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DISPLAY DEVICE, ELECTRONIC
APPARATUS, AND MANUFACTURING
METHOD OF DISPLAY DEVICE

CROSS REFERENCES TO RELATED
APPLICATIONS

[0001] The present application claims priority to Japanese
Priority Patent Application JP 2013-065176 filed in the Japan
Patent Office on Mar. 26, 2013, the entire content of which is
hereby incorporated by reference.

BACKGROUND
[0002] 1. Field of the Invention
[0003] The present disclosure relates to a display device

provided with a liquid crystal panel, relates to an electronic
apparatus provided with such a display device, and relates to
a manufacturing method of the display device.

[0004] 2. Description of the Related Art

[0005] In recent years, as a display device mounted on an
electronic apparatus such as vehicle meter and clock, there is
proposed a structure including an analog display unit having
an indicator needle rotated by a driving unit via a rotational
shaft and a liquid crystal display unit having a liquid crystal
panel, in order to improve luxury taste or the like. In such a
display device, a through hole is formed in the liquid crystal
panel, a backlight and the like, and the rotational shaft is
passed through the through hole.

[0006] Japanese Patent Application Laid-open No. 2010-
139657 describes a liquid crystal panel including a first sub-
strate, a second substrate oppositely disposed relative to the
first substrate, a first seal member disposed between the first
and second substrates for surrounding a liquid crystal, and a
second seal member disposed in a region surrounded by the
first seal member. A through hole is formed passing through
the first and second substrates and the second seal member.
Japanese Patent Application Laid-open No. 2010-139657
also describes a display device including the liquid crystal
panel, a backlight, a rotational shaft, and an indicator needle,
in which the backlight is disposed on a back surface side of
the liquid crystal panel and provided with a backlight through
hole formed therein, the rotational shaft is inserted through
the through hole of the liquid crystal panel and the backlight
through hole of the backlight, and the indicator needle is
disposed on a display surface side of the liquid crystal panel,
and connected to the rotational shaft.

[0007] In the display device described in Japanese Patent
Application Laid-open No. 2010-139657, the through holes
into which the rotational shaft is inserted are formed. The
display device has a space between the through holes and the
rotational shaft to enable the rotational shaft to freely rotate.
Thereby, foreign substances may enter in this display device
from the through holes.

SUMMARY

[0008] It is an object of the present invention to at least
partially solve the problems in the conventional technology.
[0009] Thereis disclosed a display device for displaying an
image on a display surface, the display device including a
liquid crystal panel having the display surface, the liquid
crystal panel with a first through hole formed in the display
surface, a backlight disposed oppositely to the liquid crystal
panel, the backlight with a second through hole formed at a
position overlapping with the first through hole, and a cap
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inserted into the first through hole and the second through
hole. The cap includes a tube portion with athird through hole
formed, the third through hole parallel to the first through hole
and the second through hole, and a flange portion formed at
least one end of the tube portion, the flange portion having an
outer diameter larger than a diameter of the first through hole,
and larger than a diameter of the second through hole.
[0010] Thereis disclosed an electronic apparatus including
the aforementioned display device, a control unit to supply an
input signal to the display device, and a movement mecha-
nism. The movement mechanism includes an indicator needle
disposed along the display surface of the display device, a
rotational shaft inserted into the third through hole, and a
motor to rotate the rotational shaft, the motor disposed on an
opposite side of the display device from the display surface.
[0011] There is disclosed a method for manufacturing a
display device with a through hole formed in a display surface
on which an image is displayed. The method includes align-
ing a liquid crystal panel having a first through hole formed
and a backlight having a second through hole formed so that
the first through hole and the second through hole overlap
with each other, and inserting a cap into the first through hole
and the second through hole. The cap includes a tube portion
with a third through hole formed, the third through hole
parallel to the first through hole and the second through hole,
and a flange portion formed at least one end of the tube
portion, the flange portion having an outer diameter larger
than a diameter of the first through hole, and larger than a
diameter of the second through hole.

[0012] The above and other objects, features, advantages
and technical and industrial significance of this invention will
be better understood by reading the following detailed
description of presently preferred embodiments of the inven-
tion, when considered in connection with the accompanying
drawings.

[0013] The following description is only for illustrative
purpose. Any change, rearrangement, modification or the like
readily derived from or substantially equivalent with the
present disclosure without departing from the spirit and scope
of the invention is encompassed within the present invention.
For better understanding of the disclosure, the accompanying
drawings may be schematic and not to scale with actual
width, thickness, shapes of individual elements or compo-
nents in actual embodiments. In any case, the accompanying
drawings are for illustrative purpose only and not to be con-
strued as any limitation of the present disclosure. In the fol-
lowing description and drawings, the corresponding elements
or components in the plurality of drawings carry the identical
numeric references, and the redundant explanation may be
omitted as appropriate.

[0014] Additional features and advantages are described
herein, and will be apparent from the following Detailed
Description and the figures.

BRIEF DESCRIPTION OF THE FIGURES

[0015] FIG. 1 is a schematic view illustrating a general
configuration of a meter unit according to the present embodi-
ment;

[0016] FIG. 2 is a schematic view illustrating a cross sec-
tion of one of the instruments included in the meter unit
illustrated in FIG. 1;

[0017] FIG. 3 is an enlarged cross sectional view illustrat-
ing peripheral portions of through holes of a liquid crystal
panel and a backlight illustrated in FIG. 2;
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[0018] FIG. 4 is a perspective view illustrating a general
configuration of the cap;

[0019] FIG. 5 is a perspective view illustrating a general
configuration of another example of the cap;

[0020] FIG. 6 is a perspective view illustrating a general
configuration of still another example of the cap;

[0021] FIG.7isaschematic view illustrating an instrument
according to another embodiment;

[0022] FIG.8 is a schematic view illustrating an instrument
according to still another embodiment;

[0023] FIG.9isa schematic view illustrating an exemplary
manufacturing method of a display device; and

[0024] FIG. 10 is a schematic view illustrating another
exemplary manufacturing method of a display device.

DETAILED DESCRIPTION

[0025] The present disclosure will now be described
according to the following orders and with reference to the
accompanying drawings:

1. Electronic Apparatus Unit

[0026] Anexample of adevice to which an electronic appa-
ratus according to an embodiment of the present disclosure is
applicable;

2. Electronic Apparatus

[0027] A configuration of the electronic apparatus accord-
ing to the present embodiment; and

3. Manufacturing Method of Display Device

1. Electronic Apparatus Unit

[0028] First, an explanation will be made on a case where
an electronic apparatus including a display device according
to the present embodiment is applied to a meter unit mounted
on an instrumental panel of an automobile, for example.

1-1. Configuration of Electronic Apparatus

[0029] FIG. 1 is a schematic view illustrating a general
configuration of a meter unit according to the present embodi-
ment. A meter unit (an electronic apparatus unit) 100 illus-
trated in FIG. 1 includes a plurality of instruments (electronic
apparatuses) 110a, 1105, 110c, and 1104, and a face panel
120 that holds the instruments 110a, 11054, 110c¢, and 1104.
The instrument 110a is a tachometer. The instrument 1104
has a display device 130a and a movement mechanism 150a.
The instrument 110q is configured to inform a user (e.g. a
drive or the like) the current number of revolutions by moving
(rotating) an indicator needle 1534 of the movement mecha-
nism 150a on revolution scale marks displayed on the display
device 130a. The instrument 1105 is a speed meter. The
instrument 1104 has a display device 1305 and a movement
mechanism 1505. The instrument 1106 is configured to
inform the user the current speed by moving (rotating) an
indicator needle 1535 of the movement mechanism 1505 on
speed scale marks displayed on the display device 1305. The
instrument 110c¢ is a fuel gauge. The instrument 110¢ has a
display device 130¢ and a movement mechanism 150¢. The
instrument 110c¢ is configured to inform the user the current
amount of remaining fuel by moving (rotating) an indicator
needle 153¢ of the movement mechanism 150c¢ on fuel level
scale marks displayed on the display device 130c¢. The instru-
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ment 1104 is a water temperature gauge. The instrument 1104
has a display device 1304 and a movement mechanism 1504.
The instrument 1104 is configured to inform the user the
current water temperature by moving (rotating) an indicator
needle 1534 of the movement mechanism 1504 on tempera-
ture scale marks displayed on the display device 1304.

2. Electronic Apparatus

[0030] An explanation will now be made on the instruments
(the electronic apparatuses) 110a, 1105, 110¢, and 1104
included in the meter unit (the electronic apparatus unit) 100.
The instruments (the electronic apparatuses) 110a, 1105,
110¢, and 110d have basically the same configuration except
that displayed images and positions to form the movement
mechanisms are different from each other. In the following
explanation, the instruments (the electronic apparatuses)
110a, 1105, 110¢, and 1104 are referred to collectively as
instrument 110. Similarly, the display devices 130a, 1305,
130c, and 1304 are referred to collectively as display device
130, the movement mechanisms 1504, 1505, 150¢, and 1504
are referred to collectively as movement mechanism 150, and
the indicator needles 153a, 1535, 153 ¢, and 1534 are referred
to collectively as indicator needle 153.

[0031] FIG. 2 is a schematic view illustrating a cross sec-
tion of one of the instruments included in the meter unit
illustrated in FIG. 1. FIG. 3 is an enlarged cross sectional view
illustrating peripheral portions of through holes of a liquid
crystal panel and a backlight illustrated in FIG. 2. As illus-
trated in FIGS. 2 and 3, the instrument 110 includes the
display device 130 as an image display unit and the movement
mechanism 150 as an analog display unit as mentioned above.
[0032] As illustrated in FIG. 2, the display device 130
includes a liquid crystal panel 160 that has a first through hole
(a liquid-crystal-panel through hole) H formed therein, a
backlight unit 180 that is formed on a back surface side of the
liquid crystal panel 160 and that has a second through hole (a
backlight through hole) 186 formed therein, and a frame 190
that houses the liquid crystal panel 160 and the backlight unit
180. The display device 130 also includes a cap 1 that is
inserted through the first through hole H and the second
through hole 186 and that has a third through hole 2 formed
therein. The liquid crystal panel 160 according to the present
embodiment is a liquid crystal panel using TFT (Thin Film
Transistor) elements as drive elements. The first through hole
H is formed in the middle of a display region within the
display surface. However, the position where the first through
hole H is to be formed is not limited to a geometrical center of
the display region. So long as such a position is located within
the display surface, the position where the first through hole H
is to be formed is not limited to any specific position.

[0033] As illustrated in FIG. 3, the liquid crystal panel 160
includes a TFT substrate (a first substrate) 161 and a counter
substrate (a second substrate) 162. A liquid crystal region 165
where a liquid crystal 164 is filled is formed between the TFT
substrate 161 and the counter substrate 162.

[0034] The TFT elements, pixel electrodes, common elec-
trodes, an orientation film, and the like, which are not illus-
trated in FIG. 2 or FIG. 3, are formed on a front surface 161a
of the TFT substrate 161 in a stacking manner. A polarization
plate 163 is placed on a back surface 1615 of the TFT sub-
strate 161. A flexible printed circuit (FPC) and a drive inte-
grated circuit (IC) for driving the liquid crystal, which are not
illustrated, are also provided on the TFT substrate 161. Color
filters, an orientation film, and the like, which are not illus-
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trated in FIG. 2 or FIG. 3, are provided on a front surface 162a
of the counter substrate 162 in a stacking manner. Another
polarization plate 163 is placed on a back surface 1625 of the
counter substrate 162. In this embodiment, a back surface
1635 of this another polarization plate 163 becomes the dis-
play surface on which an image is displayed. Specifically, the
image is displayed in a display region within the display
surface.

[0035] A main seal (not illustrated) that seals the liquid
crystal 164 between the TFT substrate 161 and the counter
substrate 162 is formed on either the front surface 161a of the
TFT substrate 161 or the front surface 162a of the counter
substrate 162. A through hole seal 169 that seals the liquid
crystal 164 between the TFT substrate 161 and the counter
substrate 162 is formed on either the front surface 161a of the
TFT substrate 161 or the front surface 162a of the counter
substrate 162.

[0036] Theliquid crystal panel 160 has a structure in which
the TFT substrate 161 and the counter substrate 162 are
bonded together in a state where the front surface 161a and
the front surface 162a face each other. In the liquid crystal
panel 160, the liquid crystal 164 is sealed between the TFT
substrate 161 and the counter substrate 162 by the main seal
serving as a first seal member, thereby forming the liquid
crystal region 165. In the liquid crystal panel 160, the through
hole seal 169 serving as a second seal member is formed in the
liquid crystal region 165.

[0037] Asillustrated in FIGS. 2 and 3, the first through hole
H passing through from the TFT substrate 161 to the counter
substrate 162 is formed in the liquid crystal panel 160. The
first through hole H is provided to pass through the through
hole seal 169. In the through hole H, an inner diameter of a
hole 167 provided in the TFT substrate 161 is smaller than an
inner diameter of a hole 169« of the through hole seal 169, and
an inner diameter of a hole 168 provided in the counter
substrate 162 is smaller than the inner diameter of the hole
1694 of the through hole seal 169.

[0038] Thereby, as illustrated in FIG. 3, the display panel
11 has a structure in which the inner wall of the hole 167 of the
TFT substrate 161 in the vicinity of the through hole H and the
inner wall of the hole 168 of the counter substrate 162 in the
vicinity of the through hole are supported by the through hole
seal 169. Thus, the periphery of the inner wall of the hole 167
ofthe TFT substrate 161 and the periphery of the inner wall of
the hole 168 of the counter substrate 162 are supported by the
through hole seal 169. Thereby, an inside of the liquid crystal
panel 160, i.e. aregion in which the liquid crystal is filled and
sealed or a region in which TFTs are formed, is not exposed in
the first through hole H from the through hole seal 169.
[0039] The backlight unit 180 has a configuration in which
a prism sheet 181, a diffusion plate 182, a backlight 183, and
a reflection plate 184 are stacked one on top of another, as
illustrated in FIGS. 2 and 3. The backlight unit 180 is dis-
posed on the back surface side of the liquid crystal panel 160
and configured to irradiate a display region of the liquid
crystal panel 160 with light. The second through hole 186 is
formed in the backlight unit 180. The prism sheet 181, the
diffusion plate 182, the backlight 183, and the reflection plate
184 have their respective through holes 186a formed in
advance. The backlight through hole 180 can be formed by
aligning the through holes 1864 respectively formed in the
prism sheet 181, the diffusion plate 182, the backlight 183,
and the reflection plate 184 so as to making one through hole
by stacking the prism sheet 181, the diffusion plate 182, the
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backlight 183, and the reflection plate 184. Thus, by forming
the respective through holes 1684 in advance for the prism
sheet 181, the diffusion plate 182, the backlight 183, and the
reflection plate 184, respectively, it is possible to reduce or
suppress the increase in the number of manufacturing pro-
cesses for fabricating the backlight 180.

[0040] In the present embodiment, the backlight 183
includes a light-emitting diode (LED) 183a serving as a light
source and a light guide plate 1835 guiding the light emitted
from the LED 183a.

[0041] As illustrated in FIG. 2, the frame 190 includes an
outer circumferential wall 191 and is formed in a cylindrical
shape with a front surface thereof opened. A through hole
190a is formed on a bottom surface of the frame 190. The
display device 130 is formed by housing the liquid crystal
panel 160 and the backlight unit 180 within the outer circum-
ferential wall 191 of the frame 190. In the display device 130,
the first through hole H, the second through hole 186 of the
backlight unit 180, and the through hole 1904 of the frame
190 are in a continuous state to form one through hole
together.

[0042] An explanation will now be made on the cap 1 with
reference to FIGS. 2 to 4. FIG. 4 is a perspective view illus-
trating a general configuration of the cap. As illustrated in
FIGS. 2 and 3, the cap 1 is inserted into the first through hole
H and the second through hole 186. The cap 1 has a tube
portion 10, a flange portion 12 connected to one end of the
tube portion 10, and a flange portion 14 connected to the other
end of the tube portion 10.

[0043] The tube portion 10 has a cylindrical shape. A hol-
low portion inside of the cylindrical shape serves as the third
through hole 2. The tube portion 10 is inserted into the first
through hole H and the second through hole 186 which are
aligned to form one through hole. Thus, the outer circumfer-
ential surface of the tube portion 10 faces the first through
hole H and the second through hole 186. The tube portion 10
has a length in the axial direction of the cylindrical shape
substantially equal to the sum of that of the first through hole
H and that of the second through hole 186, and the outer
circumferential surface thereof has a diameter substantially
the same as or slightly smaller than an inner diameter of the
first through hole H and the second through hole 186. The
tube portion 10 is placed all over the first through hole H and
the second through hole 186 in the axial direction of the holes
of the first through hole H and the second through hole 186.
[0044] The flange portion 12 is connected to one end of the
tube portion 10, specifically an end of the tube portion 10 on
the side of the liquid crystal panel 160 in the axial direction.
The flange portion 12 is a ring-shaped member having an
opening formed on the center side and has an inner diameter
equal to that of the tube portion 10 and an outer diameter
larger than an opening diameter of the first through hole H and
the second through hole 186. The flange portion 12 in the
present embodiment is formed integrally with the tube por-
tion 10 as illustrated in FIG. 4. The flange portion 12 is placed
outside of the first through hole H and a surface of the flange
portion 12 on the side of the liquid crystal panel 160 faces the
liquid crystal panel 160. In the present embodiment. the sur-
face of the flange portion 12 on the side of the liquid crystal
panel 160 is in contact with the liquid crystal panel 160.
[0045] The flange portion 14 is connected to the other end
of the tube portion 10, specifically an end of the tube portion
10 on the side of the backlight unit 180 in the axial direction.
The flange portion 14 is a ring-shaped member having an
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opening formed on the center side and has an inner diameter
equal to that of the tube portion 10 and an outer diameter
larger than the opening diameter of the first through hole H
and the second through hole 186. The flange portion 14 in the
present embodiment is fixed to the tube portion 10 by adhe-
sion or the like, as illustrated in FIG. 4. Specifically, an
adhesive agent is applied to an adhesion area 16 of an inner-
diameter side part of a surface of the flange portion 14 on the
side of the tube portion 10. The adhesion area 16 of the flange
portion 14 is contacted with an end surface of the tube portion
10 on the side ofthe flange portion 14 to be adhered to the tube
portion 10. A substance or material to be applied to the adhe-
sion area 16 is not limited to the adhesive agent and a double-
faced tape can be used. The flange portion 14 is placed outside
of the second through hole 186 and a surface of the flange
portion 14 on the side of the backlight unit 180 faces the
backlight unit 180. In the present embodiment, the surface of
the flange portion 14 on the side of the backlight unit 180 is in
contact with the backlight unit 180.

[0046] The cap 1 has a configuration as mentioned above,
in which the tube portion 10 is placed on the inner sides of the
first through hole H and the second through hole 186, the
flange portion 12 closes an end on the side of the first through
hole H, and the flange portion 14 closes an end on the side of
the second through hole 186. Thereby, the cap 1 closes both
ends in the axial direction in an area where the first through
hole H and the second through hole 186 face the tube portion
10, using the flange portions 12 and 14. Therefore, the cap 1
closes openings of the liquid crystal panel 160 and the back-
light unit 180 formed by the first through hole H and the
second through hole 186. The cap 1 has the openings formed
on theinner circumferential surface of the tube portion 10 and
on the side of the inner diameters of the flange portions 12 and
14, so that the third through hole 2 is formed on the central
axis side. Thereby, in the cap 1, a space opened outward is
provided inside of the tube portion 10. The third through hole
2 is configured to be parallel to the first through hole H and the
second through hole 186 when inserted into them.

[0047] The cap 1 closes the openings of the liquid crystal
panel 160 and the backlight unit 180 formed by the first
through hole H and the second through hole 186, thereby
preventing foreign substances from entering inside of the
liquid crystal panel 160 and the backlight unit 180 through the
first through hole H and the second through hole 186, respec-
tively. Thereby, a risk that foreign substances reach an area
overlapping with the display surface and cause unevenness or
a defect in an image or that the foreign substances reach a
circuit and cause a malfunction of the circuit can be reduced.
[0048] In the cap 1, the flange portion 12 and the flange
portion 14 each having the outer diameters larger than that of
the first through hole H and that of the second through hole
186 respectively are arranged on the both ends of the third
through hole 2 in the axial direction, thereby preventing the
cap 1 from axially moving. Accordingly, the cap 1 can be
fixed to the liquid crystal panel 160 and the backlight unit 180.
[0049] Referring back to FIG. 2, the instrument 110 is
continuously explained. The movement mechanism 150
includes a motor 151 as a drive unit and the indicator needle
153 rotated by the motor 151 via a rotational shaft 152.
[0050] The instrument 110 is formed by combining the
display device 130 and the movement mechanism 150 with
each other. The motor 151 of the movement mechanism 150
is placed on a back surface side of the frame 190 that houses
the liquid crystal panel 160 and the backlight unit 180. The
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rotational shaft 152 of the movement mechanism 150 is
inserted through the first through hole H, the second through
hole 186, the third through hole 2 of the cap 1, and the through
hole 190q of the frame 190. In this way, the indicator needle
153 of the movement mechanism 150 is placed on the display
surface side of the liquid crystal panel 160. The instrument
110 is capable of displaying a scale mark display, an alarm
display, and the like on the display surface of the liquid crystal
panel 160, and also capable of rotating the indicator needle
153 of the movement mechanism 150 on the display surface
side of the liquid crystal panel 160.

[0051] As described above, in the instrument 110, the rota-
tional shaft 152 of the movement mechanism 150 is inserted
through the third through hole 2. Thereby, it is possible to
achieve a structure in which the indicator needle 153 is placed
on the display surface side of the display device 130, while
other parts of the movement mechanism 150 than the indica-
tor needle 153 are not exposed on the display surface side of
the display device 130. This enables the indicator needle 153
and an image on the display device 130 to be easily viewed.

[0052] In the instrument 110, the cap 1 is provided on the
inner sides of the first through hole H of the liquid crystal
panel 160 and the second through hole 186 of the backlight
unit 180 ofthe display device 130, thereby preventing foreign
substances from entering inside of the liquid crystal panel 160
and the backlight unit 180 from the through hole side, as
mentioned above.

[0053] The instrument 110 includes the backlight unit 180
provided on the back surface side of the liquid crystal panel
160. The motor 151 of the movement mechanism 150 is
arranged on a back surface side of the backlight unit 180 and
the rotational shaft 152 of the movement mechanism 150 is
inserted through the third through hole 2. Therefore, the
instrument 110 can realize the display device 130 with a
simple configuration.

[0054] The instrument 110 uses an analog (i.e. real) indi-
cator needle. Thereby, it is possible to reduce any irregular
movement of the indicator needle even in a condition where a
display response of the liquid crystal is slow, such as a low
temperature condition. Specifically, in a case where an indi-
cator needle is displayed as animage on the display device, if
the response speed of the liquid crystal is slow, the image to be
displayed cannot follow the information on needle movement
which is input as an image signal. Thus, there may be a
situation where no indicator needle is displayed on the dis-
play device of the vehicle meter. In contrast, according to the
present embodiment, since the real indicator needle is used, it
is possible to ensure that the indicator needle is always in a
visible state.

[0055] The cap 1 is preferably made of a resin. When the
cap 1 is made of a resin, scratches or the like on the liquid
crystal panel 160 or the backlight unit 180 can be prevented
even when the cap 1 contacts the liquid crystal panel 160 or
the backlight unit 180.

[0056] Furthermore, the cap 1 is preferably made of a non-
translucent resin. A non-translucent property is a property of
not transmitting light and may be realized by using a colored
resin, for example. Various colors including black can be used
as the color. By using the cap 1 made of a non-translucent
resin, the light irradiated to the liquid crystal panel 160 from
the backlight unit 180 can be prevented from emitting through
the third through hole 2, and/or can be prevented from emit-
ting through a region where no pixel exists in the vicinity of
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the first through hole H on the display surface of the liquid
crystal panel. Thereby, the cap 1 can prevent the light leakage.
[0057] In the cap 1, the tube portion 10 and the flange
portion 14 are connected by adhesion. However, the connec-
tion method is not limited thereto. FIGS. 5 and 6 are perspec-
tive views each illustrating a general configuration of other
examples of the cap.

[0058] A cap la illustrated in FIG. 5 has a tube portion 10a
and flange portions 12a and 14a. The cap la has a threaded
portion 16a formed at a connection between the tube portion
10 and the flange portion 14a. Specifically, an external
thread (male thread) 20 is formed on the tube portion 10q, an
internal thread (female thread) 22 is formed on the flange
portion 14a, and the external thread 20 and the internal thread
22 constitute the threaded portion 164. In the cap la, the tube
portion 10a can be connected with the flange portion 14a by
rotating the tube portion 10« and the flange portion 144 rela-
tive to each other to engage the external thread 20 into the
internal thread 22. Thus, similarly to the cap 1, it is possible
for the cap la to connect the tube portion 10a with the flange
portion 144 by a mechanical engaging mechanism. [t is also
possible for the cap la to adjust the position of the flange
portion 14a relative to the tube portion 10a by rotating the
tube portion 10a and the flange portion 14a relative to each
other. Thus, a gap or distance between the flange portion 12a
and the flange portion 14a can be adjusted. Therefore, it is
possible to make sure that the flange portion 12a and the
flange portion 14a are in contact with the liquid crystal panel
160 and the backlight unit 180, respectively. Furthermore,
attachment or detachment between the tube portion 10a and
the flange portion 14a can be easily achieved.

[0059] A cap 1billustrated in FIG. 6 has a tube portion 106,
a flange portion 124, and a flange portion 145, which are
integrally formed. When the flange portion 125 and the flange
portion 145 are formed integrally with the tube portion 104,
the cap 15 is preferably formed of a stretchable and/or
deformable elastic body. When using the cap 16 made of such
an elastic body, it is possible to insert the cap 14 into the first
through hole H of the liquid crystal panel 160 and the second
through hole 186 of the backlight unit 180 by deforming the
cap 15, specifically deforming at least one of the flange por-
tion 126 and the flange portion 144. Thus, the tube portion 105
can be formed integrally with the flange portion 125 and the
flange portion 145 to form the cap 1.

[0060] In the cap 1, 1a, or 15, the tube portion 10, 10a, or
1054 is preferably in contact with the first through hole H and
the second through hole 186. Specifically, it is preferable that
the tube portion 10, 10a, or 105 is formed of an elastic body
to apply a certain biasing force from the tube portion 10, 10q,
or 104 to the first through hole H and the second through hole
186. When the tube portion 10, 10a, or 104 is pressed against
the first through hole H and the second through hole 186, the
first through hole H and the second through hole 186 can be
closed by the tube portion 10, 104, or 105. When the tube
portion 10,10a, or 105 is pressed against the first through hole
H and the second through hole 186, a state where the tube
portion 10, 10a, or 1054 does not easily move with respect to
the first through hole H and the second through hole 186 can
be achieved.

[0061] Thecap1, la, or 15 1s not limited to a shape having
the tube portion 10, 10a, or 105, the flange portion 12, 124, or
124 to contact with the display surface of the liquid crystal
panel 160, and the flange portion 14, 144, or 145 to contact
with the back surface of the backlight unit 180 as in the
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embodiment mentioned above. It is sufficient that the cap 1,
1a, or 15 can close the first through hole H and the second
through hole 186 and that the cap 1, 1¢, or 15 includes at least
the tube portion 10, 104, or 105. For example, so long as the
tube portion 10 can close the first through hole H and the
second through hole 186 as mentioned above, it is unneces-
sary to provide the flange portion 12, 12a, or 125 and the
flange portion 14, 144, or 145.

[0062] The cap 1, 1a, or 15 preferably includes the flange
portion 12, 12a, or 125 on the display surface of the liquid
crystal panel 160 as in the embodiment mentioned above.
When including the flange portion 12, 12a, or 124, the cap 1,
1a, or 1 can prevent light from easily leaking from near the
through hole on the display surface. This effect can be suit-
ably obtained when the cap 1, 1a, or 1b is formed of a
non-translucent resin, as mentioned above.

[0063] Inthecap 1, 1a, or 15, when the flange portion 12,
124, or 125 is provided on the display surface of the liquid
crystal panel 160 as in the embodiment mentioned above, it is
preferable to bond the flange portion 12, 12a, or 125 to the
display surface of the liquid crystal panel 160 by adhesion,
sticking (pressure sensitive adhesion), or the like. Accord-
ingly, the flange portion 12, 12a, or 126 and the display
surface of the liquid crystal panel 160 can be closely con-
tacted with each other to provide more secure closing. Simi-
larly, when the flange portion 14, 144, or 14binthecap 1, 1q,
or 156 is provided on the back surface of the backlight unit 180
as in the embodiment mentioned above, it is preferable to
bond the flange portion 14, 14a, or 145 to the back surface of
the backlight unit 180 by adhesion, sticking (pressure sensi-
tive adhesion), or the like. Accordingly, the flange portion 14,
14a, or 145 and the back surface of the backlight unit 180 can
be closely contacted with each other to provide more secure
closing.

[0064] FIGS. 7 and 8 are schematic views each illustrating
an instrument according to other embodiments. The instru-
ments (the electronic apparatuses) illustrated in FIGS. 7 and
8 have the same configuration as that of the instrument
according to the aforementioned embodiment, except for
shapes of caps. A cap 1c of the instrument illustrated in FIG.
7 includes a flange portion 12¢ only on the display surface
side of the liquid crystal panel 160. That is, the cap 1¢ includes
the flange portion 12¢ on an end surface thereof on the display
surface side. Also when only the flange portion 12¢ is pro-
vided as in the cap 1¢, an end portion of the first through hole
H on the side of the liquid crystal panel 160 can be closed. In
this way, the cap 1c¢ also can suppress entrance of foreign
substances to some extent by closing the end portion of the
first through hole H on the side of the liquid crystal panel 160.
That is, when a space between the first and second through
holes H and 186 and the tube portion 10¢ is not completely
closed, specifically even when an end portion of the tube
portion 10c on the side of the second through hole 186 is
opened, the cap 1c¢ can suppress entrance of foreign sub-
stances to some extent by placing the tube portion 10¢ to face
the first through hole H and the second through hole 186 and
closing the end portion of the tube portion 10c¢ on the display
surface side using the flange portion 12¢.

[0065] A cap 1d illustrated in FIG. 8 includes a flange
portion 12d only on the display surface side of the liquid
crystal panel 160. In the cap 1d, an end portion of a tube
portion 104 on the side of the backlight unit 180 reaches a
through hole 1924 of the frame 190. The cap 14 can prevent
foreign substances, which have been possibly entering the
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third through hole 2 of the cap 14, from entering a space
between the backlight unit 180 and the frame 190, since the
tube portion 104 extends to the through hole 192. As men-
tioned above, the cap may be formed into various shapes.
[0066] When the instrument and display device have the
flange portion on the display surface side, i.e. on the liquid
crystal panel side, the light leakage can be prevented owing to
the flange portion. In this case, a black matrix may be further
disposed in the peripheral region of the through hole of the
liquid crystal panel in order to make sure that the light leakage
is prevented.

3. Manufacturing Method of Display Device

[0067] An explanation will now be made on a manufactur-
ing method of a display device according to an embodiment
of the present disclosure. FIG. 9 is a schematic view illustrat-
ing an exemplary manufacturing method of a display device.
The method illustrated in FIG. 9 is applied to a display device
using the cap 1 as illustrated in FIG. 4 or the cap la as
illustrated in FIG. 5, as a cap.

[0068] In the manufacturing method of the display device,
the tube portion 10 having the flange portion 12 formed
therewith is inserted through the first through hole H and the
second through hole 186 from the front surface side of the
liquid crystal panel 160 to the back surface side of the back-
light unit 180. Accordingly, a state where the tube portion 10
is inserted into the first through hole H and the second through
hole 186 is achieved as illustrated in FIG. 9. The flange
portion 14 is then connected to anend portion on the backlight
unit 180 side of the tube portion 10 inserted through the first
through hole H and the second through hole 186. A display
device is manufactured by mounting the cap 1 on the first
through hole H and the second through hole 186 in this way.
[0069] FIG. 10 is a schematic view illustrating another
exemplary manufacturing method of a display device. The
method illustrated in FIG. 10 is applied to a display device
using the cap 15 as illustrated in FIG. 6, as a cap. According
to the manufacturing method of the display device, the cap 156
having the tube portion 104, and the flange portion 125 and
the flange portion 146 formed onboth ends of the tube portion
104 is placed near the first through hole H and the second
through hole 186 as illustrated at Step S12. Then, the flange
portion 145 of the cap 15 is deformed to be smaller than the
first through hole H and the second through hole 186 to be
inserted from the front surface side of the liquid crystal panel
160 into the first through hole H as illustrated at Step S14.
Then, the cap 15 is further pushed to move the flange portion
144 from the first through hole H to the second through hole
186, thereby moving the flange portion 145 to the back sur-
face side of the backlight unit 180 as illustrated at Step S16.
Thus, a display device can be also manufactured by inserting
the cap 15 into the first through hole H and the second through
hole 186 in this way.

[0070] According to the present disclosure, a wall surface
of the through hole formed through the liquid crystal panel
and the backlight can be protected by the cap. Therefore, it is
possible to prevent a situation that foreign substances possi-
bly enter inside of the display device from the through hole.
[0071] Although the invention has been described with
respect to specific embodiments for a complete and clear
disclosure, the appended claims are not to be thus limited but
are to be construed as embodying all modifications and alter-
native constructions that may occur to one skilled in the art
that fairly fall within the basic teaching herein set forth.
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[0072] In the aforementioned embodiments, the explana-
tion has been made on examples where the electronic appa-
ratus according to the present disclosure is applied to the
vehicle instruments (vehicle meters). However, the electronic
apparatus according to the present disclosure is not limited to
vehicle instruments (vehicle meters), and can be applied to
various electronic apparatuses such as a clock having a
through hole into which a rotational shaft of an indicator
needle is inserted. Furthermore, so long as the display device
has a through hole, any component other than the rotational
shaft may be inserted in the through hole, or no component
other than the rotational shaft may be inserted in the through
hole.

[0073] The present disclosure can employ the following
configurations.
[0074] (1) A display device for displaying an image on a

display surface, the display device comprising:

[0075] aliquid crystal panel having the display surface,
the liquid crystal panel with a first through hole formed
in the display surface;

[0076] abacklight disposed oppositely to the liquid crys-
tal panel, the backlight with a second through hole
formed at a position overlapping with the first through
hole; and a cap inserted into the first through hole and the
second through hole,

[0077] the cap including
[0078] atubeportionwitha third through hole formed,

the third through hole parallel to the first through hole
and the second through hole, and
[0079] a flange portion formed at least one end of the
tube portion, the flange portion having an outer diam-
eter larger than a diameter of the first through hole,
and larger than a diameter of the second through hole.
[0080] (2) The display device according to (1),

[0081] the cap includes the flange portion at one end of

the tube portion on a liquid crystal panel side.
[0082] (3) The display device according to (1),

[0083] the cap includes the flange portion at both ends of
the tube portion.

[0084] (4) The display device according to (1),

[0085] the cap is made of non-translucent resin.

[0086] (5) The display device according to (1),

[0087] the cap closes a wall surface of the first through

hole of the liquid crystal panel.

[0088] (6) An electronic apparatus comprising:
[0089] the display device according to (1);
[0090] a control unit to supply an input signal to the

display device; and

[0091] amovement mechanism including

[0092] an indicator needle disposed along the display
surface of the display device,

[0093] arotational shaft inserted into the third through
hole, and

[0094] amotor to rotate the rotational shaft, the motor
disposed on an opposite side of the display device
from the display surface.

[0095] (7) A method for manufacturing a display device
with athrough hole formed in a display surface on which an
image is displayed, the method comprising:

[0096] aligning a liquid crystal panel having a first
through hole formed and a backlight having a second
through hole formed so that the first through hole and the
second through hole overlap with each other; and
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[0097] inserting a cap into the first through hole and the
second through hole,
[0098] the cap including
[0099] atubeportionwitha third through hole formed,
the third through hole parallel to the first through hole
and the second through hole, and
[0100] a flange portion formed at least one end of the
tube portion, the flange portion having an outer diam-
eter larger than a diameter of the first through hole,
and larger than a diameter of the second through hole.
[0101] It should be understood that various changes and
modifications to the presently preferred embodiments
described herein will be apparent to those skilled in the art.
Such changes and modifications can be made without depart-
ing from the spirit and scope of the present subject matter and
without diminishing its intended advantages. It is therefore
intended that such changes and modifications be covered by
the appended claims.

The invention is claimed as follows:
1. A display device for displaying an image on a display
surface, the display device comprising:
aliquid crystal panel having the display surface, the liquid
crystal panel with a first through hole formed in the
display surface:;
abacklight disposed oppositely to the liquid crystal panel,
the backlight with a second through hole formed at a
position overlapping with the first through hole; and
a cap inserted into the first through hole and the second
through hole,
the cap including
atube portion with a third through hole formed, the third
through hole parallel to the first through hole and the
second through hole, and
a flange portion formed at least one end of the tube
portion, the flange portion having an outer diameter
larger than a diameter of the first through hole, and
larger than a diameter of the second through hole.
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2. The display device according to claim 1,

the cap includes the flange portion at one end of the tube

portion on a liquid crystal panel side.

3. The display device according to claim 1,

the cap includes the flange portion at both ends of the tube

portion.

4. The display device according to claim 1,

the cap is made of non-translucent resin.

5. The display device according to claim 1,

the cap closes a wall surface of the first through hole of the

liquid crystal panel.

6. An electronic apparatus comprising:

the display device according to claim 1:

a control unit to supply an input signal to the display

device; and

a movement mechanism including

an indicator needle disposed along the display surface of
the display device,

arotational shaft inserted into the third through hole, and

amotor to rotate the rotational shaft, the motor disposed
on an opposite side of the display device from the
display surface.

7. A method for manufacturing a display device with a
through hole formed in a display surface on which an image
is displayed, the method comprising:

aligning a liquid crystal panel having a first through hole

formed and a backlight having a second through hole
formed so that the first through hole and the second
through hole overlap with each other; and

inserting a cap into the first through hole and the second

through hole,

the cap including

atube portion with a third through hole formed, the third
through hole parallel to the first through hole and the
second through hole, and

a flange portion formed at least one end of the tube
portion, the flange portion having an outer diameter
larger than a diameter of the first through hole, and
larger than a diameter of the second through hole.

ok % k&
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