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(57) ABSTRACT

A resistor which is able to have a reduced thickness for an
insulating substrate and in which occurrence of cracking is
able to be suppressed during production of the insulating
substrate, the production of the resistor and mounting of the
substrate, and in which the safety of a medical device is
increased by forming the insulating substrate using a bio-
compatible material; and a temperature sensor are provided.
This resistor is provided with: an insulating substrate that
has a bending strength of 690 MPa or more and a thickness
of 10 to 100 pm; a resistive film that is formed on the
insulating substrate; at least a pair of electrode layers, that
are electrically connected to the resistive film; and a pro-
tective film that covers a region where the resistive film is
formed, while forming exposure portions so that at least
parts of the electrode layers are exposed therein.

SUBSTRATE FABRICATION
PROCESS (OUTLINE)

MATERIAL

MIX RAW | _

St

CALCINATE

52

[

PULVERIZE"|

83

KNEAD

~.__ 54

FORM
SHEET

.55

DRY

~._.56

CUT
SHEET

=~ .57

SINTER

~—-58

GRIND

~—=58

INSPECT

™~-—510




Patent Application Publication

Feb. 14,2019 Sheet 1 of 7 US 2019/0049316 A1

-
FIG%1
s & Z §_ < n o
L
| N2

FIG. 2



Patent Application Publication  Feb. 14,2019 Sheet 2 of 7 US 2019/0049316 Al

SUBSTRATE FABRICATION
PROCESS (OUTLINE)

MIX RAW J 59
MATERIAL| ~—

CALCINATE ™~_. 52

PULVERIZET~__S3

KNEAD T~ 54

FORM

SHEET | ~—%°

DRY T ~—75S6

SHEET T %/

SINTER T ~—38

GRIND T ~—359

INSPECT T ™~—5810

FIG. 3



Patent Application Publication  Feb. 14,2019 Sheet 3 of 7 US 2019/0049316 Al

CRYSTALLINE SYSTEM
SAMPLH CRYSTAL BENDING POSSIBILITY OF
No. MATERIAL  |PURITY [%] STATE STRENGTH [MPe] A
1 |QUARTZ sioz | 100 |AMORPHOUS 95 X
‘ SINGLE
2 ISILICON Si 100 S%EEE %ED 78 x
3 SAPPHIRE AL203 100 § TO C-AXIS 350 X
PERPENDICULAR|
4 |SAPPHIREAL0s| 100 | 8|PFIEDICEe 690 0
8 [PARALLEL TO
5 [SAPPHIRE AL20z| 100 A 1035 O
CERAMIC
SINTERED \

SAIIYIE LB MATERIAL  |PURITY[%]APPEARANCH ;ﬁ%&?ﬁ Lum]| 20 [Pl "?ﬁ%%;%gog
1| ALUMINA AL:0s | 9990 | 280 30 300 X
2 ALUMINA AL203 9990 |DENSENESS 15 400 X
3 ALUMINA AL20s 99.90 |DENSENESS 5 660 x

SILICON
4 NIIRDE ~ SiNe 99.90 | DENSENESS 2 900 O
5 ZIRCONIA 7r02 3%Y | DENSENESS 05 1200 O
6 SIALON SisNe-Az0z| — | DENSENESS - 880 0
RELATIONSHIP BETWEEN PARTICLE
— DIAMETER AND BENDING STRENGTH
%" 1400
200
= Y
&} 000
5 Qoo \
Qf( UV
5 666 S
S 406 \.
E 200 e
% T 8 T 1
0.1 1 10 100
PARTICLE DIAMETER (#m)

FIG. 6



Patent Application Publication  Feb. 14,2019 Sheet 4 of 7 US 2019/0049316 Al

FIG. 7A FIG. 7B



Patent Application Publication  Feb. 14,2019 Sheet 5 of 7 US 2019/0049316 Al

NN “ N2

/

t /4 1

' '

[} ]

[} B B Finluininiialaialel 12 U e L & Eniataleiiint ol 1

1 4 v b H '

1 £ (B [ &} b 1
HiI LI B A h (| ER ¥ i
1 ¥ tah et ] IR L
HE R M LR 1 ] IRIN
HIE ¥ b et ¥ IR
1 N t b h 1 ¥ 1

H Ty 1 * 1
: ' ' '
' P 1 ' ' 3d
: i i : : AT
P : B i : i
3c : o . : .
* ty v N '
¥ T h 1 1 1
1 1 ah 1 ] !
1 Ty 1 ¥ 1
H b 1 ' 1
il s * ty ' t '
i 3] 1 i
¥ 1
i o e wnwd :; M ---'.-....% u
M j )
' | S S, 24t mmmgmm—m 3
' \
“

312" 38 B 3 %
2



Patent Application Publication  Feb. 14,2019 Sheet 6 of 7 US 2019/0049316 Al

31b

I b
|

5
312 3a Q
3d

3 2

I 7 ]
1 ] L} 1
1 L} 1 1
1 || [ Fir==r==—-=-==- 1 1 1
1 L} o i 1 1 1
1 1 L] LI 1 1 1
I Frffqr-—-——---1 1 -y G 1
1 1 Lafr [ 1 1 1
1 1 T i 1 1 1
1 1 P i 1 1 1 1
i i Colfi I |
: : i 1Bk v 3d
1 1 Tafe [ 1 [ 1~
1 1 Lafr i 1 1 1
P : N {1k :
30 1 ] " i v 1 1
1 1 e ] 1 1
1 1 n | [ 1
1 1 L] LI 1 1
1 1 (L 1 L] 1
1 1 mL | 1 1
1 1 vl fr ' 1
i n o I A A
! AL E
' ,'l ......... 4 .l....-.‘|....J -:
II
M
) ! ;1

312" 3 B anp Lj
2



Patent Application Publication  Feb. 14,2019 Sheet 7 of 7 US 2019/0049316 Al

10

2, T A ;
S iy

o A

Zvwa,
A T Lk
T



US 2019/0049316 A1

RESISTOR AND TEMPERATURE SENSOR

TECHNICAL FIELD

[0001] The present invention relates to a resistor and a
temperature sensor of which a thickness can be reduced.

BACKGROUND ART

[0002] An electronic component such as a heat-sensitive
resistive element is used, as a resistor, for information
communication devices such as moving body communica-
tion tenninals or personal computers, as well as electronic
devices such as wearable devices, medical devices. con-
sumer devices, or automobile electrical devices.

[0003] Recently, a reduction in a thickness of such elec-
tronic devices has been required, and development of elec-
tronic components having a small thickness has been under
development due to limitation of a thickness dimension of
the electronic devices.

[0004] For example, Patent Literature 1 describes a thin
film thermistor using a ceramic substrate having a thickness
dimension of 50 pm to 300 pm in a chip resistor to be
mounted on a board. Patent Literature 2 describes a chip
resistor having a thickness dimension of 60 pm to 150 pm.
On the other hand, Patent Literature 3 mentions a problem
that, when a ceramic substrate in which an insulating sub-
strate has a thickness dimension of 30 pm to 100 pm is used,
the substrate may break at the time of fabricating a chip
component. Therefore, even when a chip resistor having a
thickness dimension of 60 um according to Patent Literature
2 can be formed, there is concern that the substrate may
break, a problem such as cracks at the time of mounting of
the board occurring, and a product with extremely low
reliability being obtained.

[0005] Due to this, it is preferable to use an extremely thin
substrate having a thickness dimension of 100 um or less so
that the substrate does not break at the time of fabricating a
chip component, and to fabricate a chip resistor and a
heat-sensitive resistor using an insulating substrate formed
of, for example, a ceramic material of which the reliability
such as the stability or heat resistance is high.

[0006] On the other hand, in a resistor and a heat-sensitive
resistor that are used for a wearable device that monitors
biological information, a catheter that is a medical device, or
the like, it is required for the resistor and the heat-sensitive
resistor to be formed of a material for which biocompatibil-
ity is taken into consideration regarding a material to be used
when there is a high risk of exposure of the resistor and the
heat-sensitive resistor inside a living body.

[0007] When a part of the heat-sensitive resistor is formed
of a biocompatible material, direct contact with a living
body is possible, and an effect that accurate temperature
detection of the living body is possible can be expected.

CITATION LIST

Patent Literature

[0008] Patent Literature 1: Japanese Patent No. 4871548
[0009] Patent Literature 2: Japanese Patent No. 5663804
[0010] Patent Literature 3: Japanese Unexamined Patent

Application Publication No. 4-6804

[0011] Patent Literature 4: Japanese Unexamined Patent
Application Publication No. 2004-140285
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SUMMARY OF INVENTION

Technical Problem

[0012] However, an insulating substrate formed of a
ceramic material is hard and brittle. When a thickness of an
insulating substrate is reduced, there is concern that the
insulating substrate may break and a problem that a yield is
reduced in a polishing process when the insulating substrate
is fabricated and a process of fabricating the resistor. Fur-
ther, there is concern that a problem such as cracking when
the insulating substrate is mounted on a board (a circuit
board) may occur.

[0013] Therefore, for example, it is technically difficult to
fabricate an insulating substrate having a thin form with a
thickness dimension of 100 pum or less, and selecting a
material for the insulating substrate with which cracking can
be suppressed and which has high strength is becoming an
important issue.

[0014] The present invention has been made in view of the
above problems, and an object of the present invention is to
provide a resistor and a temperature sensor in which a
thickness of an insulating substrate is able to be reduced, and
occurrence of cracking is able to be suppressed at the time
of fabricating of the resistor, at the time of fabricating the
insulating substrate and at the time of mounting the sub-
strate.

[0015] Further, another object of the present invention is
to improve the safety of a medical device by forming a
resistor and a temperature sensor that are used for a wearable
device that monitors biological information, a catheter that
is a medical device, or the like, using a material taking
biocompatibility into account.

[0016] Further, another object of the present invention is
to provide a temperature sensor capable of coming in direct
contact with a living body by forming a part of a resistor
using a biocompatible material and of accurate temperature
detection of a living body.

Solution to Problem

[0017] A resistor described in claim 1 is characterized in
that the resistor includes an insulating substrate having a
bending strength of 690 MPa or more and a thickness
dimension of 10 pm to 100 um; a resistive film formed on
the insulating substrate; at least a pair of electrode layers
electrically connected to the resistive film; and a protective
film that covers a region in which the resistive film is
formed, and has exposed portions formed to expose at least
a part of each of the electrode layers.

[0018] According to such an invention, a thickness of the
insulating substrate can be reduced, and occurrence of
cracks can be suppressed. Note that the resistor may include
a resistive film irrespective of its characteristics. Examples
of the resistor include a resistor only having electrical
resistance, and a thermistor having a negative temperature
coeflicient or a positive temperature coefficient.

[0019] The resistor described in claim 2 is the resistor
according to claim 1 characterized in that the insulating
substrate is formed of a ceramic material.

[0020] The resistor described in claim 3 is the resistor
according to claim 1 characterized in that the insulating
substrate is formed of a single crystal material.
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[0021] The resistor described in claim 4 is the resistor
according to claim 2 characterized in that an average particle
diameter after sintering of the ceramic material is 0.1 um to
4 um.

[0022] The resistor described in claim 5 is the resistor
according to claim 2 or 4 characterized in that a void fraction
of the ceramic material after sintering is 3% or less.
[0023] The resistor described in claim 6 is the resistor
according to claim 2, 4, or 5 characterized in that the ceramic
material is zirconia, silicon nitride, or alumina, or a mixture
including at least one of these materials.

[0024] The resistor described in claim 7 is the resistor
according to claim 3 characterized in that the single crystal
material is sapphire, and a direction of a crystal axis thereof
is perpendicular or parallel to a C-axis.

[0025] The resistor described in claim 8 is the semicon-
ductor device according to any one of claims 1 to 7 char-
acterized by including a pair of external electrodes con-
nected to the exposed portion of the electrode layer and
formed to cover an end portion of the insulating substrate.
[0026] A temperature sensor described in claim 9 is char-
acterized in that a temperature sensor includes a flexible
wiring board; and a resistor in which an insulating substrate
according to any one of claims 1 to 8§ mounted on the flexible
wiring board is formed of a biocompatible material.
[0027] The biocompatible material in the insulating sub-
strate is not limited to a specific material. For example,
zirconia, alumina, or a mixture of at least one of these can
be suitably used.

[0028] Further, a mounting form of the resistor on the
flexible wiring board is not particularly limited. For
example, it is possible to mount the resistor on a surface of
the flexible wiring board or mount the resistor such that it is
built into the flexible wiring board.

[0029] A temperature sensor described in claim 10
includes: a flexible wiring board; and the resistor according
to claim 9 mounted on the flexible wiring board, the insu-
lating substrate being exposed to the outside.

Advantageous Effects of Invention

[0030] According to the present invention, it is possible to
provide a resistor and a temperature sensor in which a
thickness of an insulating substrate is able to be reduced and
occurrence of cracking is able to be suppressed.

[0031] Further, when the resistor and the temperature
sensor are foiined of a biocompatible material, safety can be
enhanced and accurate temperature detection of a living
body can be performed.

BRIEF DESCRIPTION OF DRAWINGS

[0032] FIG. 1 is a plan view illustrating a resistor accord-
ing to a first embodiment of the present invention.

[0033] FIG. 2 is a cross-sectional view illustrating the
same resistor.
[0034] FIG. 3 is a flowchart illustrating an outline of a

process of fabricating an insulating substrate.

[0035] FIG. 4 is a table illustrating evaluation results of a
crystalline material.

[0036] FIG. 5 is a table illustrating evaluation results of a
ceramic material.

[0037] FIG. 6 is a graph illustrating a relationship between
an average particle diameter after sintering and a bending
strength of the ceramic material.
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[0038] FIG. 7 is a photograph illustrating observation of a
ceramic material after sintering using an electron micro-
scope.

[0039] FIG. 8 is a cross-sectional view and a plan view

illustrating a resistor according to a second embodiment of
the present invention.

[0040] FIG. 9 is a cross-sectional view and a plan view
illustrating a resistor according to the second embodiment.
[0041] FIG. 10 is a perspective view illustrating a tem-
perature sensor according to a third embodiment of the
present invention.

[0042] FIG. 11 is a cross-sectional view taken along a line
Y-Y in FIG. 10.

DESCRIPTION OF EMBODIMENTS

[0043] Hereinafter, a resistor according to a first embodi-
ment of the present invention will be described with refer-
ence to FIGS. 1 to 7. FIGS. 1 and 2 illustrate the resistor, and
FIG. 3 schematically illustrates an example of a process of
fabricating an insulating substrate. FIGS. 4 to 6 illustrate
evaluation results for reducing a thickness of the insulating
substrate, and FIG. 7 illustrates an example of an electron
microscope photograph of the insulating substrate. In the
respective drawings, the scale of each member is appropri-
ately changed for the sake of description in order to cause
each member to have a recognizable size.

[0044] As illustrated in FIGS. 1 and 2, the resistor 1
includes an insulating substrate 2, a pair of electrode layers
3a and 34, a resistive film 4, and a protective film 5.
[0045] In the embodiment, the resistor 1 is a heat-sensitive
resistive element and is a thin film thermistor. Note that the
resistor may include a resistive film irrespective of its
characteristics. Examples of the resistor may include a
resistor only having electrical resistance, and a thermistor
having a negative temperature coeflicient or a positive
temperature coefficient.

[0046] The resistor 1 is formed in a substantially rectan-
gular parallelepiped shape, and has a lateral dimension of
1.0 mm, a longitudinal dimension of 0.5 mm, and a total
thickness dimension of 40 um. The shape and the size are not
particularly limited, and can be appropriately selected
depending on a use of the resistor 1.

[0047] The insulating substrate 2 has a substantially rect-
angular shape and is formed using a ceramic material such
as insulating zirconia, silicon nitride, alumina, or a mixture
of at least one of these materials. This insulating substrate 2
is formed to have a thickness dimension of 50 um or less,
specifically, 10 pm to 50 um, and preferably 30 um or less.
Further, a bending strength of the insulating substrate 2 is
690 MPa or more, and an average patrticle diameter of the
insulating substrate 2 after the ceramic material is sintered is
0.1 um to 4 pm.

[0048] Further, zirconia, alumina, and composites thereof
have been used as dental materials, and are materials for
which biocompatibility has been confirmed. Therefore, for
example, zirconia, alumina, or a mixture of at least one of
these materials can be suitably used as a biocompatible
material of the insulating substrate in the resistor 1 that is
used for a wearable device that monitors biological infor-
mation, a catheter that is a medical device, or the like.
[0049] Note that, as will be described in detail below, the
present inventors conducted various investigations and
selection work in the development process, focused on a
bending strength of the insulting substrate 2, and found that
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as a condition for fabricating the insulating substrate 2 so
that a thickness dimension thereof was 50 um or less, a value
of a bending strength had to be 690 MPa or more.

[0050] The pair of electrode layers 3@ and 35 are formed
on the insulating substrate 2, are portions to which the
resistive film 4 1s electrically connected, and are arranged to
face each other with a predetermined interval therebetween.
Specifically, the pair of electrode layers 3a and 3b are
formed by &liming a thin metal film using a sputtering
method, and as a metal material thereof, a noble metal such
as platinum (Pt), gold (Auw), silver (Ag), palladium (Pd), or
ruthenium (Ru), or an alloy thereof such as an Ag—Pd alloy
is used.

[0051] These noble metals and alloys thereof are used as
dental materials and the biocompatibility thereof has been
confirmed.

[0052] Note that in the embodiment, the electrode layers
3a and 35 are formed under the resistive film 4, but may be
formed on or in the resistive film 4.

[0053] The resistive film 4 is a thermosensitive thin film
and is a thin film thermistor formed of an oxide semicon-
ductor having a negative temperature coefficient. The resis-
tive film 4 is formed on the electrode layers 3a and 35 using
a sputtering method to straddle the electrode layers 3@ and
3b, and is electrically connected to the electrode layers 3a
and 3b.

[0054] The resistive film 4 is formed of two or more
elements selected from transition metal elements such as
manganese (Mn), nickel (Ni), cobalt (Co), and iron (Fe), and
is formed of a thermistor material containing a composite
metal oxide having a spinel structure as a main component.
Further, subcomponents may be included, for example, for
improvement of characteristics. A composition and contents
of the main component and subcomponents can be appro-
priately determined according to desired characteristics.
[0055] When a resistor is used for a wearable device that
monitors biological information, a catheter that is a medical
device, or the like, it is preferable to use noble metals of
which biocompatibility has been confirmed as the material
of the resistive film.

[0056] In this case, a noble metal such as platinum (Pt),
gold (Au), silver (Ag), palladium (Pd), ruthenium (Ru), or
an alloy thereof such as an Ag—Pd alloy may be used for a
metal material for the resistive film. In the case of an oxide,
a ruthenium oxide that is an oxide of a noble metal, or the
like can be used.

[0057] When the resistive film is a thin heat-sensitive film,
platinum (Pt) as a noble metal, silicon carbide (SiC) as a
ceramic semiconductor, silicon nitride (SiN), a mixture
thereof, or the like can be used as a material of the resistive
film.

[0058] The protective film 5 covers a region in which the
resistive film 4 is formed, and has exposed portions 31a and
315 formed to expose at least a part of each of the electrode
layers 3a and 35 to cover the electrode layers 3a and 35. The
protective film 5 can be formed by forming silicon dioxide,
silicon nitride, or the like using a sputtering method, or by
forming lead glass, borosilicate glass, lead borosilicate
glass, or the like using a printing method.

[0059] When the resistor is used for a wearable device that
monitors biological information, a catheter that is a medical
device, or the like, it is preferable to use a biocompatible
glass as the material of the protective film. An example of
the biocompatible glass includes calcium phosphate glass.

Feb. 14, 2019

Further, it is preferable to use glass that does not contain
harmful lead (Pb) or cadmium (Cd).

[0060] Next, an example of a process of fabricating the
insulating substrate 2 will be described with reference to
FIG. 3. FIG. 3 is a flowchart illustrating an outline of a
fabricating process.

[0061] As illustrated in FIG. 3, the process of fabricating
the insulating substrate 2 includes a process of combining
and mixing ceramic powders in certain proportions (raw
material mixing process (S1)), a process of oxidizing a raw
material and sintering the raw material at a lower tempera-
ture than in main calcining (sintering process (S2)), a
process of pulverizing the raw material to a predetermined
particle diameter (pulverizing process (S3)), a process of
mixing the pulverized raw material and a small amount of
liquid in a slurry state (kneading process (S4)), a process of
forming a green sheet (sheet forming process (S5)), a
process of drying the green sheet (drying process (56)), a
process of cutting the green sheet to a working size (sheet
cutting process (S7)), a process of heating the cut ceramic
material (sintering process (S8)), a process of grinding the
sintered ceramic material to form a substrate having a
predetermined thickness dimension (grinding process (S9)),
and a process of inspecting, for example, the dimensions or
whether chipping is present (inspection process (S10)).
[0062] Here, an average particle diameter of the ceramic
material after the sintering process (S8) is 0.1 um to 4 pum,
and a thickness dimension of the substrate after polishing in
the grinding process (59) is 10 uM to 50 pm.

[0063] Note that each of the above process is not particu-
larly limited, and the insulating substrate 2 may be formed
to have an average particle diameter after sintering of 0.1 pm
to 4 um and a thickness dimension of 10 pm to 50 um.
[0064] Subsequently. in FIGS. 4 to 6, evaluation results
when the insulating substrate 2 of which a thickness can be
reduced and in which the occurrence of cracks can be
suppressed was fabricated will be described. FIG. 4 is a table
illustrating evaluation results of crystalline materials, and
FIG. 5 is a table illustrating evaluation results of ceramic
materials. FIG. 6 is a graph illustrating a relationship
between a particle diameter and bending strength in the
ceramic material.

EXAMPLE 1

[0065] FIG. 4 illustrates evaluation results as to whether or
not an insulating substrate having a thickness dimension of
50 um can be manufactured with respect to crystalline
materials. Among a large number of samples, the main
results of various observations and measurements are illus-
trated in Sample No. 1. to No. 3.

[0066] As illustrated in FIG. 4, evaluation results that an
insulating substrate having a thickness dimension of 50 pm
could be fabricated were obtained for No. 4 and No. 5
samples. No. 4 is sapphire, and has a crystal state of a single
crystal and a direction of a crystal axis perpendicular to a
C-axis. Further, a bending strength of this sapphire was 690
MPa. No. 5 is also sapphire, and has a crystal state of a single
crystal, and a direction of a crystal axis parallel to the C-axis.
Further, a bending strength of this sapphire is 1035 MPa.
[0067] From such evaluation results, it was confirmed that
an insulating substrate having a thickness dimension of 50
um or less can be manufactured as long as the bending
strength has a value of 690 MPa or more. Specifically, the
present inventor has succeeded in fabrication of a 30 pm
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insulating substrate using sapphire having a bending
strength of 690 MPa, and fabrication of a resistor using this
substrate.

[0068] Further, since components of the sapphire are the
same as those of alumina, sapphire is a material of which
biocompatibility has been confirmed.

EXAMPLE 2

[0069] FIG. 5illustrates evaluation results as to whether or
not an insulating substrate having a thickness dimension of
50 um can be manufactured with respect to ceramic mate-
rials. Six samples which are No. 1 to No. 6 are illustrated.
[0070] As illustrated in FIG. 5, evaluation results that an
insulating substrate having a thickness dimension of 50 pm
can be fabricated were obtained for samples of No. 4, No. 5,
and No. 6. No. 4 is silicon nitride, and has an average
particle diameter after sintering of 2 um and a bending
strength of 900 MPa. No. 5 is zirconia, and has an average
particle diameter after sintering of 0.5 um, and a bending
strength of 1200 MPa. No. 6 is a sialon and has bending
strength of 880 MPa.

[0071] From such evaluation results, it was confirmed that
an insulating substrate having a thickness dimension of 50
pm or less could be fabricated as long as the bending
strength has a value of 690 MPa or more on the basis of the
evaluation result of Example 1.

[0072] In this case, as illustrated in FIG. 6, it can be seen
that the bending strength and the average particle diameter
after sintering have a correlation. That is, the bending
strength increases as the average particle diameter after
sintering decreases.

[0073] FIG. 6 is a graph illustrating a relationship between
the average particle diameter after sintering and the bending
strength, on the basis of the evaluation result of FIG. 5. A
horizontal axis indicates particle diameter (um), and a ver-
tical axis indicates the bending strength (MPa). Since the
bending strength increases as the particle diameter
decreases, and, as described above, the particle diameter at
which the bending strength becomes 690 MPa or more is 4
pm or less from the evaluation result of FIG. 5 and the graph
of FIG. 6, and a particle diameter at which sintering is
possible has a lower limit of 0.1 um, a specific range of 0.1
um to 4 um can be obtained.

[0074] The bending strength of general alumina is 400
MPa or less. A limit for the dimension of a thickness that can
be processed in this case is about 100 um. Further, in
alumina having a bending strength of 660 MPa, the limit is
70 pm. The present inventors have succeeded in fabrication
of a 30 um insulating substrate using zirconia having a
bending strength of 1200 MPa and fabrication of a resistor
using this substrate.

[0075] FIG. 7 illustrates observation of the ceramic mate-
rials after sintering using an electron microscope. FIG. 7(a)
is a photograph of the zirconia of No. 5 and FIG. 7(b) is a
photograph of the alumina of No. 3. It can be seen that the
zirconia of No. 5 has a small void (a black part on the
photograph) in contrast to the alumina of No. 3. Therefore,
it is necessary that there are few defects and it is preferable
for a void fraction to be 3% or less in order to increase the
bending strength.

[0076] As described above, according to the embodiment,
it is possible to provide the resistor 1 in which the thickness
of the insulating substrate 2 can be reduced and occurrence
of cracks can be suppressed.
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[0077] 1In a case where the insulating substrate 2 is fabri-
cated in a thin shape having a thickness dimension of 100
um or less, there is concern that the insulating substrate 2
may be easily bent when the bending strength is low, and a
problem arise in that the resistance of the resistive film 4
changes when the insulating substrate 2 is deformed. There-
fore, it is preferable for the insulating substrate 2 that is used
for the resistor 1 to have a high bending strength.

[0078] Next, a resistor according to a second embodiment
of the present invention will be described with reference to
FIGS. 8 and 9. Note that in each of the following embodi-
ments, parts that are the same as or correspond to those in
the first embodiment are denoted with the same reference
numerals, and repeated descriptions thereof will be omitted.
[0079] As illustrated in F1G. 8, the resistor 1 of the second
embodiment has basically the same configuration as the
resistor 1 of the first embodiment. In the second embodi-
ment, the resistor 1 includes a pair of external electrodes 3¢
and 34 formed on an insulating substrate 2 and connected to
exposed portions 31a and 315 of electrode layers 3a and 34.
The external electrodes 3¢ and 34 are formed of copper (Cu).
Further, a thickness dimension is 6 pm to 10 um.

[0080] When the resistor 1 is built into and mounted on a
circuit board, it is preferable for a thickness dimension of the
external electrodes 3¢ and 34 (not illustrated) to exceed a
thickness dimension of a protective film 5. The external
electrodes 31a and 315 function as stopper layers for pro-
tecting, for example, an internal electrode or a second
internal electrode from impact from a laser beam when a via
is formed using laser beam etching in a case in which the
resistor 1 is mounted, and good connectivity to a wiring
layer of the circuit board can be obtained.

[0081] Further, using a method of building the resistor 1
into the circuit board, the resistor 1 may be embedded in an
insulator of the circuit board, and then, vias may be formed
in an insulating layer covering the chip resistor 1 through
radiation of a laser beam such that the external electrodes 3¢
and 34 are exposed and connected to external wirings, and
it is preferable for the external electrodes 3¢ and 3d to be as
large as possible in order to form the vias.

[0082] Further, as illustrated in FIG. 9, a pair of external
electrodes 3¢ and 34 may be formed to be connected to the
exposed portions 31a and 315 of the electrode layers 3a and
3b and to cover an end portion of the insulating substrate 2.
The external electrodes 3¢ and 3d are formed of a copper
(Cu) material and have a substantially U-shaped cross
section, and a thickness dimension thereofis 6 um to 10 pum.
According to such a configuration, for example, it is easy for
the resistor 1 to be mounted in a face-down or face-up form.
[0083] Note that when the external electrodes 3¢ and 34
are formed as thin films, the external electrodes 3¢ and 3d
may be formed in a multilayer structure in which titanium
(Ti), platinum (Pt), and gold (Au) are laminated.

[0084] When the resistor 1 is used for a wearable device
that monitors biological information, a catheter that is a
medical device, or the like, it is preferable for electrode
materials thereof to be formed of a material of which
biocompatibility has been confirmed.

[0085] Further, this electrode configuration can be formed
to be extremely thin. A thickness dimension of titanium (Ti)
is 0.02 pm, a thickness dimension of platinum (Pt) is 0.2 pum,
and a thickness dimension of gold (Au) is 0.2 um. The
electrode configuration can be formed as a very thin elec-
trode having a total thickness of multiple layers of 0.5 pm or
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less. A 1 um or less electrode configuration like this is the
best configuration when the thin substrate of the present
invention is used.

[0086] Further, although this electrode configuration is
unsuitable for continuous use at a temperature exceeding
100° C., the electrode configuration is sufficient for use in a
wearable device that monitors biological information, a
catheter that is a medical device, or the like.

[0087] It was confirmed that no problems occur in a solder
connection portion even in a high temperature test at 100° C.
for 1000 hours when the electrodes as described above were
mounted on a resistor with a lead-free solder containing no
harmful lead (Pb).

[0088] In a third embodiment to be described below, an
effect of a configuration in which the resistor 1 is mounted
on the circuit board 10 by being built into the circuit board
10 according to the second embodiment described above
being facilitated, can be expected.

[0089] Subsequently, a temperature sensor according to
the third embodiment of the present invention will be
described with reference to FIGS. 10 and 11. FIG. 10
illustrates a perspective view of the temperature sensor, and
FIG. 11 schematically illustrates a part of a cross section
taken along a line Y-Y in FIG. 10.

[0090] In this embodiment, a temperature sensor in which
the resistor 1 is mounted on the circuit board 10 is illustrated.
The circuit board 10 is a flexible wiring board (FPC) having
flexibility formed in a substantially elongated rectangular
shape. For the circuit board 10, a resin formed of a polymer
material such as a polyimide, polyethylene, a liquid crystal
polymer, a fluorine resin, a silicone, polyester, polycarbon-
ate, or polyphenylene sulfide (PPS) can be used.

[0091] For a wearable device that monitors biological
information, a catheter that is a medical device, or the like,
it is preferable for a biocompatible resin material to be used
for a material of the circuit board 10. Resin materials such
as a polyimide, a polyamide, a polyester, a silicone resin,
and a fluorine resin of which biocompatibility has been
confirmed can be used.

[0092] A wiring pattern 11 of a conductor is formed within
the thickness of the circuit board 10. Further, a cavity 12 in
which the resistor 1 is embedded is foi med on one end side
of the circuit board 10, and the resistor 1 is mounted in a
face-down form in this cavity 12. Further, the exposed
portions 31a and 314 of the electrode layers 3a and 34 in the
resistor 1 and the wiring pattern 11 of the circuit board 10 are
electrically connected by a connection material 13 such as
solder.

[0093] Further, a thickness dimension of the circuit board
10 is 60 um to 80 um and, preferably, 70 um, a thickness
dimension of the insulating substrate 2 is 20 um to 50 pm
and, preferably, 30 pm, a total thickness of the resistor 1 is
30 pm to 60 pm and, preferably, 40 pm, and a total thickness
in a state in which the resistor 1 is mounted on the circuit
board 10 is 80 pm to 120 pm and, preferably, 100 pm.

[0094] When the cavity 12 is sealed with a biocompatible
silicone resin or the like, only the insulating substrate 2 of
the resistor 1 is exposed. In such a state, when the insulating
substrate 2 is formed of alumina, zirconia, sapphire, or the
like of which biocompatibility has been confirmed, the
insulating substrate 2 can come in direct contact with a
living body, and accurate temperature detection can be
performed.
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[0095] Meanwhile, a wearable device that monitors gen-
eral biological information, a medical temperature sensor
such as a catheter that is a medical device, or the like does
not take biocompatibility into account. Therefore, the entire
temperature sensor including the insulating substrate 2 is
covered with, for example, a biocompatible silicone resin so
that the temperature sensor itself is not exposed to the
outside. Therefore, since the (heat-sensitive) resistor 1 does
not come in direct contact with the living body, a problem
arises in that accurate temperature detection cannot be
performed.

[0096] As described above, according to the embodiment,
it is possible to provide a thinned temperature sensor.
Further, when the resistor 1 and the temperature sensor are
formed of a biocompatible material, safety can be enhanced
and accurate temperature detection of a living body can be
performed.

[0097] Further, the resistor 1 of the present invention can
be applied to an infrared temperature sensor. In this case, the
resistive film 4 is a thennosensitive thin film, and an infrared
detection thermosensitive element and a temperature com-
pensation thennosensitive element are disposed, as the resis-
tor 1, with a predetermined interval therebetween on one
surface of a flexible wiring board.

[0098] Note that the present invention is not limited to the
configurations of each of the above embodiments, and
various modifications can be performed without departing
from the gist of the invention. Further, the above-described
embodiment is presented as an example, and it is not
intended to limit the scope of the invention. These novel
embodiments can be implemented in various other forms,
and various omissions, substitutions, and changes can be
performed. These embodiments or modifications thereof are
included in the scope or gist of the invention and are
included in the invention described in claims and an equiva-
lent scope thereof.

REFERENCE SIGNS LIST

[0099] 1 Resistor

[0100] 2 Insulating substrate
[0101] 3a, 35 Electrode layer
[0102] 3¢ 3d External electrode
[0103] 31a, 315 Exposed portion
[0104] 4 Resistive film

[0105] 5 Protective film

[0106] 10 Circuit board

[0107] 11 Wiring pattern

[0108] 12 Cavity

1. A resistor comprising:
an insulating substrate having bending strength of 690
MPa or more and a thickness dimension of 10 um to
100 pm:
a resistive film formed on the insulating substrate;
at least a pair of electrode layers electrically connected to
the resistive film; and
a protective film that covers a region in which the resistive
film is formed, and having exposed portions formed to
expose at least a part of the pair of electrode layers.
2. The resistor according to claim 1, wherein the insulat-
ing substrate is formed of a ceramic material.
3. The resistor according to claim 1, wherein the insulat-
ing substrate is formed of a single crystal material.
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4. The resistor according to claim 2, wherein an average
particle diameter after sintering of the ceramic material is
0.1 um to 4 pm.

5. The resistor according to claim 2, wherein a void
fraction of the ceramic material after sintering is 3% or less.

6. The resistor according to claim 2, wherein the ceramic
material is zirconia, silicon nitride, alumina, or a mixture of
at least one of these materials.

7. The resistor according to claim 3, wherein the single
crystal material is sapphire, and a direction of a crystal axis
of the single crystal material is perpendicular or parallel to
a C-axis.

8. The resistor according to claim 1, comprising:

a pair of external electrodes connected to the exposed
portion of the electrode layer and formed to cover an
end portion of the insulating substrate.

9. A temperature sensor comprising:

a flexible wiring board; and

the resistor according to claim 1 mounted on the flexible
wiring board, in which the insulating substrate is
formed of a biocompatible material.

10. A temperature sensor comprising:

a flexible wiring board; and

the resistor according to claim 9 mounted on the flexible
wiring board, wherein the insulating substrate is being
exposed to the outside.

11. The resistor according to claim 4, wherein a void

fraction of the ceramic material after sintering is 3% or less.

12. The resistor according to claim 4, wherein the ceramic
material is zirconia, silicon nitride, alumina, or a mixture of
at least one of these materials.
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13. The resistor according to claim 5, wherein the ceramic
material is zirconia, silicon nitride, alumina, or a mixture of
at least one of these materials.

14. The resistor according to claim 2, comprising:

a pair of external electrodes connected to the exposed
portion of the electrode layer and formed to cover an
end portion of the insulating substrate.

15. The resistor according to claim 3, comprising:

a pair of external electrodes connected to the exposed
portion of the electrode layer and formed to cover an
end portion of the insulating substrate.

16. The resistor according to claim 4, comprising:

a pair of external electrodes connected to the exposed
portion of the electrode layer and formed to cover an
end portion of the insulating substrate.

17. The resistor according to claim 5, comprising:

a pair of external electrodes connected to the exposed
portion of the electrode layer and formed to cover an
end portion of the insulating substrate.

18. The resistor according to claim 6, comprising:

a pair of external electrodes connected to the exposed
portion of the electrode layer and formed to cover an
end portion of the insulating substrate.

19. The resistor according to claim 7, comprising:

a pair of external electrodes connected to the exposed
portion of the electrode layer and fonned to cover an
end portion of the insulating substrate.

20. A temperature sensor comprising:

a flexible wiring board; and

the resistor according to claim 2 mounted on the flexible
wiring board, in which the insulating substrate is
formed of a biocompatible material.
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