is changing toward being more acidic or the speed at 
which the chloride ion concentration is increasing. For this 
reason, it is possible to effectively predict the infiltration of 
neutralization or salt damage in the depth direction of the 
concrete structure 100. 

Third Embodiment 

(0167 Next, we will describe a third embodiment of the 
present invention. 
0168 FIG. 13 is a drawing illustrating an example of the 
state of use of a sensor device according to a third embodi 
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ment of the present invention. FIG. 14 is a perspective view 
for describing the first electrode, the second electrode, and the 
gap forming member illustrated in FIG. 13. FIG. 15 is an 
enlarged side view illustrating the first electrode and the gap 
forming member illustrated in FIG. 14. 
(0169. Following we will describe the third embodiment 
with a focus on the difference points from the previously 
described embodiments, and a description of items that are 
the same will be omitted. 
0170 The sensor device of the third embodiment is almost 
the same as the sensor device of the first embodiment except 
for a difference in the constitution of the first electrode and the 
gap forming member. Note that for like constitutions to those 
of the previously described embodiments, like reference 
numbers are used. 
(0171 As shown in FIG. 13, the sensor device 1B of this 
embodiment has a main unit 2B, and a first electrode 3B and 
second electrode 4 provided on that main unit 2B. 
0172 Also, though omitted in FIG. 13 for convenience of 
illustration, as shown in FIG. 14, the sensor device 1B has a 
gap forming member 8B provided on the first electrode 3B. 
(0173 With this embodiment, the first electrode 3B and the 
second electrode 4 are arranged so that the distance from the 
outer surface of the concrete structure 100 is almost the same 
as the distance between the outer surface of the concrete 
structure 100 and the reinforcing bars 102 (specifically, the 
covering depth of the reinforcing bars 102). 
0.174 As shown in FIG. 14, the first electrode 3B and the 
second electrode 4 are respectively provided on the outer 
surface of the previously described main unit 2B. 
0.175. As shown in FIG. 15, the gap forming member 8B is 
provide forming a gap G1 with a portion of the surface of the 
first electrode 3B. 
0176 With this embodiment, the gap forming member 8B 
forms a quadrangle with a plan view. Note that the plan view 
shape of the gap forming member 8B is not limited to being a 
quadrangle, and for example can also be a circular shape. 
0177. In particular, with this embodiment, the first elec 
trode 3B and the gap forming member 8B each form a plate 
shape or a sheet shape, and in a state overlapping each other, 
the gap forming member 8B is fixed by a fixing member 9 to 
the first electrode 3. As a result, it is possible to easily and 
reliably form the gap G for which gap corrosion of the first 
electrode 3B can occur between the first electrode 3B and the 
gap forming member 8B. 
0.178 To describe this in more detail, the fixing member 9 
has a bolt 91, washers 92 and 93, and a nut 94. 
0179 Then, the first electrode 3B and the gap forming 
member 8B, in a mutually overlapping state, have a through 
hole (not illustrated) formed that pierces both of them, the 
bolt 91 is inserted via the washer 92 from one side in the 
through-hole, and by screwing the nut 94 on the bolt 91 via the 
washer 93 from the other side, the gap forming member 8B is 
fixed to the first electrode 3B by the fixing member 9. 
0180. This kind of bolt 91 and nut 94 have the gap forming 
member 8B locally pressure welded to the first electrode 3B. 
so the part other than the pressure welded part of the gap 
forming member 8 slightly rises in relation to the first elec 
trode 3B, and thus the gap G1 is formed. Note that the washers 
92 and 93 can also be omitted. 
0181. The distance between the first electrode 3B and the 
gap forming member 8B at this gap G1 can be adjusted 
according to the tightening torque of the bolt 91 and the nut 
94. Note that this distance can be set to the same size as the 
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distance between the first electrode 3B and the gap forming 
member 8 at the gap G with the first embodiment described 
previously, specifically, the size for which gap corrosion of 
the first electrode 3B can occur. 
0182. With the sensor device 1B of the third embodiment 
like that described above as well, it is possible to distinguish 
between and measure the change in chloride ion concentra 
tion in the concrete 101 of the concrete structure 100 and the 
change in the pH of the concrete 101, and to use the resulting 
measurement information in planning the preservation of the 
concrete structure 100. 
0183 The preceding is a description of the sensor device 
of the present invention, based on the depicted embodiments, 
but the present invention is in no way limited thereto. 
0.184 For example, the configuration of each of the parts 
in the sensor device of the present invention can be substituted 
with any desired configuration for exerting similar functions, 
and any desired configuration can be added. 
0185. Also, the embodiments described above are descrip 
tions, by way of example, of a case where each of the first 
electrode and the second electrode is provided on the sub 
strate, but there is no limitation thereto, and, for example, the 
first electrode and the second electrode may also be provided, 
for example, on the outer surface of the portion of the main 
body of the sensor device constituted of the sealing resin. 
0186. Further, the embodiments described above are 
descriptions, by way of example, of a case where the first 
electrode and the second electrode each form the shape of a 
thin film, but there is no limitation thereto, and the shapes of 
the first electrode and the second electrode may also each 
form, for example, a block shape, a wire shape, or the like. In 
the embodiments described above, the first electrode and the 
second electrode are each provided along the outer Surface of 
the main body of the sensor device, but the first electrode and 
the second electrode may also each be projected out from the 
outer surface of the main body of the sensor device. In addi 
tion, the installation locations, size (relative sizes), and other 
aspects of the first electrode and the second electrode are also 
not limited by the embodiments described above, and may be 
as desired provided that measurement as described above is 
possible. 
0187. Also, the embodiments described above are descrip 
tions, by way of example, of a case where the functional 
element has a CPU, an A/D conversion circuit, and a differ 
ential amplifier circuit, but there is no limitation thereto, and, 
for example, a ROM, RAM, various types of drive circuits, 
and other, additional circuits may be incorporated into the 
functional element. 
0188 The embodiments described above are descriptions, 
by way of example, of a case where information relating to the 
difference in electric potential between the first electrode and 
the second electrode is transmitted outside the sensor device 
by active tag communication by wireless transmission, but 
there is no limitation thereto, and, for example, passive tag 
communication may be used to transmit the information out 
side the sensor device, or the information may be transmitted 
outside the sensor device by wire. 
0189 The embodiments described above are descriptions, 
by way of example, of a case where the functional element 51, 
the power source 52, the temperature sensor 53, the commu 
nication circuit 54, the antenna 55, and the oscillator 56 are 
housed in the main body 2, and these elements are, together 
with the first electrode 3 and the second electrode 4, embed 
ded in the concrete structure 100, which is the object to be 
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measured, but the functional element 51, the power source 52, 
the temperature sensor 53, the communication circuit 54, the 
antenna 55, and the oscillator 56 may also be provided outside 
the object to be measured. 
0190. The second embodiment described above is a 
description, by way of example, of a case where a bolt and nut 
are used as the fixing members for fixing the gap forming 
member on the first electrode, but this is not limited thereto 
provided it is possible to fix the gap forming member to the 
first electrode while forming a gap for which gap corrosion of 
the first electrode 3 can occur. 

0191). According to the sensor device having such a con 
figuration described in the embodiments, a gap is formed 
locally between the first electrode and the gap forming mem 
ber, so even when the chloride ion concentration of the site to 
be measured is in a relatively low state for which corrosion of 
the second electrode will not occur, it is possible to have 
corrosion of the first electrode occur using the gap corrosion. 
0192 For that reason, even when the chloride ion concen 
tration of the site to be measured is in a relatively low state, a 
difference in electric potential occurs between the first elec 
trode and the second electrode, and it is possible to detect 
infiltration of chloride ions based on this difference in electric 
potential. 
0193 In the sensor device according to the above 
described embodiments, each of the first metallic material 
and the second metallic material is preferably a metallic 
material in which a passivation film is formed on a Surface 
thereofor an existing passivation film on the surface thereof is 
eliminated in association with environmental changes in the 
measurement site. 

0194 Thereby, when the pH of the site to be measured is a 
prescribed value or greater, the passivation film is formed on 
the surface of the first electrode and the second electrode. 

0.195 Here, the passivation film formed on the second 
electrode is not destroyed until the chloride ion concentration 
of the site to be measured is relatively high, and even if local 
damage occurs temporarily, it is regenerated in an environ 
ment for which the pH is a prescribed value or higher. For that 
reason, when the pH of the site to be measured is a prescribed 
value or higher, during the time until the chloride ion concen 
tration of the site to be measured becomes relatively high, a 
state for which the self-potential of the second electrode is 
high (more noble state) is maintained with stability. 
0196. Meanwhile, with the passivation film formed on the 

first electrode, when local destruction occurs temporarily due 
to chloride ions that infiltrate between the first electrode and 
the gap forming member even when the chloride ion concen 
tration of the site to be measured is relatively low, within that 
gap, the concentration of metal ions eluted from the first 
electrode increases, and the concentration of chloride ions 
increases along with that, so there is no regeneration. For that 
reason, when the pH of the site to be measured is a prescribed 
value or higher, when there are no chloride ions in the site to 
be measured, the self-potential of the first electrode in a high 
state (more noble state) is maintained with stability, but when 
chloride ions infiltrate the site to be measured, the first elec 
trode gap corrosion advances, and the self-potential of the 
first electrode decreases (becomes less noble). 
0197) In view of such a fact, it is possible to detect with 
high sensitivity the fact that chloride ions have infiltrated the 
site to be measured based on the difference in electric poten 
tial of the first electrode and the second electrode. 
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0.198. In the sensor device according to the above 
described embodiments, the first metallic material and the 
second metallic material are preferably the same type of 
metallic material. 

0199 Thereby, in a state for which a passivation film is 
formed respectively on the first electrode and the second 
electrode, the difference in electric potential between the first 
electrode and the second electrode is in accordance with the 
chloride ion concentration of the site to be measured. For that 
reason, it is possible to detect with higher sensitivity the fact 
that chloride ions have infiltrated the site to be measured. 

0200. In the sensor device according to the above 
described embodiments, the first metallic material and the 
second metallic material are preferably different metallic 
materials. 

0201 Thereby, the formation or elimination timing of the 
first electrode passivation film can be made different from the 
formation or elimination timing of the second electrode pas 
sivation film. For that reason, it is possible to detect whether 
or not the pH of the site to be detected is a prescribed value or 
lower based on the difference in electric potential between the 
first electrode and the second electrode. 

0202 In the sensor device according to the above 
described embodiments, each of the first metallic material 
and the second metallic material is preferably iron or an 
iron-based alloy. 
0203 Iron or iron-based alloys (iron-based materials) are 
more readily and more inexpensively procured. In a case 
where, for example the sensor device is used to measure the 
state of a concrete structure, then at least one electrode of the 
first electrode and the second electrode can be composed of 
the same material (or material approximate to that) as the 
reinforcing bars inside the concrete structure, and it is pos 
sible to effectively detect the state of corrosion of the rein 
forcing bars inside the concrete structure. 
0204. In the sensor device according to the above 
described embodiments, a recess is preferably formed on the 
Surface of the first electrode, and the gap forming member 
preferably covers the recess with the gap being formed 
between a wall Surface of the recess and the gap forming 
member, and includes a through-hole or through-groove con 
necting to the recess. 
0205 Thereby, it is possible to easily and reliably form a 
gap for which first electrode gap corrosion can occur between 
the first electrode and the gap forming member. 
0206. In the sensor device according to the above 
described embodiments, each of the first electrode and the 
gap forming member preferably has a plate shape or a sheet 
shape, and the gap forming member is preferably fixed to the 
first electrode in a mutually overlapping state using a fixing 
member. 

0207. Thereby, it is possible to easily and reliably form a 
gap for which first electrode gap corrosion can occur between 
the first electrode and the gap forming member. 
0208. In the sensor device according to the above 
described embodiments, the gap forming member is prefer 
ably composed of a material with insulating properties. 
0209. Thereby, it is possible to prevent adverse effects by 
the gap forming member on the self-potential of the first 
electrode. For that reason, designing of the first electrode and 
the gap forming member is easy. 
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0210. In the sensor device according to the above 
described embodiments, the gap forming member is prefer 
ably composed of the same type of metallic material as the 
first metallic material. 
0211. Thereby, it is possible to prevent adverse effects by 
the gap forming member on the self-potential of the first 
electrode. For that reason, designing of the first electrode and 
the gap forming member is easy. 
0212. In the sensor device according to the above 
described embodiments, the gap forming member preferably 
has alkaline resistant properties. 
0213. Thereby, even when the site to be measured is con 
crete, it is possible for the gap forming member to have 
excellent durability. For that reason, it is possible to measure 
the concrete state with stability over a long period. 
0214. In the sensor device according to the above 
described embodiments, a distance between the gap forming 
member and the first electrode at the gap is preferably 1 um or 
greater and 100 um or less. 
0215. Thereby, it is possible to have gap corrosion of the 

first electrode occur. 
0216. In the sensor device according to the above 
described embodiments, the functional element is preferably 
configured and arranged to detect whether or not a pH or a 
chloride ion concentration at the measurement site is at or 
below a prescribed value based on the difference in electric 
potential between the first electrode and the second electrode. 
0217. This makes it possible to detect the changes in state 
of an object to be measured which accompany changes in the 
pH or chloride ion concentration thereof. 
0218. The sensor device according to the above described 
embodiments preferably further includes an antenna, and a 
communication circuit configured and arranged to provide 
power to the antenna. The functional element is preferably 
further configured and arranged to drive and control the com 
munication circuit. 
0219. This makes it possible to wirelessly transmit mea 
surement results to the outside of the object to be measured. 

General Interpretation of Terms 
0220. In understanding the scope of the present invention, 
the term “comprising and its derivatives, as used herein, are 
intended to be open ended terms that specify the presence of 
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the stated features, elements, components, groups, integers, 
and/or steps, but do not exclude the presence of other unstated 
features, elements, components, groups, integers and/or 
steps. The foregoing also applies to words having similar 
meanings Such as the terms, “including”, “having and their 
derivatives. Also, the terms “part.” “section.” “portion.” 
“member or "element' when used in the singular can have 
the dual meaning of a single part or a plurality of parts. 
Finally, terms of degree such as “substantially”, “about' and 
“approximately as used herein mean areasonable amount of 
deviation of the modified term such that the end result is not 
significantly changed. For example, these terms can be con 
strued as including a deviation of at least +5% of the modified 
term if this deviation would not negate the meaning of the 
word it modifies. 

0221) While only selected embodiments have been chosen 
to illustrate the present invention, it will be apparent to those 
skilled in the art from this disclosure that various changes and 
modifications can be made herein without departing from the 
Scope of the invention as defined in the appended claims. 
Furthermore, the foregoing descriptions of the embodiments 
according to the present invention are provided for illustra 
tion only, and not for the purpose of limiting the invention as 
defined by the appended claims and their equivalents. 

What is claimed is: 

1. A sensor device comprising: 
a first electrode composed of a first metallic material; 
a second electrode spaced apart from the first electrode, 

and composed of a second metallic material; 
a gap forming member arranged with a gap being formed 

between the gap forming member and a portion of a 
surface of the first electrode; and 

a functional element configured and arranged to measure a 
difference in electric potential between the first elec 
trode and the second electrode so that a state of a mea 
Surement site to be measured is measured based on the 
difference in electric potential as measured by the func 
tional element. 


