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SENSOR MODULE AND PROTECTIVE
GLASS

TECHNICAL FIELD

[0001] The present invention relates to a sensor module
accommodating therein at least one of a sensor and a
vibrator, and a protective glass protecting a sensor or a
vibrator.

BACKGROUND ART

[0002] A plurality of sensors having various functions are
mounted on a car, an electric train, a mobile equipment such
as drone, and a security device such as an outdoor sensor or
a surveillance camera. A sensor module using a resin cover
as a protective member protecting those sensors 1s known.
When a sensor 1s arranged outdoors, it 1s required to select
a material strong to weathering and heat shock, in addition
to rnigidity and scratch resistance of a protective member
protecting a sensor.

[0003] The kind of the sensor arranged 1nside the protec-
tive member 1s an 1mportant factor for selecting a structure
and material of the protective member. Uses of a sensor may
be 1mpaired depending on the structure and material of the
protective member. For example, as a protective glass pro-
tecting the sensor, 1t 1s required to select a material having
high transmitting property that transmits visible light.
[0004] A sensor using ultrasonic waves 1s known as a
sensor that 1s mounted on a surveillance camera and a car
(Patent Literature 1). The ultrasonic sensor described in
Patent Literature 1 can receive ultrasonic waves that was
sent from a transmitter element transmitting ultrasonic
waves and reflected by an object to be detected, by a
receiving member having a receiving part receiving ultra-
sonic wave.

[0005] Furthermore, ultrasonic waves are utilized 1n water
repellency and cleaning of a window 1n addition to the
measurement of a distance (Patent Literature 2). It can be
expected that uses of the sensor using ultrasonic waves will
be further expanded 1n future.

[0006] As a structure having a sensor arranged inside the
protective member, a structure having a sensor arranged
inside a protective member using a resin 1s known (Patent
Literature 3). Patent Literature 3 discloses that electric
continuity with electrodes of a vibrator arranged inside a
casing 1s secured while using a resin casing as a protective
member accommodating an ultrasonic sensor.

CITATION LIST

Patent [iterature

[0007] Patent Literature 1: JP-A-2007-174323

[0008] Patent Literature 2: JP-T-2016-531792 (the term
“JP-T” as used herein means a published Japanese transla-
tion of a PCT patent application)

[0009] Patent Literature 3: JP-A-2006-203563
SUMMARY OF INVENTION
Technical Problem
[0010] However, the protective member using a resin

described 1n Patent Literature 3 had a problem that when the
protective member was arranged outdoors, the protective

Apr. 30, 2020

member has low rigidity and does not have excellent scratch
resistance and weather resistance.

[0011] The present invention has been completed 1n view
of the above and has an object to provide a sensor module
having higher rigidity as compared with the case of using a
resin as a protective member and having excellent scratch
resistance and weather resistance, by using a chemically
strengthened glass as a protective member.

Solution to Problem

[0012] According to a certain aspect of the present inven-
tion, a sensor module including: a base member; at least one
of a single or a plurality of sensors and vibrators arranged on
the base member; and a protective member constituted of at
least one flat surface or a curved surface, provided so as to
cover the at least one of the sensors and the wvibrators,
wherein a part or whole of the protective member 1s formed
of a strengthened glass and the strengthened glass 1s a
chemically strengthened glass or a physically strengthened
glass, 1s provided.

[0013] According to a certain aspect of the present inven-
tion, the sensor module, wherein the strengthened glass has
a surface compressive stress value of 400 MPa or more and
a depth of compressive stress layer of 10 um or more, 1s
provided.

[0014] According a certain aspect of the present invention,
the sensor module, wherein the strengthened glass has the
surface compressive stress value of 600 MPa or more and
the depth of compressive stress layer of 40 um or more, 1s
provided.

[0015] According a certain aspect of the present invention,
the sensor module, wherein the strengthened glass 1s a
chemically strengthened glass and has a thickness of from
0.5 mm to 3.5 mm, 1s provided.

[0016] According a certain aspect of the present invention,
the sensor module, wherein the strengthened glass 1s a
chemically strengthened glass, has a thickness of from 1.5
mm to 3.5 mm, and has a depth of compressive stress layer
in a range of from 200 um to 580 um, 1s provided.

[0017] According to a certain aspect of the present inven-
tion, the sensor module, wherein the chemically strength-
ened glass has a surface compressive stress value of 700
MPa or more, 1s provided.

[0018] According a certain aspect of the present invention,
the sensor module, wherein the chemically strengthened
glass has the depth of the compressive stress layer 1n a range
of from 250 um to 380 um, and has a compressive stress
value at a depth of 100 um from a surface of 100 MPa or
more, 1s provided.

[0019] According a certain aspect of the present invention,
the sensor module, wherein the chemically strengthened
glass has a curved surface shape having a convex surface
and a concave surface, and a value obtained by subtracting
a surface compressive stress value of the concave surface
from a surface compressive stress value of the convex
surtace 1s 10 MPa or more, 1s provided.

[0020] According a certain aspect of the present invention,
the sensor module, wherein a value obtained by subtracting
a depth of compressive stress layer of the concave surface
from a depth of compressive stress layer of the convex
surface 1s 10 um or more, 1s 10 um or more 1s provided.
[0021] According a certain aspect of the present invention,
the sensor module wherein the chemically strengthened
glass has at least one bending point 1n a region forming the
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compressive stress layer and has a stress distribution curve
having a different inclination with the bending point as a
boundary, 1s provided.

[0022] According a certain aspect of the present invention,
the sensor module, wherein the vibrator has an ultrasonic
generating element, 1s provided.

[0023] According a certain aspect of the present invention,
the sensor module, wherein the protective member has a
transparent heater, 1s provided.

[0024] According a certain aspect of the present invention,
the sensor module, wherein the strengthened glass has a first
main surface and a second main surface facing the first main
surface, and has an end surface between the first main
surface and the second main surface, and the end surface has
a surface roughness in a range of from 0.01 um to 1.0 um,
1s provided.

[0025] According a certain aspect of the present invention,
the sensor module, wherein the strengthened glass 1s glass a
ceramics, 1s provided.

[0026] According a certain aspect of the present invention,
the sensor module, wherein the strengthened glass has a
water-repellent film on the surface of the strengthened glass,
1s provided.

[0027] According a certain aspect of the present invention,
a protective glass constituted of a flat surface or a curved
surface, wherein a part or whole of the protective glass 1s a
strengthened glass, and the strengthened glass 1s a chemi-
cally strengthened glass or a physically strengthened glass,
1s provided.

[0028] According a certain aspect of the present invention,
the protective glass having an ultrasonic vibrator i1s pro-
vided.

[0029] According a certain aspect of the present invention,
the protective glass having a transparent heater 1s provided.

Advantageous Effects of Invention

[0030] The sensor module of the present invention uses a
strengthened glass as a protective member and therefore has
high surface strength and edge strength, has high rigidity and
scratch resistance and further has high weather resistance
(weathering resistance and heat shock resistance). There-
fore, the sensor module 1s suitable for arranging outdoors.

BRIEF DESCRIPTION OF DRAWINGS

[0031] (a) to (c¢) of FIG. 1 are perspective views showing
one example of the configuration of a sensor module 1n the
embodiment of the present invention.

[0032] FIG. 2 1s a side view showing one example of the
configuration of a mounting part in this embodiment.
[0033] (a)and (b) of FIG. 3 are perspective views showing
one example of a power supply mechanism of the mounting
part in this embodiment. (a) of FIG. 3 shows a wired power
supply and (b) of FIG. 3 shows a wireless power supply.
[0034] (a) and (b) of FIG. 4 are perspective views showing
one example of the arrangement of a vibrator or a transpar-
ent heater 1n this embodiment.

DESCRIPTION OF EMBODIMENTS

[0035] Preferred embodiment of the present invention 1s
described by reference to the drawings. In the description of
reference signs in the drawings, the same or corresponding
reference signs are allotted to the same or corresponding
members or parts, and duplicate descriptions are omitted.
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[0036] Furthermore, the expression “from . . . t0” showing
a numerical range in the present description 1s used in the
meaning of including the numerical values indicated before
and after “to” as the lower limit and the upper limat.

[0037] <Sensor Module>

[0038] The sensor module of this embodiment includes a
base member 135, at least one of a single or a plurality of
sensors 20 and vibrators 40 arranged on the base member 15,
and a protective member 1 constituted of at least one of a flat
surface and a curved surface, provided so as to cover the at
least one of the sensor 20 and the vibrator 40. The elements
constituting the sensor module of this embodiment are
described 1n detail below.

[0039] <Protective Member 1>

[0040] (a)and (b) of FIG. 1 are perspective views showing
one example of the configuration of a protective member 1
in this embodiment. (a) of FIG. 1 1s a structure using a
protective glass 10 as a lid part of a cylindrical casing
(protective member 1) accommodating a sensor 20. (b) of
FIG. 1 1s a structure using a glass as a spherical surface of
a hemisphere accommodating the sensor 20. A part or the
whole of the protective member 1 1s formed using the
protective glass 10, but a support part 2 supporting the
protective glass 10 may be formed 1n a part of the protective
member 1 as shown 1n (a) of FIG. 1. The support part 2 may
be a glass, but a metal such as stainless steel or alumite may
be used. The protective member 1 1s not limited to a
cylindrical shape or a hemisphere, and may be a columnar
shape, a prismatic shape and a three-dimensional shape such
as a spherical regular polyhedron ((c) of FIG. 1). The
protective member 1 can be formed by laminating a plurality
of glasses. In the case of forming the support part 2, an
adhesive layer 1s formed between the support part 2 and the
protective glass 10, thereby sticking the support part 2 to the
protective glass 10.

[0041] The protective member 1 accommodates the sensor
20 having detecting function or sensing function using
millimeter wave, ultrasonic wave, visible light, infrared light
or LIDAR or comprehensively using those. In the case
where the sensor module of this embodiment 1s arranged
outdoors, the protective member 1 as a casing 1s required to
protect the mounting part 5 from climatic factors such as rain
and snow and external factors such as shock by stepping
stone. Therefore the protective member 1 requires certain
strength against those factors.

[0042] The adhesive layer (not shown) sticking the pro-
tective glass 10 to the support part 2 preferably contains at
least one selected from the group consisting of a polyvinyl
acetate resin, a polyvinyl chloride resin, a polyvinyl alcohol
resin, an ethylene copolymer resin, a polyacrylic acid ester
resin, a cyanoacrylate resin, a saturated polyester resin, a
polyamide resin, a linear polyimide resin, a melamine resin,
a urea resin, a phenol resin, an epoxy resin, a polyurethane
resin, an unsaturated polyester resin, a reactive acrylic resin,
a rubber resin, a silicone resin, a modified silicone resin, a
glass frit and a solder. By forming an adhesive layer made
of a material that does not deform and does not weather even
though arranged outdoors, using the resins and the like

described above, durability of the protective member 1 can
be enhanced.

[0043] When the protective member 1 has a transparent
heater 60, the protective member can exhibit functions of
anti-fogging and snow melting and can prevent that the
sensor does not work by fogging and snow. Thus, this 1s
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preferred (see (a) of FIG. 4 and (b) of FIG. 4). The
transparent heater 1s, for example, a transparent electrode of
I'TO or the like deposited at a sensor side of the protective
member 1, and an electric current 1s applied to the trans-
parent electrode, thereby generating heat. Water droplets and
snow are evaporated by the heat, and water droplets and
snow can be removed from the surface of the protective
member 1. In order to exhibit the similar functions, a
non-transparent metal may be used as a heater. In this case,
the portion other than a window used for the sensor may be
covered with the non-transparent metal, and the metal may
be functioned as a heater.

[0044] <Protective Glass 10>

[0045] The protective glass 10 can be formed by subject-
ing a glass obtained through each step of cutting a large-
s1zed plate glass into small size, followed by machining and
polishing, and subjecting strengthening treatment such as
chemical strengthening or physical strengthening. As the
cutting method of the plate glass, for example, cutting by
diamond blade, or a scribe cleaving method, a laser cutting
method and the like can be applied. In case where strength
of the protective glass 10 desired to be increased, a surtace
layer part of the protective glass 10 1s preferably chemically
strengthened or physically strengthened, and more prefer-
ably all of the surface layer part 1s chemically strengthened
or physically strengthened. As a tool for applying machining
or polishing to the protective glass, whetstone can be used.
Other than this, a bufl, a brush and the like formed of cloth,
leather, rubber or the like can be used. In this case, an
abrasive such as cerium oxide, alumina, carborundum or
colloidal silica can be used. Above all, whetstone 1s prefer-
ably used as a polishing tool from the standpoint of dimen-
sional stability.

[0046] In the protective glass 10, adhesiveness between
the support part 2 and the mounting part S 1s improved by
roughening the portion contacting the support part 2 or the
mounting part 5 (for example, the portion corresponding to
the end surface of the protective glass). The shape of the
protective glass 10 1s not particularly limited so long as the
protective glass has a first main surface, a second main
surface facing the first main surface and an end surface
between the first main surface and the second main surface.
For example, 1n the case where the protective glass 10 as a
hemisphere shown 1n (b) of FIG. 1 1s viewed from the side
ol a concave surface, when the portion (end surface) draw-
ing a circle with a predetermined width 1s roughened,
adhesiveness between the surface showing the circle and the
facing portion to be bonded 1s improved, thereby facilitating
the fixation. As a result, the protective glass 10 can be stably
mounted. The level of roughening 1s specifically that a
surface roughness Ra 1s 0.01 um or more, preferably 0.05
wm or more, more preferably 0.1 um or more and still more
preferably 0.2 or more. When the end surface 1s excessively
roughened, the adhesiveness between the end surface and
the facing portion may be impaired. Therefore, surface
roughness Ra of the end surface 1s 1.0 um or less, preferably
0.5 um or less and more preferably 0.4 um or less. In the case
where the support part 2 1s constituted of a strengthened
glass, the surface roughness Ra of the end surface of the
support part 2 1s preferably within the above range. The

surface roughness Ra in the present description means
arithmetic mean roughness defined 1n JIS B0601:2001.

[0047] The protective glass 1s not limited to the hemi-
spherical protective glass 10 represented by (b) of FIG. 1.
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Other than a hemisphere, when a dome-shaped protective
glass having a curved surface shape 1s used, 1n the case
where the sensor 20 1s a camera for visible light, the
protective glass has the efect of expanding an 1maging range
(a field of view), which 1s preferred. In the case where the
protective glass has a dome shape (curved surface shape), its
size 1s not particularly limited. For example, an outer
diameter 1s a range of from 10 to 30 mm and an inner
diameter 1s a range of from 5 to 30 mm. When a dome-
shaped glass plate including a hemisphere 1s processed to a
dome shape and then subjected to a chemical strengthening
treatment, large surface compressive stress 1s obtained at the
side of a convex surface of the chemically strengthened
glass plate as compared with the side of a concave surface
thereol by shape eflect. Furthermore, 1n the chemically
strengthened glass plate, large depth of a compressive stress
layer 1s obtained at the side of a convex surface as compared
with the side of a concave surface thereof. For this reason,
when the protective glass 1s particularly placed 1in outdoor
environment, larger strengthening 1s obtained at the side of
a convex surface corresponding to the side of a front surface,
and this 1s preferred. The dome-shaped glass plate can
realize desired surface compressive stress and depth of a
compressive stress layer by appropriately adjusting the
conditions of the chemical strengthening treatment.

[0048] In particular, 1n the case of chemically strengthen-
ing a dome-shaped glass plate, a value obtained by subtract-
Ing a surface compressive stress value of a concave surface
from a surface compressive stress value of a convex surface
1s preferably 10 MPa or more, more preferably 15 MPa or
more and still more preferably 20 MPa or more. Further-
more, a value obtained by subtracting DOL of a concave
surtace from DOL of a convex surface 1s preferably 10 pum
or more, more preferably 20 um or more and still more
preferably 40 um or more.

[0049] The dome-shaped protective glass 10 can be
obtained by, for example, bending. Preferred embodiment of
the bending 1s described below, but a method for obtaining
a curved surface shape protective glass 10 1n this embodi-
ment 1s not limited to the embodiment described below.

[0050] In the bending, a glass 1s placed on a mold consti-
tuted of carbon, heated to a temperature region of from 600
to 950° C., hot-pressed for from 30 to 180 seconds while
maintaining the temperature, and then gradually cooled.
Thus, a curved surface shape glass plate 1s formed. The
curved surface shape glass plate 1s cut into a desired external
form, and the surface of the glass plate 1s polished. Thus, the
curved surface shape protective glass 10 such as a dome-
shaped protective glass 10 having a desired shape and a
desired surface roughness 1s obtained.

[0051] The method for obtaining the curved surface shape
protective glass 10 1s not limited to bending, and 1s obtained
by, for example, cutting of a thick glass plate.

[0052] The protective glass 10 may further have a water-
repellent film (not shown) on the main surface thereof.
Material of the water-repellent film 1s specifically a material
having high water repellency, and 1s preferably a material
further having an antifouling property. Examples of such
materials of the water-repellent film include a fluorine-
containing organic material and a fluorine resin, and more
preferably include a fluorine-containing organic silicon
compound and a fluorine-containing organic compound hav-
ing hydrolyzability. Thickness of the water-repellent film 1s
not particularly limited so long as transmitting property of
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the protective glass 10 1s not impaired. For example, when
the thickness 1s 10 nm or more, the effect of water repellency
can be exhibited, and this 1s preferred. The thickness 1s more
preferably 100 nm or more. The upper limit of the thickness
of the water-repellent film 1s not particularly limited, but 1s
preferably 1 um or less from the standpoint of productivity.
[0053] The protective glass 10 1s preferably constituted of
a glass having high transparency. A multicomponent oxide
glass can be used as a material of a glass used as the
protective glass 10.

[0054] Specific examples of the composition of the glass
used as the protective glass 10 are shown below, but the
composition of the glass 1s not limited to those. The glass
used 1n the present invention 1s not particularly limited so
long as 1t contains sodium, and glasses having various
compositions can be used so long as the glasses contain a
composition that can be molded and strengthened by a
chemical strengthening treatment or a physical strengthen-
ing treatment.

[0055] Specifically, examples of the glass include alumi-
nosilicate glass, soda lime glass, borosilicate glass, lead
glass, alkali barium glass, aluminoborosilicate glass, glass
ceramics and alkali-containing optical glass. Of those, glass
ceramics has relatively high strength. Therefore, when the
glass ceramics 1s subjected to a physical strengthening
treatment or a chemical strengthening treatment, a strength-
ened glass having higher strength 1s easily obtained.
[0056] Glass ceramics 1s that crystals are precipitated 1n a
glass. As compared with an amorphous glass free of crystal,
the glass ceramics 1s hard and difficult to be scratched.
Furthermore, when the glass ceramics are subjected to an
ion-exchange treatment to be chemically strengthened,
strength can be further enhanced.

[0057] The glass ceramics can be obtained by heat-treating
an amorphous glass under appropriate conditions. For
example, glass ceramics having visible light haze value of
1.0% or less 1in terms of 0.8 mm thickness 1s useful as the
protective glass 10. The haze value can be measured, for
example, using illuminant C that 1s the standard of standard
illuminant defined in CIE, using a haze meter “HZ-2”
manufactured by Suga Test Instruments Co., Ltd.

[0058] One example of the composition of the glass used
as the protective glass 10 contains, 1n mass percentage on
oxide basis, S10,: from 356 to 66%, Al,O,: from 8 to 18%,
Na,O: from 9 to 17%, K,O: from 1 to 11%, MgO: from 2
to 12%, CaO: from 0 to 5%, SrO: from 0 to 5%, BaO: from
0 to 5% and ZrO,: from 0 to 5%.

[0059] One example of the composition of the glass used

as the protective glass 10 contains, 1n mass percentage on
oxide basis, S10,: from 58 to 65%, Al,O,: from 14 to 21%,

Na,O: from 12 to 19%, MgQO: from 3 to 10%, K,O: from 0.5
to 1.3%, ZrO,: from 0.1 to 0.5% and T10,: from 0.0 to 0.1%.

[0060] One example of the composition of the glass used

as the protective glass 10 contains, 1n mass percentage on
oxide basis, S10,: from 55 to 65%, Al,O,: from 12 to 22%,

Na,O: from 10 to 20%, K,O: from 0 to 2%, MgQO: from 1
to 9% and ZrO,: from 0 to 5%.

[0061] One example of the composition of the glass used

as the protective glass 10 contains, 1n mass percentage on
oxide basis, S10,: from 55 to 65%, Al,O;: from 12 to 22%,

Na,O: from 10 to 20%, K,O: from 0 to 2%, MgO: from 1
to 9%, ZrO,: from 0 to 1% and T10,: from 0 to 1%.

[0062] One example of the composition of the glass used
as the protective glass 10 contains, 1n mass percentage on
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oxide basis, S10,: from 60 to 70%, Al,O,: from 9 to 19%,
Na,O: from 9 to 19%, K,O: from 0 to 4%, MgQO: from 3 to
6%, CaO: from O to 1% and ZrO,: from O to 1%.

[0063] One example of the composition of the glass used
as the protective glass 10 contains, 1n mass percentage on
oxide basis, S10,: from 45 to 70%, B,0O;: from 1 to 9%,
Al,O4: from 15 to 25%, Na,O: from 7 to 18%, K,O: from
0 to 1%, MgO: from 0 to 5%, CaO: from 0 to 1% and T10,:
from O to 1%.

[0064] One example of the composition of the glass used
as the protective glass 10 contains, 1n mass percentage on
oxide basis, S10,: from 45 to 70%, B,0O;: from 1 to 9%,
Al,O;: from 15 to 25%, Na,O: from 7 to 18%, K,O: from
0 to 1%, MgO: from 0 to 5%, CaO: from 0 to 1% and SnO,:
from O to 1%.

[0065] One example of the composition of the glass used

as the protective glass 10 contains, 1n mass percentage on
oxide basis, S10,: from 50 to 80%, Al,O,: from 1 to 30%,

B,O,: from 0 to 6%, P,O.: from O to 6%, L1,0: from O to
20%, Na,O: from 0 to 20%, K,O: from 0 to 10%, MgO:
from 0 to 20%, CaO: from 0 to 20%, SrO: from 0 to 20%,
BaO: from 0 to 15%, ZnO: from 0 to 10%, T10,: from 0 to
3% and ZrO,: from 0 to 8%.

[0066] One example of the composition of the glass used

as the protective glass 10 contains, 1n mass percentage on
oxide basis, S10,: from 65 to 75%, Al,O,: from 1 to 5%,

Na,O: from 7 to 17%, K,O: from 0 to 1%, MgQO: from 3 to
6% and CaO: from 6 to 9%.

[0067] One example of the composition of the glass used
as the protective glass 10 contains, in mass percentage on
oxide basis, S10,: from 65 to 75%, Al,O;: from 3 to 10%,
Na,O: from 7 to 17%, K,O: from 0 to 1%, MgO: from 3 to

6%, CaO: from 6 to 9% and ZrO, as a trace component: from
0 to 1%.

[0068] Composition range of each component in the glass
composition of the protective glass 10 of this embodiment
having the above-described components and other optional
components are described below. The unit of content in each
composition 1s mass percentage or mass ppm, on oxide basis
and 1s simply represented by “%’” and “ppm”, respectively.

[0069] S10, 1s a main component of the glass. The S10,
content 1s preferably 45% or more, more preferably 55% and
still more preferably 60% or more in order to maintain
weather resistance of the glass and prevent devitrification.

[0070] On the other hand, the S10, content 1s preferably
80% or less and more preferably 70% or less 1n order to
facilitate melting and enhance foam quality.

[0071] Al,O; 1s an essential component for improving
weather resistance of the glass. In the glass of this embodi-
ment, the Al,O, content 1s preferably 7% or more and more
preferably 10% or more in order to maintain practically
necessary weather resistance.

[0072] The Al,O; content 1s preferably 30% or less, more
preferably 23% or less and still more preferably 20% or less
in order to enhance optical properties and enhance foam

quality.

[0073] B,O, 1s a component accelerating melting of glass
raw materials and enhancing mechanical properties and
weather resistance. The B,O, content 1s preferably 6% or
less and more preferably 3% or less in order to prevent the

occurrence of disadvantages such as formation of striae
(ream) by volatilization and corrosion of a furnace wall.
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[0074] Alkali metal oxides such as 1,0, Na,O and K,O
are components accelerating melting of glass raw materials
and adjusting thermal expansion, viscosity and the like.
[0075] The Na,O content 1s preferably 8% or more and
more preferably 10% or more.

[0076] The K,O content 1s preferably 3% or less and more
preferably 1% or less.

[0077] Li1,0 1s an optional component but facilitates vit-
rification and reduces an 1ron content contained as impurities
derived from raw materials. Therefore, the protective glass
10 of this embodiment can contain L1,0 1n an amount of 2%
or less.

[0078] The total content of those alkali metal oxides
(L1,0+Na,O+K,O) 1s preferably from 5 to 20% and more
preferably from 8 to 15% 1n order to retain clarity when
melting and maintain foam quality of the glass produced.
[0079] Alkaline earth metal oxides such as MgQO, CaO,
SrO and BaO are components effective to accelerate melting
of glass raw materials and adjust thermal expansion, vis-
cosity and the like.

[0080] MgO has a function of decreasing a viscosity when
melting a glass and accelerating melting. MgO further has a
function of decreasing a specific gravity and making it
difficult to cause flaws on the protective glass 10. The MgO
content 1s preferably 10% or less and more preferably 8% or
less 1n order to decrease a coetlicient of thermal expansion
of the glass and prevent devitrification.

[0081] CaO i1s a component accelerating melting of glass
raw materials and adjusting a viscosity, thermal expansion
and the like. To achieve the above functions, the CaO
content 1s preferably 0.5% or more and more preferably 1%
or more. On the other hand, the CaO content i1s preferably
6% or less and more preferably 4% or less 1n order to prevent
devitrification and obtain satisfactory transmitting property.
[0082] SrO has an effect increasing a coetlicient of thermal
expansion and decreasing high temperature viscosity of a
glass. To achieve the eflect, the protective glass 10 of this
embodiment can contain SrO. The SrO content 1s preferably
3% or less and more preferably 1% or less 1in order to reduce
a thermal expansion coeflicient of a glass.

[0083] Similar to SrO, BaO has an eflect increasing a
thermal expansion coeflicient and decreasing high tempera-
ture viscosity of a glass. To achieve the eflect, the protective
glass 10 of this embodiment can contain BaO. However, the
BaO content 1s preferably 5% or less and more preferably
3% or less 1n order to suppress a thermal expansion coet-
ficient of a glass low.

[0084] The total content of those alkaline earth metal
oxides (MgO+CaO+SrO+BaO) 1s preferably from 1 to 15%
and more preferably from 3 to 10% 1n order to reduce a
coellicient of thermal expansion, prevent devitrification and
maintain strength.

[0085] Inthe composition of the protective glass 10 of this
embodiment, ZrO, may be contained as an optional com-
ponent 1 an amount of preferably 10% or less and more
preferably 5% or less 1n order to enhance heat resistance and
surface hardness of a glass. When the ZrO, content 1s 10%
or less, the glass 1s diflicult to devitrity.

[0086] The protective glass 10 of this embodiment may
contain SO, as a refining agent. In this case, the SO, content
1s, 1n mass percentage, preferably more than 0% and less
than 0.5%. The SO, content 1s more preferably 0.4% or less,

still more preferably 0.3% or less and still further preferably
0.25% or less.
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[0087] The protective glass 10 of this embodiment may
contain at least one of Sb,O,, SnO, and As,O, as an
oxidizing agent and a fining agent. In this case, each content
of Sb,0O,, SnO, and As,O, 1s, 1n mass percentage, preferably
from O to 0.5%. Each content 1s more preferably 0.2% or less
and still more preferably 0.1% or less. Sill further preterably,
those are not substantially contained.

[0088] The protective glass 10 of this embodiment may
contain N10O. When Ni1O i1s contained, N1O further functions
as a coloring component. Therefore, the N1O content 1s
preferably 10 ppm or less based on the total amount of the
glass composition.

[0089] The protective glass 10 of this embodiment may
contain Cr,O,. When Cr,O, 1s contained, Cr,O, further
functions as a coloring component. Therefore, the Cr,O,
content 1s preferably 10 ppm or less based on the total
amount of the glass composition.

[0090] The protective glass 10 of this embodiment may
contain MnO,. When MnO, 1s contained, MnO, further
functions as a visible light-absorbing component. Therefore,
the MnQO,, content 1s preferably 50 ppm or less based on the
total amount of the glass composition.

[0091] The protective glass 10 of this embodiment may
contain T10,. When 110, 1s contained, T10, further func-
tions as a visible light-absorbing component. Theretfore, the
T10, content 1s preferably 1000 ppm or less based on the
total amount of the glass composition.

[0092] The protective glass 10 of this embodiment may
contain at least one component selected from the group
consisting of CoO, V,O. and CuO. When those components
are contained, those components further function as a visible
light-absorbing component, thereby decreasing visible light
transmittance. Therefore, the content of those components 1s
preferably 10 ppm or less based on the total amount of the
glass composition.

[0093] <Chemical Strengthening Treatment>

[0094] The chemical strengthening treatment 1s conducted
by immersing a glass containing sodium in a molten salt
containing specific salt or base and having a temperature
equal to or lower than a glass transition temperature, thereby
ion-exchanging sodium 1ons with potassium 1ons having
larger atomic radius. When a glass containing lithium 1s
chemically strengthened, the chemical strengthening treat-
ment conducted by 1on-exchanging lithium 1ons with
sodium 10ns having larger atomic radius. In the case of the
glass containing both sodium and lithium, the chemical
strengthening treatment may include two treatments of a
treatment of 1on-exchanging sodium 1ons with potassium
ions and 1on-exchanging lithium 1ons with sodium 1ons.

[0095] The chemical strengthening step 1s, for example, a
step of bringing a glass containing sodium into contact with
an 1organic salt containing at least one salt or base selected
from the group consisting of potassium nitrate, sodium
nitrate, K,CO,;, Na,CO,, KHCO,, NaHCO,;, K,PO,(,
Na,PO,, K,SO,, Na,SO,, KOH and NaOH to conduct
ion-exchange between Na 1ons 1n the glass and K 1ons 1n the
inorganic salt, thereby forming a compressive stress layer 1n
the glass surface.

[0096] In the chemically strengthened glass obtained by
the chemical strengthening treatment, a stress profile formed
(a vertical axis 1s a compressive stress value (CS) and a
horizontal axis 1s a depth of a compressive stress layer
(DOL)) changes by controlling time and temperature of the
ion exchange, a salt used and other treatment conditions. For
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example, 1n the case where a stress value of the chemically
strengthened glass, obtained by conducting an 1on exchange
treatment of 10n-exchanging lithium 1ons with sodium ions
and an 10n exchange treatment of 1on-exchanging sodium
ions with potassium 1ons to one glass, 1s measured, the stress
profile draws a bent profile having different inclination with
the bending point as a boundary. In other words, when the
combination of i1on-exchange to the glass 1s two or more
groups and two or more kinds of ions in the glass are
ion-exchanged, a depth of the compressive stress layer can
be increased while increasing the surface compressive stress
value, and a high strength chemically strengthened glass 1s
obtained. Examples of the ion-exchange method include a
method of immersing a glass 1n a molten salt containing two
kinds of 1ons and a method of immersing a glass 1n multi-
stage using different two or more kinds of molten salts.
Thus, a stress profile in which the bending point 1s present
as described above 1s obtained by passing through a process
giving two or more groups of the combination of 10n-
exchanges.

[0097] When the surface of a glass 1s 1on-exchanged and
a surface layer having compressive stress remained therein
1s formed, compressive stress remains in the surface of a
glass and strength of the glass 1s enhanced. The strengthened
glass obtained changes depending on a thickness of a glass
and 1ts composition, and 1s appropriately designed so as to
be surely strengthened depending on uses of the glass.

[0098] The chemical strengthening treatment 1s preferably
conducted at a temperature 1n a range of from 300 to 500°
C. from the standpoint of preventing change i1n quality
(weathering) due to elution of an alkali 1n the chemically
strengthened glass obtained by the chemical strengthening
treatment. A salt such as hydrogen sulfate having the effect
of preventing elution of an alkali may be added to a molten
salt.

[0099] The thickness t of the chemically strengthened
glass according to this embodiment contributes to reduction
in weight, and therefore 1s generally 3.5 mm or less and
preferably 2.5 mm or less. The thickness t 1s more preferably
2.0 mm or less, still more preterably 1.7 mm or less, still
turther preferably 1.5 mm or less, still further preferably 1.3
mm or less and particularly preferably 1.0 mm or less. The
glass having the thickness t of less than 0.5 mm 1s easy to
be broken. Therefore, the thickness t 1s preferably 0.5 mm or
more.

[0100] The chemically strengthened glass according to
this embodiment has a compressive stress layer in the
surface thereof by the i1on-exchange treatment. When a
surface compressive stress value 1s high, the glass 1s difhicult
to be broken by curved mode. For this reason, the surface
compressive stress value of the chemically strengthened

glass 1s preferably 200 MPa or more, and more preferably
400 MPa or more, 600 MPa or more, 800 MPa or more, 900

MPa or more, 1000 MPa or more and 1100 MPa or more, 1n
this order.

[0101] In the case where flaws having a depth exceeding
the value of a depth of the compressive stress layer (DOL)
are formed during the use of the chemically strengthened
glass, breakage of the chemically strengthened glass 1s easy
to occur. For this reason, the DOL of the chemically
strengthened glass 1s preferably large. The DOL 1s prefer-
ably 10 um or more, and more preferably 40 um or more, 60
um or more, 70 um or more, 30 um or more, 90 um or more,
100 um or more, 110 um or more, 120 um or more, 130 um
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or more, 140 um or more, 150 um or more, 200 wm or more,
300 um or more, 400 um or more, 500 um or more and 550
wm or more, 1n this order.

[0102] In particular, in the chemically strengthened glass
used 1n the protective glass of this embodiment, when the
combination of the thickness t and the DOL 1s a combination
of thickness t being 1n a range of from 1.5 to 3.5 mm and the
DOL being 1n a range of from 200 to 580 um, the chemically
strengthened glass 1s diflicult to be broken even 1n outdoor
environment, and this 1s preferred. The combination of the
thickness t and the DOL 1s preferably a combination of the
thickness t being 1n a range of from 1.8 to 3.5 mm and the
DOL being 1n a range 250 to 580 um and more preferably
a combination of the thickness t being 1n a range of from 2.0
to 3.5 mm and the DOL being in a range of from 300 to 580
L.

[0103] In the chemically strengthened glass used for the
protective glass of this embodiment, in addition to the
relationship between the thickness t and the DOL, the
surface compressive stress value 1s preferably 700 MPa or
more, more preferably 800 MPa or more and still more
preferably 900 MPa or more.

[0104] In the chemically strengthened glass used for the
protective glass of this embodiment, in addition to the
relationship among the thickness t, the DOL and the surface
compressive stress value, the compressive stress value at a
depth of 100 um from the surface 1s preferably 100 MPa or
more and more preferably 105 MPa or more.

[0105] In the case where the strengthened glass 1s a
physically strengthened glass, similar to the above, the
surface compressive stress value and the depth of compres-
s1ve stress are preferably the above ranges. In the case where
the glass 1s physically strengthened, the temperature condi-
tions are set such that the glass surface 1s cooled rapidly and
the temperature inside the glass 1s gradually decreased,
thereby obtaining a (physically) strengthened glass. In this
case, the glass surface returns to room temperature 1 an
clongated state and the inside of the glass gradually shrinks.
As a result, a compressive stress layer 1s generated in the
surface and tensile stress 1s generated in the inside of the
glass. The characteristics of the physically strengthened
glass are that the surface compressive stress 1s small but
compressive stress 1s deeply present. For example, the
surface compressive stress value 1s about 200 MPa and the
depth of the compressive stress layer 1s 100 um or more.
Furthermore, for example, the surface compressive stress
value may be from about 100 to 150 MPa and the depth of
the compressive stress layer may be from s to Y% of the
thickness of the glass.

[0106] The chemically strengthened glass preferably has
at least one bending point in a region forming the compres-
s1ve stress layer when a stress profile of vertical axis: CS and
horizontal axis: DOL 1s given. When the chemically
strengthened glass has a stress distribution curve having
different inclination with the bending point as a boundary,
the compressive stress layer enters deeply and the glass 1s
difficult to be broken, which 1s preferred. As a result, the
chemically strengthened glass exhibits the efiect of prevent-

ing cracking of the protective glass by stepping stone and the
like.

[0107] As for the strength of the chemically strengthened
glass and physically strengthened glass obtained, evaluation
index by stepping stone described before can be applied.
Specifically, the strength can be evaluated based on SAE
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1400, JASO M104 and ISO 20567-1. For example, strength
can be evaluated by confirming a cracked state when granite
(gravel) having a size of from 9 to 15 mm as an emanation
1s ejected to a strengthened glass (including a dome shape)
under 0.1 MPa, 0.2 MPa or 0.4 MPa based on the conditions
of JASO M104.

[0108] Surface roughness (Ra) of the protective glass 10
can be appropniately set. For example, the surface roughness
of the protective glass 10 1s preferably 100 nm or less, more
preferably 70 nm or less and still more preferably 50 nm or
less.

[0109] The protective glass 10 may have a structure in
which a vibrator 40 1s arranged such that the protective glass
itself vibrates (see (a) of FIG. 4 and (b) of FIG. 4). When the
protective glass 10 1s provided with the vibrator 40, the
protective member 1 may be provided with or may not be
provided with the sensor 20. The vibrator 40 may be directly
mounted on the protective glass 10 or may be mounted on
the support part 2. The protective glass 10 may have a
vibration suppression function detecting vibration frequency
and suppressing vibration. By this function, vibration damp-
ing of the protective glass 10 1s prevented and given vibra-
tion frequency can be maintained. The vibrator 40 may be a
piezoelectric element or may be an element oscillating with
stable vibration frequency, such as an electromagnetic actua-
tor, a piezo element, a crystal vibrator, a ceramic oscillator
or a magnetostrictor. Thus, when the vibrator 40 vibrates, the
protective glass functions as a speaker, and when mounted
on a car, vibration during running can be suppressed. Fur-
thermore, as described later, strains attached to the protec-
tive glass 10 can be removed.

[0110] <Sensor 20>

[0111] The sensor 20 accommodated has detecting func-
tion or sensing function using millimeter waves, ultrasonic
waves, laser, visible light, infrared light or LIDAR or
comprehensively using those and can be used as a non-
contact sensor of a light detection method, an ultrasonic
method, a microwave method, a laser method, a radiation
method or an 1image discrimination method. For example,
when the sensor 20 1s mounted on a car, a distance to an
adjacent vehicle approaching the car and an obstacle present
in running direction can be measured using the detecting
function. Furthermore, an external arrangement mechanism
may be driven through a communication equipment
arranged outside based on a signal transmitted by the sensor
20. For example, when the communication equipment 1s a
transducer arranged on a windshield, a wiper can be driven
and a heater can be operated, through the transducer.

[0112] The sensor 20 may be an ultrasonic sensor. Ultra-
sonic waves are utilized for the measurement of a distance

and for water repellency and cleaning of a window, and
always stable visibility and instrument display are obtained.
In particular, when the sensor 20 1s mounted on a car, the
sensor can be applied to antifogging and snow melt by
utilizing its characteristics.

[0113] When the sensor 20 1s an ultrasonic sensor, 1t 1s
known that ultrasonic waves are attenuated as frequency
band of ultrasonic waves transmitted and received i1s high.

For this reason, ultrasonic waves of frequency band lower
than 100 KHz, such as from 1 KHz to 20 KHz or from 40

KHz to 60 KHz, are actually utilized.
[0114] <Camera 30>

[0115] One or a plurality of camera 30 1s present depend-
ing on 1ts uses. For example, when the camera 30 1s mounted
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on means of transportation, such as a car or an electric train,
or a mobile equipment such as a drone, a plurality of
cameras may be arranged by use, such as for close range
monitoring, forward monitoring and rear monitoring. Fur-
thermore, an 1mage and a video of approaching person and
obstacle can be obtained by using the camera in combination
with the detection function or the sensing function by the
sensor 20.

[0116] <Mounting Part 5>

[0117] FIG. 2 1s a side view showing one example of
sensor configuration in this embodiment. The mounting part
5 1s constituted of the sensor, the camera 30 and a connecting
part connecting those. Power supply of the mounting part 5
may be wired power supply (see (a) of FIG. 3) and may be
wireless power supply by external communication means
using a sensor terminal (see (b) of FIG. 3). A plurality of
sensors can be mounted by electrical conduction by the
powder supply mechanism of the mounting part 5. In the
connecting part connecting the sensor or camera 30, a lead
wire and may be used in the base member 15, a conductive
material may be used for forming the connecting part.

[0118] The mounting part i1s arranged on the base member
15. Material of the base member 15 may be silicon or glass,
and other than those, may be a metal such as iron or
aluminum. Alternatively, a conductive material may be laid
between the base member 15 and the mounting part. For
example, when an ultrasonic sensor 1s mounted, a vibrator
has, for example, an ultrasonic generating element 50 and 1s
fitted 1n the mounting part 5 such that the ultrasonic gener-
ating element 50 does not expose outside. In this case, a
material such as aluminum, glass, polyimide, silicon or
polycarbonate can be used for the vibrator.

[0119] <Driving Principle>

[0120] The ultrasonic generating element 50 as shown 1n
FIG. 2 generally utilizes a principle of applying high fre-
quency voltage to a piezoelectric element to vibrate the
piezoelectric element. Ultrasonic waves generated by apply-
ing high frequency voltage to a piezoelectric element to
vibrate the piezoelectric element 1s transmitted to a target
object to be measured and received as reflected waves
reflected by the object to be measured. As a result, for
example, a distance to an approaching adjacent vehicle or an
obstacle present 1n a running direction can be measured. The
ultrasonic generating element 50 1s provided with a trans-
mitting part intermittently transmitting pulse signals and a
receiving part receiving its reflected waves and therefore
functions as a sensor.

[0121] The ultrasonic generating element 50 may utilizes
a principle that a heating element 1s driven by applying an
electric current that changes 1n an ultrasonic cycle to the
heating element from a power supply and as a result, a
calorific value by the heating element follows the frequency
of an electric current and periodically changes. The periodi-
cal heat generated by the heating element 1s transmitted to
the vibrator and the temperature of the vibrator periodically
changes. The vibrator repeats thermal expansion and con-
traction periodically in a thickness direction depending on
its temperature and vibrates. Ultrasonic waves are generated
from a vibrating surface of the vibrator by the vibration. For
the heating element, an electrical resistor generating Joule
heat, such as aluminum may be used and Peltier element
may be used.

[0122] The ultrasonic generating element 50 can detect
reflected waves (from an obstacle or the like) using the
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recelving part equipped with a piezoelectric vibration detect-
ing element. For example, the piezoelectric vibration detect-
ing element can be prepared on SOI substrate by MEMS
technology and 1s formed by laminating so as to sandwich a
piezoelectric thin film between a top electrode and a bottom
clectrode. The piezoelectric thin film 1s, for example, lead
zirconate titanate (PZT), and the piezoelectric vibration
detecting element converts a displacement of the vibrating
part adjacently arranged into an electrical signal and detects
ultrasonic waves.

[0123] The piezoelectric vibration detecting element per-
forms arithmetic processing based on an electric signal
output 1nto a circuit element to conduct amplification of a
signal and removal of noises, and compares phase diflerence
and time difference between ultrasonic waves transmitted
from the transmitting part and ultrasonic waves detected.
The vibrator 1s a piezoelectric element or may be an element
stably oscillating vibration frequency, such as an electro-
magnetic actuator, a piezo element, a crystal vibrator, a
ceramic oscillator or a magnetostrictor.

[0124] As the eflect synergistically obtained, water drop-
lets and stains attached to the protective glass can be
removed by mounting the ultrasonic generating element 50
as a sensor and 1rradiating the protective glass with ultra-
SONIC waves.

[0125] By the above, a sensor module equipped with a
protective member, having both properties of various sensor
functions such as detection of a distance and removal of
stains and the chemically strengthened glass having high
rigidity 1s provided.

EXAMPLES

[0126] The present invention 1s described below based on
specific examples, but the invention i1s not construed as
being limited to the following examples.

Examples 1 to 5 and Comparative Examples 1 to 4

[0127] Large-sized plate glasses A to E having a thickness
of 0.5 mm consisting of aluminosilicate glass manufactured
by a float process were prepared. Those aluminosilicate
glasses had the following compositions 1n mass percentage
on oxide basis.

[0128] Glass A: Si10,: 60.9%, Al,O;: 12.8%, Na,O:
12.2%, K,O: 5.9%, MgO: 6.7%, CaO: 0.1%, SrO: 0.2%,
BaO: 0.2% and ZrO,: 0.1%

[0129] Glass B: Si10,: 60.9%, Al,O;: 16.8%, Na,O:
15.6%, MgO: 5.3%, K,0O: 1.2%, ZrO,: 0.3% and T10,: 0.1%

[0130] Glass C: S105: 71.6%, Al,05: 1.9%, Na,O: 13.4%,
K,0: 0.3%, MgO: 4.7%, Ca0O: 7.8% and ZrO,: 0.2%

[0131] Glass D: S10,: 59.9%, B,O5: 7.7%, Al,O4: 17.2%,
MgO: 3.3%, CaO: 4.1%, SrO: 7.7% and BaO: 0.1%

[0132] Glass E: S10,: 69.6%, Al,O5: 12.6%, L1,0: 3.9%,
Na,O: 5.4%, K,O: 1.6%, MgO: 4.7%, CaO: 0.2% and ZrO,:
2.0%

[0133] Subsequently, protective members of Examples 1
to 5 and Comparative Examples 1 to 3 were produced from
the glasses A to E through (1) plate glass cutting step, (2)
machining step, (3) polishing step, (4-1) chemical strength-
enmng step or (4-2) physical strengthening step and (5)
laminating step shown below. Glass material used 1n each
example 1s shown 1n Table 1. Glass plates having desired
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thickness were manufactured by adjusting tensile speed of a
glass when producing a glass and conducting polishing and
etching as necessary.

[0134] The protective member of Comparative Example 4
was produced using a resin 1n place of a glass.

[0135] (1) Plate Glass Cutting Step

[0136] The plate glass was cut into a given size using a
diamond blade.

[0137] (2) Machining Step

[0138] Subsequently, the end surface of the glass cut was

subjected to machining.

[0139] (3) Polishing Step

[0140] The glass subjected machining was mirror-pol-
1shed. By this, a glass having surface roughness Ra of a main
surtace of 100 nm or less was formed.

[0141] (4-1) Chemical Strengthenming Step
Examples 1 to 3
[0142] A molten salt of potassium mnitrate (KNO;) was

heated to 430° C., and the glass subjected to the polishing
step was 1mmersed in the molten salt for 5 hours 1n
Examples 1 and 3 and for 7 hours 1n Example 2 to perform
a chemical strengthening treatment. After the chemical
strengthening treatment, the glass was washed with 1on-
exchanged water at from 50 to 90° C. two times, washed

with a running i1on-exchanged water of room temperature
and then dried at 60° C. for 2 hours.

Example 4

[0143] In Example 4, the chemical strengthening treat-
ment was conducted in two stages. Specifically, the glass E
subjected to the polishing step was immersed 1n a molten salt
consisting of 100% NaNO, heated to 450° C., for 2.5 hours.
After cleaning, the glass was immersed 1n a molten salt
consisting of 100% KNO, heated to 425° C., for 1.5 hours,
followed by cleaning. Thus, a chemically strengthened glass
was obtained. Those cleanings were conducted 1n the same
manner as 1n Examples 1 to 3.

[0144] (4-2) Physical Strengthening Step
Example 5
[0145] The glass C subjected to the polishing step was

maintained in an electric furnace at a rapid cooling initiation
temperature (the vicinity of a softening temperature) for 5
minutes, taken out of the electric furnace and allowed to cool
in the atmosphere, thereby performing physical strengthen-

ng.
[0146] (5) Laminating Step
[0147] After the chemical strengthening treatment or

physical strengthening treatment, the plate glass obtained
was laminated to a cylindrical support part made of a glass
with an adhesive layer. Thus, protective members of
Examples 1 to 5 and Comparative Examples 1 to 4 were
prepared.

Evaluation Step

[0148] FEvaluation of the protective member (glass or
resin) of each example was conducted by the following
analytical method.

[0149] In the evaluation of transmittance of the protective
member, transmission spectrum in a wavelength region of
from 300 to 1000 nm was measured using a spectrophotom-

eter (U-4100 manufactured by Hitachi High-Technologies
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Corporation). The minimum value Tmin 1n a wavelength
region of from 400 to 800 nm was calculated.

[0150] Surface compressive stress value (CS) and depth of
compressive stress layer (DOL) of the strengthened glass

were measured using a glass surface stress meter FSM-6000
or SLP-1000 manufactured by Orihara Industrial Co., Ltd.

TABLE 1

Chemical strengthening conditions
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sensing function. The nigidity evaluation was conducted
based on the conditions of JASO M104. Specifically, granite
(gravel) having a size of from 9 to 15 mm as an emanation
was ejected at an angle of 90° 1n an ejection distance of 350
mm three times. The test was conducted changing an ejec-
tion pressure, and the rigidity was evaluated as follows. The

(First stage) (Second stage) Surface Depth of
Chemuical Chemuical compressive COMpressive
strengthening strengthening Glass Thickness  stress CS  stress layer DOL
Example Strengthening  Molten salt Temp/time Molten salt Temp/time material (mm) (MPa) (um)
Ex. 1 Chemuical KNO; 430° C. - - Glass A 1.0 700 45
strengthening 100 wt% 5 hours

Ex. 2 KNO, 430° C. - - Glass B 1.0 1100 45

100 wt% 7 hours
Ex. 3 KNO, 430° C. - - Glass C 1.0 600 10

100 wt% 5 hours
Ex. 4 NaNO, 450° C. KNO, 425° C. Glass E 1.0 800 150

100 wt% 2.5 hours 100 wt% 1.5 hours
Ex. 5 Physical - - - - Glass C 3.0 110 500

strengthening
Comparative Non- - - - - Glass A 1.0 - -
Ex. 1 strengthening
Comparative - - - - Glass B 1.0 - -
Ex. 2
Comparative - - - - Glass D 1.0 - -
Ex. 3
Comparative - - - - Resin 2.0 - -
Ex. 4
Rigidity
evaluation
(stepping stone Light Light Removal of Crack Heat resistance Comprehensive

Example test result) transmittance resistance water droplets resistance evaluation evaluation
Ex. 1 o o o o o o o
Ex. 2 o o o o o o o
Ex. 3 A o o o o o o
Ex. 4 o o o o o o o
Ex. 5 A o o o o o o
Comparative X o o O X O X
Ex. 1
Comparative X o O o X o X
Ex. 2
Comparative X o O o X o X
Ex. 3
Comparative X o X o X X X
Ex. 4
[0151] Evaluation results evaluating rigidity, light trans- case where the protective member was broken by the

mitting property, weather resistance, removal of water drop-
lets by ultrasonic irradiation, cracking of glass by ultrasonic
irradiation and heat resistance to the protective member of
cach example are shown in Table 1. For example, rigidity
evaluation of “o” shows that the protective member has
suilicient rigidity necessary in the case of arranging outdoors
a sensor module equipped with the protective member and
“A” shows that the protective member does not satisiy
necessary rigidity 1 a part of the results. “x” shows that
necessary rigidity 1s not satisfied in all cases.

[0152] 1. Rigidity Evaluation (Stepping Stone Test Result)

[0153] Rigidity evaluation (stepping stone test) was car-
ried out to the protective member of each example. Delor-
mation amount of a protective material when a certain force
1s applied 1s required to be small 1n order to protect a sensor
and 1n order that the internal sensor maintains certain

ejection pressure of 0.1 MPa was evaluated as “x”, the case
where the protective member was not broken by the ejection
pressure of 0.1 MPa but was broken by the ejection pressure
of 0.2 MPa was evaluated as “A”, the case where the he
protective member was not broken by the ejection pressure
of 0.2 MPa but was broken by the ejection pressure of 0.4
MPa was evaluated as “c”, and the case where the protective
member was not broken by the ejection pressure of 0.4 MPa

was evaluated as “oco”. The results are shown 1n Table 1.

[0154]

[0155] The protective materal 1s required to be not broken
when deformation 1s applied to the protective matenial.
Ring-on-ring test was conducted to the protective member of
cach example using a ji1g having upper ring: 10 mm and
lower ring: 30 mm by an autograph manufactured by Shi-
madzu Corporation. The protective member of each

2. Crack Evaluation
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example was processed 1mto a sample having a size of 50
mmx350 mmx1 mm. The case where the sample was broken
when 600 MPa or more of tensile stress was applied was

e¢ _ 2?

indicated as “c”, and the case where the sample was broken
when less than 600 MPa of tensile stress was applied was
indicated as “x”. The resin (Comparative Example 4) was
not broken, but deformation amount was large and there was
a concern of bringing into contact with an internal sensor
when force was applied. For this reason, the resin was
evaluated as “x”. As a result, 1t was understood that the
glasses subjected to the strengthening treatment of Examples
1 to 5 had ngidity and crack resistance necessary for
protecting the sensor. On the other hand, 1t was understood
that the glasses not subjected to the strengthening treatment
(Comparative Examples 1 to 3) and the resin (Comparative
Example 4) did not have suflicient rigidity and crack resis-

tance.
[0156] 3. Light Transmittance

[0157] Transmission spectrum in a wavelength region of
from 400 to 800 nm of the protective member of each
example was measured. In a sample having a size of 50
mmx50 mmx]1 mm obtained by processing the protective
member of each example, the sample having Tmin of 85%
or more was evaluated as “o” and a sample having Tmin of
less than 85% was evaluated as “x” As a result, 1t could be
confirmed that regardless of the presence or absence of the
strengthening treatment, each glass and the resin cover

showed good results.
[0158] 4. Weather Resistance

[0159] Resistance (weather resistance) to weathering and
heat shock when a sensor module equipped with the pro-
tective member of each example was arranged outdoors was
evaluated by the following tests.

[0160] The evaluation of weather resistance was con-
ducted by both a test holding the protective member of each
example at a temperature of 60° C. and a humidity of 80%
for 100 hours and thereafter a test irradiating UV light
having a wavelength of 300 nm or less for 10 hours. After
conducting those tests, the protective member 1n which 1ts
surface was slightly cloudy white (weathering) in appear-
ance was evaluated as “A”, the protective member showing
no change was evaluated as “c” and the protective member
that was deformed and discolored was evaluated as “X” As
a result, 1t could be confirmed that each glass excluding the

resin cover (Comparative Example 4) showed good results.
[0161] 3. Removal of Water Droplets

[0162] Ultrasonic vibrator was arranged in the protective
member of each example and irradiated with ultrasonic
waves, and whether water droplets attached to the protective
member can be removed (evaluation: o) or cannot be
removed (evaluation: xX) was evaluated. As a result, the effect
of removing water droplets could be confirmed 1n all of the
protective members, but cracking occurred in non-strength-
ened glasses (Comparative Examples 1 to 3). On the other
hand, cracking did not occur i1n the strengthened glasses
(Examples 1 to 3).

[0163] 6. Heat Resistance Evaluation

[0164] Transparent heater was embedded 1n the protective
member of each example, and after allowing to stand the
protective heater at an elevated temperature for a certain
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time, 1ts appearance was evaluated. Specifically, the protec-
tive member was held at 100° C. for 1 hour, and the presence
or absence of remarkable deformation and discoloration was
then wvisually observed. The protective member having
deformation and discoloration 1s indicated as “x” and the
protective member free of deformation and discoloration 1s
indicated as “o”. As a result, 1t was understood that the
protective members using a glass of Examples 1 to 5 and
Comparative Examples 1 to 3 showed good results.

[0165] Comprehensively judging from the evaluation
results of the above 1 to 6, 1t was understood that the
performance of the protective member strongly depended on
a compressive stress value (CS) and a depth of a compres-
s1ve stress layer (DOL) after the strengthening treatment due
to the composition of a glass. Furthermore, it was under-
stood based on the evaluation results obtained that CS and
DOL of the protective glass were preferably DOL being 10
um or more and CS being 100 MPa or more, and more

preferably DOL being 40 um or more and CS being 600 MPa
Or more.

Examples 6 to 10

[0166] Protective members of Examples 6 to 10 were
produced using glass E through (1) plate glass cutting step,
(2) machiming step, (3) polishing step, (4-1) chemical
strengthening step and (5) laminating step, and were evalu-
ated by 1 to 6 above.

[0167] The chemical strengthening treatment 1n Examples
6, 7 and 10 was conducted 1n two stages. Specifically, the
glass E after the polishing step was immersed 1n a molten
salt consisting of 100% NaNO,, washed, immersed 1n a
molten salt consisting of 100% KNO,, and washed. Thus, a
chemically strengthened glass was obtained. The treatment
temperature and time are show 1n Table 2.

[0168] The chemical strengthening treatment 1n Examples
8 and 9 was conducted 1n one stage. Specifically, the glass
E after the polishing step was immersed 1n a molten salt
consisting of 100% NaNO, and washed. Thus, a chemically
strengthened glass was obtained. The treatment temperature
and time are show 1n Table 2.

Examples 11 to 13

[0169] Protective members of Examples 11 to 13 were
produced using the glass B through (1) plate glass cutting
step, (2) machining step, (3) polishing step, (4-1) chemical
strengthening step and (5) laminating step, and were evalu-
ated by 1 to 6 above.

[0170] The chemical strengthening treatment was con-
ducted in one stage. Specifically, the glass B after the
polishing step was immersed 1n a molten salt consisting of
KNO, and a specific weight ratio of Na,NO, added thereto,
and then washed. Thus, a chemically strengthened glass was
obtained. The weight ratio between KNO, and Na,NO; 1n
the molten salt and the treatment temperature and time are
shown 1n Table 2.
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TABLE 2
Depth of
Chemical strengthening conditions Compressive stress CS COMpressive
(First stage) (Second stage) Surface Deep layer Deep Layer stress layer
Chemuical strengthening Chemical strengthening  Glass Thickness CS 100 pm CS 200 um CS DOL
Example  Molten salt Temp/time Molten salt Temp/time material (mm) (MPa) (MPa) (MPa) (um)
Ex. 6 NaNO;: 100 wt% 450° C. KNO;: 100 wt% 425° C. Glass E 2.0 941 80 7 217
2.5 hours 1.5 hours
Ex. 7 NaNO;: 100 wt% 450° C. KNO;: 100 wt%  425° C. 2.0 954 108 43 304
15 hours 1.5 hours
Ex. 8 NaNO;: 100 wt% 450° C. - - 2.0 264 119 49 351
24 hours
Ex. 9 NaNO;: 100 wt% 450° C. - _ 3.2 242 145 85 541
48 hours
Ex. 10 NaNO;: 100 wt% 450° C. KNO;: 100 wt% 425° C. 3.2 930 115 70 550
48 hours 1.5 hours
Ex. 11 KNO;: 95 wt%  430° C. - - Glass B 2.0 718 92 - 140
NaNO;: 5 wt% 96 hours
Ex. 12 KNO;: 95 wt%  430° C. - - 2.0 762 - - 85
NaNO;: 5 wt% 24 hours
Ex. 13 KNO;: 96 wt%  475° C. - - 2.0 760 - - 41
NaNO;: 4 wt% 3 hours
Rigidity
evaluation
(stepping stone Light Weather Removal of Crack Heat resistance Comprehensive
Example test result) transmittance resistance water droplets resistance evaluation evaluation
Ex. 6 o o o o o o o
Ex. 7 ole o o o o o o
Ex. 8 o o o o o o o
Ex. 9 ofe o o o o o o
Ex. 10 ole o o o o o o
Ex. 11 A o o o o o o
Ex. 12 A o o o o o o
Ex. 13 A o o o o o o
[0171] From the results of Table 2, in the protective case, the dome-shaped glass plate was a partially hemi-

members (chemically strengthened glasses) obtained in
Examples 6 to 13, cracking did not occur under at least an
ejection pressure of 0.1 MPa based on JASO M104 in the
rigidity evaluation (stepping stone test result). Furthermore,
the desired evaluation result was obtained in each of light
transmittance, light resistance, cracking evaluation and heat
resistance evaluation.

Examples 14 to 16

[0172] Flat plate-shaped glass E having a thickness of 6

mm was subjected to machining to form a dome-shaped
glass having an inner radius of 18 mm (inner diameter: 36
mm), an outer radius of 20 mm (outer diameter: 40 mm) and
a thickness (wall thickness) of 2 mm. The surface of the
glass plate after machining was polished. Surface roughness
Ra of the convex surface and concave surface was 8 nm, and
surface roughness Ra of the end surface was 0.15 um. In this

spherical glass having a horizontal width of 25 mm and a
height of 5.3 mm. Thereafter, the partially hemispherical
glass was immersed 1n a molten salt consisting of 100%

NaNQO,, washed, immersed in a molten salt consisting of
100% KNO, and then washed. Thus, the protective members
(partially hemispherical chemically strengthened glasses) of
Examples 14 and 15 were obtained. Protective member
(partially hemispherical chemically strengthened glass) of
Example 16 was obtained using the flat plate-shaped glass E
having a thickness of 6 mm 1n the same manners as above,
except for forming a dome-shaped glass having an 1nner
radius of 16.8 mm (inner diameter: 33.6 mm), an outer
radius of 20 mm (outer diameter: 40 mm) and a thickness
(wall thickness) of 3.2 mm. The chemical strengthening
treatment temperature and time are shown in Table 3.
Rigidity of the protective members obtained of Examples 14
to 16 was evaluated.

TABLE 3

Chemical strengthening conditions

(First stage)

(Second stage)

Chemical strengthening Chemical strengthening Thickness
Example Molten salt Temp/time Molten salt Temp/time Glass material (mm)
Ex. 14 NaNO;: 100 wt% 450° C. KNO;: 100 wt% 425° C. Glass E 2.0
2.5 hours 1.5 hours
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TABLE 3-continued

Ex. 15 NaNO;: 100 wt% 450° C. KNO;: 100 wt% 425° C. 2.0
15 hours 1.5 hours
Ex, 16 NaNO;: 100 wt% 450° C. KNO;: 100 wt% 425° C. 3.2
48 hours 1.5 hours
Compressive stress CS
Convex surface Concave surface Surface CS of DOL of convex
Depth of Depth of convex surface - surface -
Surface compressive stress Surface compressive stress surface CS of  DOL of concave Rigidity evaluation
CS layer DOL CS layer DOL concave surface surface (stepping stone test
Example (MPa) (um) (MPa) (um) (MPa) (um) result)
Ex. 14 946 227 936 207 10 20 o
Ex. 15 964 324 944 284 20 40 ole
Ex. 16 945 590 920 510 25 80 ole
[0173] From the results of Table 3, the partially hemi- the strengthened glass 1s a chemically strengthened glass

spherical chemically strengthened glasses (protective mem-
bers) obtained 1n Examples 14 to 16 were that cracking did
not occur under at least an ejection pressure of 0.2 MPa
based on JASO M104 1n the ngidity evaluation (stepping
stone test result), thus showing high rigidity.

[0174] According to this embodiment, a sensor module
having excellent rigidity, scratch resistance and weather
resistance and suitable for outdoor uses can be provided.
[0175] Although the preferred embodiment of the present
invention 1s described in detail below, but the present
invention 1s not construed as being limited to the above-
described specific embodiments and various modifications
or changes can be made 1n the range of the gist of the present
invention described in the scope of the claims.

[0176] Although the present invention has been described
in detail and by reference to the specific embodiments, 1t 1s
apparent to one skilled in the art that various modifications
or changes can be made without departing the spirit and
scope of the present mnvention. This application 1s based on
Japanese Patent Application No. 2017-132137 filed Jul. 3,
2017, the disclosure of which 1s incorporated herein by
reference 1n 1ts entity.

REFERENCE SIGNS LIST

[0177] 1: Protective member
[0178] 2: Support part

[0179] S: Mounting part
[0180] 10: Protective glass
[0181] 15: Base member
[0182] 20: Sensor

[0183] 25: Power source
[0184] 30: Camera

[0185] 40: Vibrator

[0186] 350: Ultrasonic generating element
[0187] 60: Transparent heater

1. A sensor module comprising:
a base member;

at least one of a single or a plurality of sensors and
vibrators arranged on the base member; and

a protective member constituted of at least one flat surface
or a curved surface, provided so as to cover the at least
one of the sensors and the vibrators,

wherein a part or whole of the protective member 1s
formed of a strengthened glass and

or a physically strengthened glass.

2. The sensor module according to claim 1, wherein the
strengthened glass has a surface compressive stress value of
400 MPa or more and a depth of compressive stress layer of
10 um or more.

3. The sensor module according to claim 2, wherein the
strengthened glass has the surface compressive stress value
of 600 MPa or more and the depth of compressive stress
layer of 40 um or more.

4. The sensor module according to claim 1, wherein the
strengthened glass 1s a chemically strengthened glass and
has a thickness of from 0.5 mm to 3.5 mm.

5. The sensor module according to claim 1, wherein the
strengthened glass 1s a chemically strengthened glass, has a
thickness of from 1.5 mm to 3.5 mm, and has a depth of
compressive stress layer i a range of from 200 um to 580
L.

6. The sensor module according to claim 5, wherein the
chemically strengthened glass has a surface compressive
stress value of 700 MPa or more.

7. The sensor module according to claim 5, wherein the
chemically strengthened glass has the depth of the compres-
s1ve stress layer 1n a range of from 250 um to 380 um, and
has a compressive stress value at a depth of 100 um from a
surface of 100 MPa or more.

8. The sensor module according to claim 5, wherein the
chemically strengthened glass has a curved surface shape
having a convex surface and a concave surface, and

a value obtained by subtracting a surface compressive

stress value of the concave surface from a surface
compressive stress value of the convex surface 1s 10
MPa or more.

9. The sensor module according to claim 8, wherein a
value obtained by subtracting a depth of compressive stress
layer of the concave surface from a depth of compressive
stress layer of the convex surface 1s 10 um or more.

10. The sensor module according to claim 1, wherein the
chemically strengthened glass has at least one bending point
in a region forming the compressive stress layer and has a
stress distribution curve having a different inclination with
the bending point as a boundary.

11. The sensor module according to claim 1, wherein the
vibrator has an ultrasonic generating element.

12. The sensor module according to claim 1, wherein the
protective member has a transparent heater.
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13. The sensor module according to claim 1,

wherein the strengthened glass has a first main surface
and a second main surface facing the first main surface,
and has an end surface between the first main surface
and the second main surface, and

the end surface has a surface roughness 1n a range of from

0.01 um to 1.0 um.

14. The sensor module according to claim 1, wherein the
strengthened glass 1s a glass ceramics.

15. The sensor module according to claim 1, wherein the
strengthened glass has a water-repellent film on the surface
of the strengthened glass.

16. A protective glass constituted of a flat surface or a
curved surface,

wherein a part or whole of the protective glass 1s a

strengthened glass, and

the strengthened glass 1s a chemically strengthened glass

or a physically strengthened glass.

17. The protective glass according to claim 16, having an
ultrasonic vibrator.

18. The protective glass according to claim 16, having a
transparent heater.
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