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(54) Display device

(57)  Provided is a display device which is the liquid
crystal display device (12) in which the transparent inter-
layer (3) is provided between the liquid crystal display
panel (1) and the transparent substrate (11) having a
touch panel function and disposed on a front side of the
liquid crystal display panel (1). In the liquid crystal display
device (12), the outermost periphery of the transparent

FIG.

interlayer (3) is shaped like a frame, and the same ma-
terial is used to form a frame-shaped transparent inter-
layer (7) and the transparentinterlayer (3) that constitutes
an entire display area to prevent the liquid material of the
interlayer (3) leaking out of the liquid crystal display de-
vice (12) during manufacture of a product or while the
product is in use.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The presentinventionrelates to a product struc-
ture of a display device that includes one or both of a
transparent protective plate and a transparent substrate
having a touch panel function which are disposed on a
viewing side of a display panel.

2. Description of the Related Art

[0002] Many of display devices for home-use televi-
sions and personal computers and information display
devices installed in public facilities are liquid crystal dis-
play devices or organic electroluminescence display de-
vices. Liquid crystal display devices are employed in a
particularly wide range of products from as small ones
as 2-inch monitors for cellular phones and the like to 60-
inch or larger television monitors.

[0003] Mostliquid crystal display devices include a thin
film transistor (TFT) substrate and a color filter (CF) sub-
strate which are 0.2to 0.7 mm-thick, between which liquid
crystal is held. Some cellular phones,digitalcameras,
small-sizedinformationterminals, and other devices
where a liquid crystal panel surface is frequently touched
during use therefore have a transparent protective plate
in front of a liquid crystal panel to prevent external me-
chanical forces from disturbing displayed data or break-
ing the liquid crystal panel.

[0004] In personalcomputermonitors,home-usetelevi-
sions,andother similar appliances, too, where the liquid
crystal panel surface is touched less frequently, the liquid
crystal panel itself could be shattered if something like
tableware or a toy hits the liquid crystal panel surface
with a large enough force. Therefore, similarly to cellular
phones, digital cameras, small-sized information termi-
nals, and the like, some of such products as personal
computer monitors and home-use televisions have a
transparent protective plate 2 in front of a liquid crystal
panel 1 asillustrated in FIG. 3 in order to prevent damage
to the liquid crystal panel.

[0005] However, disposing the transparent protective
plate 2 in front of the liquid crystal display panel 1 causes
reflection of light at an interface between materials having
different optical characteristics, specifically, refractive in-
dices. In the case of a structure illustrated in FIG. 3, re-
flection of light is observed at an interface between the
protective plate 2 and air existing in front of the protective
plate 2, an interface between the protective plate 2 and
an air layer 8 located behind the protective plate 2, and
an interface between a first polarization plate 4 and the
air layer 8. The reflection significantly impairs visibility of
a displayed image especially in a bright environment.
[0006] Inrecentyears, devices that have atouch panel
functioning as an input device on the front side (viewing

10

15

20

25

30

35

40

45

50

55

side) of the display panel are rapidly gaining popularity,
because those devices may be operated easily and in-
tuitively by touching a switch or other icons displayed on
the display panel to be manipulated.

[0007] Touch panels are classified by operating prin-
ciple into the following types.

[Resistive Type]

[0008] As illustrated in FIG. 4, a resistive touch panel
has a structure in which transparent conductive films 21
(indium tin oxide: ITO) are formed on opposing surfaces
of an upper polyethylene terephthalate (PET) film 23 and
an underlying glass substrate 20, and the PET film 23
and the glass substrate 20 are then bonded together with
spacers 24 interposed therebetween. As illustrated in
FIG. 5, touch panel input is registered by depressing the
PET film 23 with a finger 14, a pen, or the like and thus
bringing the transparent conductive films 21 which are
formed on the PET film 23 and the glass substrate 20,
respectively, into contact with each other. The spacers
24, which are insulators disposed between the transpar-
ent conductive films 21 formed on the PET film 23 and
the glass substrate 20, respectively, prevent a short cir-
cuit between the upper and lower transparent conductive
films 21 when no input is made.

[0009] Resistive touch panels are generally classified
into "matrix resistive type" and "analog resistive type." In
amatrix resistive touch panel, the transparent conductive
film 21 on the PET film 23 and the transparent conductive
film 21 on the glass substrate 20 are shaped like slips
and arranged to be orthogonal to each other, and a
touched point is detected from an X coordinate anda 'Y
coordinate where the slip-shaped transparent conductive
films 21 are brought into contact with each other. In an
analog resistive touch panel, the transparent conductive
films 21 are formed all over the opposing surfaces of the
PET film 23 and the glass substrate 20, one of the trans-
parent conductive films 21 constitutes an X coordinate
circuit whereas the other constitutes a Y coordinate cir-
cuit to detect a resistance ratio at a touched point in an
analog fashion, and the touched pointis determined from
an X coordinateanda'Y coordinate where the transparent
conductive films 21 are brought into contact with each
other.

[Capacitive Type]

[0010] Ina capacitive touch panel, a weak currentruns
all over a surface of a transparent substrate having a
touch panel function. When a person touches this surface
with his/her finger, electricity flows into the person’s body,
creating a change in amount of electric charge. The
change in capacitance between the fingertip and a con-
ductive film is captured and a dedicated touch controller
outputs the amount of change as coordinate data.

[0011] Other touch panel types include optical type,
ultrasonic type, surface acoustic wave type, induction
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type, and capacitive coupling type.

[0012] As is the case for a protective plate, when one
of those touch panels is disposed on the front side of a
liquid crystal display panel, reflection of light is caused
atthe interface between materials having different optical
characteristics, specifically, refractive indices. In the
case of a structure as that of a liquid crystal display device
12 with a touch panel which is illustrated in FIG. 6, re-
flection of light is observed at the interface between a
transparent substrate 11 having a touch panel function
and air that is existing in front of the transparent substrate
11 having a touch panel function, the interface between
the transparent substrate 11 having a touch panel func-
tion and an air layer 8 located behind the transparent
substrate 11 having a touch panel function, and the in-
terface between a first polarizing plate 4 and the air layer
8. The reflection significantly impairs the visibility of a
displayed image, especially in a bright environment.
[0013] In order to prevent the reflection of light due to
a difference in refractive index, JP 5-11239 A and JP
2007-41534 A propose a panel structure illustrated in
FIG. 7 where the air layer 8 between the protective plate
2 and the polarizing plate 4 is filled with a transparent
organic medium (transparent interlayer 3) whose refrac-
tive index is equal to or close to that of the protective
plate 2 and the polarizing plate 4. With the air layer 8 thus
eliminated, external light is reflected less at an interface
and the visibility of a displayed image is improved.
[0014] Theinterlayerdisposed between the liquid crys-
tal display panel and the protective plate may be made
from a liquid material or a solid material. The panel struc-
ture proposed in JP 5-11239 A uses a liquid material for
the transparent interlayer. JP 2007-47621 A proposes a
method of manufacturing this panel structure. JP
2005-89195 A proposes a manufacturing method,
though not of a display device, in which two glass sub-
strates sandwich a liquid transparent interlayer whose
refractive index is equal to or close to that of the glass
material.

[0015] In order to give an example of the transparent
interlayer that is made from a solid material, JP
2001-31451 A, JP 2005-187237 A, and JP 7-290647 A
propose a product (laminated glass, not a display device)
structured such that two glass substrates sandwich a sol-
id sheet material whose refractive index is equal to or
close to that of the glass material, and a method of man-
ufacturing the product.

[0016] JP 7-209635 A describes a method of manu-
facturing an anti-light scattering structure in a liquid crys-
tal display device in which a protective panel made of
synthetic resin is framed by a frame portion, which in-
cludes a distortion tolerance area at the circumference
thereof, to have a dish shape, a liquid raw material of an
anti-light scattering material is injected onto the top sur-
face of the protective panel, or a cured anti-light scatter-
ing material is inserted on the top surface of the protective
panel, a liquid crystal cell is then disposed from above,
and an excess amount of the anti-light scattering material
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is led to the distortion tolerance area by depressing the
liquid crystal cell to deaerate and bond the components
together intimately.

[0017] In the case of a display device structured to
have an interlayer made from a liquid material between
adisplay panel and a protective plate, or a display device
structured to have interlayers made from a liquid material
between a display panel and a touch panel and between
the touch panel and a protective plate, the liquid interlayer
material may leak out of the display device during man-
ufacture of a product or while the product is in use. A
measure to avoid the leakage needs to be taken by pro-
viding a bank for preventing the interlayer in a liquid state
from overflowing outside an effective display area of the
display panel so that the effective display area is sur-
rounded by the bank.

SUMMARY OF THE INVENTION

[0018] The present invention has been made in view
of the above, and it is therefore an object of the present
invention to provide a product structure of a display de-
vice with a protective plate and a product structure of a
display device with a touch panel, in which a liquid inter-
layer material is prevented from leaking out of the display
devices during manufacture of a product or while the
product is in use.

[0019] In order to solve the above-mentioned prob-
lems and attain the above-mentioned object, the present
invention employs the following measures.

[Measure 1]

[0020] A display device including: a display panel; a
transparent protective plate, or a transparent substrate
having a touch panel function, which is disposed on a
front side of the display panel; and a transparent organic
medium layer which is provided between the display pan-
el and the protective plate, or between the display panel
and the transparent substrate having a touch panel func-
tion, or between the protective plate and the transparent
substrate having a touch panel function, has a structure
in which a transparent organic medium is formed into a
frame pattern outside an effective display area of the dis-
play panel, or along the effective display area, to surround
the effective display area, and the same organic medium
that is used to form the frame fills a space surrounded
by the frame.

[Measure 2]

[0021] In adisplay device including: a display panel; a
transparent protective plate, or a transparent substrate
having a touch panel function, which is disposed on a
front side of the display panel; and a transparent organic
medium layer which is provided between the display pan-
el and the protective plate, or between the display panel
and the transparent substrate having a touch panel func-
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tion, or between the protective plate and the transparent
substrate having a touch panel function, a transparent
organic medium formed into a frame pattern outside an
effective display area of the display panel, or along the
effective display area, to surround the effective display
area, is cured.

[Measure 3]

[0022] A display device including: a display panel; a
transparent protective plate, or a transparent substrate
having a touch panel function, which is disposed on a
front side of the display panel; and a transparent organic
medium layer which is provided between the display pan-
el and the protective plate, or between the display panel
and the transparent substrate having a touch panel func-
tion, or between the protective plate and the transparent
substrate having a touch panel function, has a structure
in which an organic medium surrounding an effective dis-
play area of the display panel is formed on each of the
display panel and the transparent protective plate dis-
posed on the front side of the display panel, or on each
of the display panel and the transparent substrate having
a touch panel function and disposed on the front side of
the display panel, or on each of the transparent protective
plate and the transparent substrate having a touch panel
function, and the same organic medium that is used to
form the frame fills a space surrounded by the frame.

[Measure 4]

[0023] In adisplay device including: a display panel; a
transparent protective plate, or a transparent substrate
having a touch panel function, which is disposed on a
front side of the display panel; and a transparent organic
medium layer which is provided between the display pan-
el and the protective plate, or between the display panel
and the transparent substrate having a touch panel func-
tion, or between the protective plate and the transparent
substrate having a touch panel function, a transparent
organic medium is formed into a frame pattern outside
of an effective display area of the display panel, or along
the effective display area, to surround the effective dis-
play area and, after the organic medium frame is cured,
a space surrounded by the organic medium frame is filled
with the same liquid organic medium that is used to form
the frame and then the display panel and the protective
plate are bonded together, or the display panel and the
transparent substrate having a touch panel function are
bonded together, or the protective plate and the trans-
parent substrate having a touch panel function are bond-
ed together.

[Measure 5]
[0024] In adisplay device including: a display panel; a

transparent protective plate, or a transparent substrate
having a touch panel function, which is disposed on a
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front side of the display panel; and a transparent organic
medium layer which is provided between the display pan-
el and the protective plate, or between the display panel
and the transparent substrate having a touch panel func-
tion, or between the protective plate and the transparent
substrate having a touch panel function, a transparent
organic medium is formed into a frame pattern outside
of an effective display area of the display panel, or along
the effective display area, to surround the effective dis-
play area and, after the organic medium frame is cured,
a space surrounded by the organic medium frame which
is cured is filled with the same liquid organic medium that
is used to form the frame and then the display panel and
the protective plate are bonded together, or the display
panel and the transparent substrate having a touch panel
function are bonded together, or the protective plate and
the transparent substrate having a touch panel function
are bonded together. After that, the organic medium is
cured.

[0025] By using the same material for the transparent
interlayer and for the frame-shaped transparent interlay-
er, and surrounding the transparent interlayer with the
frame-shaped transparent interlayer whichis cured in ad-
vance, the transparent interlayer is prevented from leak-
ing and, in addition, the display area may be extended
to include the frame-shaped transparent interlayer. A
non-display area in the circumference of the display pan-
el may thus be reduced in width.

[0026] Another effect is that material management in
manufacturing a panel module is simplified because the
transparent bank for preventing the interlayer from over-
flowing is formed from the same liquid material as the
transparent interlayer that fills the space surrounded by
the bank.

[0027] Moreover, because the frame-shaped trans-
parent interlayer has a function to define a gap between
the display panel and the protective plate, or a gap be-
tween the display panel and the transparent substrate
having a touch panelfunction, ora gap between the trans-
parent substrate having a touch panel function and the
protective plate, in bonding the display panel and the
protective plate, or the display panel and the transparent
substrate having a touch panel function, or the transpar-
ent substrate having a touch panel function and the pro-
tective plate, a bonding apparatus does not need to have
an accurate gap control mechanism/function for regulat-
ing the gap between the display panel and the protective
plate, or the gap between the display panel and the trans-
parent substrate having a touch panel function, or the
gap between the transparent substrate having a touch
panel function and the protective plate.

BRIEF DESCRIPTION OF THE DRAWINGS
[0028]

In the accompanying drawings:

FIG. 1 is a sectional view of a liquid crystal display
device according to a first embodiment of the present
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invention;

FIG. 2 is a sectional view of another liquid crystal
display device according to the first embodiment of
the present invention;

FIG. 3 is a sectional view of a conventional liquid
crystal display device to which a protective plate is
attached;

FIG. 4 is a sectional view of a resistive touch panel;
FIG. 5 is a sectional view of a resistive touch panel
being operated with a finger;

FIG. 6 is a sectional view of a conventional liquid
crystal display device to which a touch panel is at-
tached;

FIG. 7 is a sectional view of a liquid crystal display
device in which a transparent interlayer fills a space
between the liquid crystal display device and a pro-
tective plate;

FIG. 8 is a sectional view of a liquid crystal display
device according to a second embodiment of the
present invention;

FIG. 9 is a sectional view of another liquid crystal
display device according to the second embodiment
of the present invention;

FIG. 10 is a sectional view of a liquid crystal display
device according to a third embodiment of the
present invention;

FIGS. 11A to 11F are perspective views illustrating
a method of manufacturing the liquid crystal display
device according to the first embodiment of the
present invention;

FIGS. 12A to 12G are perspective views illustrating
a method of manufacturing the liquid crystal display
device according to the second embodiment of the
present invention;

FIGS. 13A to 13H are perspective views illustrating
a method of manufacturing the liquid crystal display
device according to the third embodiment of the
present invention;

FIGS. 14A to 14H are perspective views illustrating
another method of manufacturing the liquid crystal
display device according to the third embodiment of
the present invention; and

FIG. 15 is a sectional view of a liquid crystal display
device according to a fourth embodiment of the
present invention.

DETAILED DESCRIPTION OF THE INVENTION
[First Embodiment]

[0029] Liquidcrystaldisplay devices accordingtoafirst
embodiment of the present invention are described with
reference to FIGS. 1, 2, and 11A to 11F.

[0030] FIG. 2 is a sectional view of the liquid crystal
display device with a protective plate according to this
embodiment. A liquid crystal display device 10 with a
protective plate according to this embodiment includes
a liquid crystal display panel 1, a backlight unit 6, a pro-

10

15

20

25

30

35

40

45

50

55

tective plate 2, a transparent interlayer 3, and a frame-
shaped transparent interlayer 7.

[0031] This embodiment uses a liquid organic medium
for the transparent interlayer 3 and the frame-shaped
transparent interlayer 7.

[0032] FIG. 1is a sectional view of a liquid crystal dis-
play device 12 with a touch panel in which a resistive
touch panel, instead of the protective plate 2, is disposed
on a front side of the display panel. The liquid crystal
display device 12 with a touch panel according to this
embodiment includes the liquid crystal display panel 1,
the backlight unit 6, a transparent substrate 11 having a
touch panel function, the transparent interlayer 3, and
the frame-shaped transparent interlayer 7.

[0033] This embodiment uses a liquid organic medium
for the transparent interlayer 3 and the frame-shaped
transparent interlayer 7.

[0034] FIGS. 11A to 11F illustrate an example of a
method of manufacturing the liquid crystal display device
10 with a protective plate or the liquid crystal display de-
vice 12 with a touch panel according to this embodiment
by using a liquid organic medium. The liquid organic me-
dium is applied in a frame pattern to the liquid crystal
display panel 1, or to one of the protective plate 2 and
the transparent substrate 11 having a touch panel func-
tion, by a dispenser or by printing such as screen printing
(FIG. 11A) (in the example of FIGS. 11A to 11F, a dis-
penser 17 is used to form the frame). The liquid organic
medium applied in the frame pattern is then cured (the
frame-shaped transparentinterlayer 7) (FIG. 11B). Acur-
ing method for the liquid organic medium is determined
by what liquid organic medium is used. The employed
curing method may be ultra-violet lightirradiation or heat-
ing, or a combination of ultra-violet light irradiation and
heating.

[0035] The other substrate has the transparent inter-
layer 3 in an area that falls inside the frame-shaped trans-
parent interlayer 7 when the liquid crystal display panel
1 is bonded to the protective plate 2 or to the transparent
substrate 11 having a touch panel function. The trans-
parentinterlayer 3 is formed from the same liquid organic
medium as the frame-shaped transparent interlayer 7
through application by a dispenser or by printing such as
screen printing (FIG. 11C) (FIG. 11D). The liquid crystal
display panel 1 is then bonded to the protective plate 2
or to the transparent substrate 11 having a touch panel
function (FIG. 11E). If air bubbles are formed within the
transparent interlayer 3 which is provided between the
liquid crystal display panel 1 and the protective plate 2,
or between the liquid crystal display panel 1 and the trans-
parent substrate 11 having a touch panel function, during
the bonding, the quality of the display panel is lowered.
It is therefore desirable to perform the bonding in a re-
duced-pressure atmosphere where the chance of air
bubbles forming is small.

[0036] By thus using the same material for the trans-
parent interlayer 3 and for the frame-shaped transparent
interlayer 7 and surrounding the transparent interlayer 3
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with the frame-shaped transparent interlayer 7 which is
cured in advance, the transparent interlayer 3 is prevent-
ed from leaking and, in addition, an effective display area
may be extended to include the frame-shaped transpar-
ent interlayer 7.

[0037] Moreover, because the frame-shaped trans-
parentinterlayer 7 has a function to define a gap between
the liquid crystal display panel 1 and the protective plate
2, or a gap between the liquid crystal display panel 1 and
the transparent substrate 11 having a touch panel func-
tion, in bonding the liquid crystal display panel 1 to the
protective plate 2 or to the transparent substrate 11 hav-
ing a touch panel function, a bonding apparatus does not
need to have an accurate gap control mechanism/func-
tion for regulating the gap between the liquid crystal dis-
play panel 1 and the protective plate 2, or the gap be-
tween the liquid crystal display panel 1 and the transpar-
ent substrate 11 having a touch panel function.

[0038] The same effects are obtained also in a liquid
crystal display device where the transparent interlayer 3
is cured after the bonding by a measure suitable to the
characteristics of the material used as described above
(ultra-violet light irradiation or heating, or a combination
of ultra-violet light irradiation and heating).

[Second Embodiment]

[0039] Liquid crystal display devices according to a
second embodiment of the present invention are de-
scribed with reference to FIGS. 8, 9, and 12A to 12G.
[0040] Inthe liquid crystal display device 10 with a pro-
tective plate and the liquid crystal display device 12 with
a touch panel that are described in the first embodiment,
the frame-shaped transparent interlayer 7 is formed by
application on one of the two substrates. The same ef-
fects as in the first embodiment are obtained also when
the frame-shaped transparent interlayer 7 is formed on
each of the display panel 1 and the protective plate 2, or
the display panel 1 and the transparent substrate 11 hav-
ing a touch panel function, that are bonded together as
illustrated in FIGS. 8 and 9.

[0041] FIG. 8 is a sectional view of a liquid crystal dis-
play device 10 with a protective plate according to the
second embodiment, and FIG. 9 is a sectional view of a
liquid crystal display device 12 with a touch panel accord-
ing to the second embodiment.

[0042] The liquid crystal display device 10 with a pro-
tective plate according to this embodimentincludes a (lig-
uid crystal) display panel 1, a backlight unit 6, a protective
plate 2, a transparent interlayer 3, and frame-shaped
transparentinterlayers 7. The liquid crystal display device
12 with a touch panel according to this embodiment in-
cludes the (liquid crystal) display panel 1, the backlight
unit 6, a transparent substrate 11 with a touch panel func-
tion, the transparent interlayer 3, and the frame-shaped
transparent interlayers 7.

[0043] This embodiment uses a liquid organic medium
for the transparent interlayer 3 and the frame-shaped
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transparent interlayers 7.

[0044] FIGS. 12A to 12G illustrate an example of a
method of manufacturing the liquid crystal display devic-
es according to this embodiment with the use of a liquid
organic medium. The liquid crystal display device 10 with
a protective plate and the liquid crystal display device 12
with a touch panel are both manufactured by the same
method. Therefore, in the manufacturing method de-
scribed below, the protective plate 2 is picked up as a
component thatis disposed on the front side of the display
panel 1 with the transparent interlayer 3 and the frame-
shaped transparent interlayers 7 interposed therebe-
tween. The manufacturing method described below may
be applied to the liquid crystal display device 12 with a
touch panel by replacing the protective plate 2 in the de-
scription with the transparent substrate 11 having a touch
panel function.

[0045] A liquid organic medium is applied in a frame
pattern to the liquid crystal display panel 1 and the pro-
tective plate 2 both by a dispenser or by printing such as
screen printing (FIG. 12A, FIG. 12C). The frame on the
liquid crystal display panel 1 and the frame on the pro-
tective plate 2 have the same shape. The frame pattern
is applied in a position that makes the frame-shaped
transparent interlayer 7 formed on the liquid crystal dis-
play panel 1 and the frame-shaped transparent interlayer
7 formed on the protective plate 2 coincide with each
other when the liquid crystal display panel 1 and the pro-
tective plate 2 are bonded together. The liquid organic
medium applied in a frame pattern is then cured (FIG.
12B, FIG. 12D). The transparent interlayer 3 is subse-
quently formed on one or both of the liquid crystal display
panel 1 and the protective plate 2 in an area that falls
inside the frame-shaped transparent interlayer 7. The
transparent interlayer 3 is formed from the same liquid
organic medium as the frame-shaped transparent inter-
layers 7 through application by a dispenser or by printing
such as screen printing (FIG. 12E). After that, the liquid
crystal display panel 1 and the protective plate 2 are
bonded together (FIG. 12F, FIG. 12G) by the same bond-
ing method as in the first embodiment.

[0046] Deterioration in the application accuracy of the
dispenser or the printer may cause a slight difference in
shape between the frame-shaped transparentinterlayers
7 formed on the liquid crystal display panel 1 and on the
protective plate 2, and a lowered accuracy in bonding
the liquid crystal display panel 1 and the protective plate
2 together may cause the frame-shaped transparent in-
terlayers 7 formed on the liquid crystal display panel 1
and on the protective plate 2 to be offset from each other.
Even then, substantially the same effects are obtained.

[Third Embodiment]

[0047] A liquid crystal display device according to a
third embodiment of the present invention is described
with reference to FIGS. 10, 13A to 13H, and 14A to 14H.
[0048] FIG. 10 is a sectional view of a liquid crystal
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display device 18 with a touch panel and a protective
plate according to this embodiment. The liquid crystal
display device 18 with a touch panel and a protective
plate includes the liquid crystal display panel 1, the back-
light unit 6, the transparent substrate 11 having a touch
panel function, the protective plate 2, transparent inter-
layers 3a and 3b, and frame-shaped transparent inter-
layers 7a and 7b. The liquid crystal display panel 1 is an
IPS type display panel.

[0049] In the liquid crystal display device 18 with a
touch panel and a protective plate, as illustrated in FIG.
10, the transparent substrate 11 having a touch panel
function is disposed on the front side (viewing side) of
the display panel 1 with the transparent interlayer 3a and
the frame-shaped transparent interlayer 7a interposed
therebetween, and the protective plate 2 is disposed on
the front side of the transparent substrate 11 having a
touch panel function with the transparent interlayer 3b
and the frame-shaped transparent interlayer 7b inter-
posed therebetween.

[0050] FIGS. 13A to 13H illustrate an example of a
method of manufacturing the liquid crystal display device
18 with a touch panel and a protective plate according
to this embodiment. First, a liquid organic medium is ap-
plied in a frame pattern to one of the liquid crystal display
panel 1 and the transparent substrate 11 having a touch
panel function by a dispenser or by printing such as
screen printing (FIG. 13A) (in the example of FIGS. 13A
to 13H, the dispenser 17 is used to form the frame). The
liquid organic medium applied in the frame patternis then
cured (the frame-shaped transparent interlayer 7a). A
curing method for the liquid organic medium is deter-
mined by what liquid organic medium is used. The em-
ployed curing method may be ultra-violet light irradiation
or heating, or a combination of ultra-violet light irradiation
and heating.

[0051] The other substrate has the transparent inter-
layer 3a in an area that falls inside the frame-shaped
transparent interlayer 7a when the liquid crystal display
panel 1 is bonded to the transparent substrate 11 having
a touch panel function. The transparent interlayer 3a is
formed from the same liquid organic medium as the
frame-shaped transparent interlayer 7a through applica-
tion by a dispenser or by printing such as screen printing
(FIG. 13B). The liquid crystal display panel 1 and the
transparent substrate 11 having a touch panel function
are then bonded together (FIG. 13C) (FIG. 13D). If air
bubbles are formed within the transparent interlayer 3a
between the liquid crystal display panel 1 and the trans-
parent substrate 11 having a touch panel function during
the bonding, the quality of the liquid crystal display panel
is lowered. Itis therefore desirable to perform the bonding
in a reduced-pressure atmosphere where the chance of
air bubbles forming is small.

[0052] Next, a liquid organic medium is applied in a
frame pattern by a dispenser or by printing such as screen
printing to the viewing side of the transparent substrate
11 having a touch panel function which has been bonded
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to the display panel 1 via the transparent interlayer 3a
and the frame-shaped transparent interlayer 7a, or to the
protective plate 2 (FIG. 13E). The liquid organic medium
applied in the frame pattern is then cured (the frame-
shaped transparent interlayer 7b). A curing method for
the liquid organic medium is determined by what liquid
organic medium is used. The employed curing method
may be ultra-violet light irradiation or heating, or a com-
bination of ultra-violet light irradiation and heating.
[0053] The other substrate has the transparent inter-
layer 3b in an area that falls inside the frame-shaped
transparent interlayer 7b when the transparent substrate
11 having a touch panel function and the protective plate
2 are bonded together. The transparent interlayer 3b is
formed from the same liquid organic medium as the
frame-shaped transparent interlayer 7b through applica-
tion by a dispenser or by printing such as screen printing
(FIG. 13F). The transparent substrate 11 having a touch
panel function and the protective plate 2 are then bonded
together (FIG. 13G). If air bubbles are formed within the
transparent interlayer 3b between the transparent sub-
strate 11 having a touch panel function and the protective
plate 2 during the bonding, the quality of the liquid crystal
display panel is lowered. It is therefore desirable to per-
form the bonding in a reduced-pressure atmosphere
where the chance of air bubbles forming is small.
[0054] By thus using the same material for the trans-
parent interlayer 3a and for the frame-shaped transpar-
ent interlayer 7a and using the same material for the
transparent interlayer 3b and for the frame-shaped trans-
parent interlayer 7b, or using the same material for all of
the transparent interlayers 3a and 3b and the frame-
shaped transparent interlayers 7a and 7b, and surround-
ing the transparent interlayers 3a and 3b with the frame-
shaped transparent interlayers 7a and 7b which are
cured in advance, the transparent interlayers 3a and 3b
are prevented from leaking and, in addition, an effective
display area may be extended to include the frame-
shaped transparent interlayers 7a and 7b.

[0055] Moreover, the frame-shaped transparent inter-
layers 7a and 7b define the gap between the liquid crystal
display panel 1 and the transparent substrate 11 having
a touch panel function and the gap between the trans-
parent substrate 11 having a touch panel function and
the protective plate 2 in bonding the liquid crystal display
panel 1 to the transparent substrate 11 having a touch
panel function and bonding the transparent substrate 11
having a touch panel function to the protective plate 2. A
bonding apparatus therefore does not need to have an
accurate gap control mechanism/function for regulating
the gap between the liquid crystal display panel 1 and
the transparent substrate 11 having a touch panel func-
tion and the gap between the transparent substrate 11
having a touch panel function and the protective plate 2.
[0056] The same effects are obtained also in a liquid
crystal display device where the transparent interlayers
3a and 3b are cured after the bonding by a measure
suitable to the characteristics of the material used as de-
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scribed above (ultra-violet light irradiation or heating, or
a combination of ultra-violet light irradiation and heating).
[0057] The liquid crystal display device 18 with a touch
panel and a protective plate of FIG. 10 may be manufac-
tured also by a method illustrated in FIGS. 14A to 14H.
InFIGS. 14A to 14H, the transparent substrate 11 having
a touch panel function and the protective plate 2 are
bonded first with the transparent interlayer 3b and the
frame-shaped transparent interlayer 7b interposed ther-
ebetween. The transparent substrate 11 having a touch
panel function and the protective plate 2 which have been
assembled togetherinto one componentare then bonded
to the display panel 1 with the transparent interlayer 3a
and the frame-shaped transparent interlayer 7a inter-
posed therebetween.

[Fourth Embodiment]

[0058] A liquid crystal display device according to a
fourth embodiment of the present invention is described
with reference to FIG. 15.

[0059] FIG. 15 is a sectional view of a liquid crystal
display device 19 with a touch panel and a protective
plate according to this embodiment. The liquid crystal
display device 19 with a touch panel and a protective
plate includes the liquid crystal display panel 1, the back-
light unit 6, the protective plate 2, the transparent sub-
strate 11 having a touch panel function, the transparent
interlayers 3a and 3b, and the frame-shaped transparent
interlayers 7a and 7b.

[0060] In the liquid crystal display device 19 with a
touch panel and a protective plate, as illustrated in FIG.
15, the protective plate 2 is disposed on the front side
(viewing side) of the display panel 1 with the transparent
interlayer 3a and the frame-shaped transparent interlay-
er 7a interposed therebetween, and the transparent sub-
strate 11 having a touch panel function is disposed on
the front side of the protective plate 2 with the transparent
interlayer 3b and the frame-shaped transparent interlay-
er 7b interposed therebetween.

[0061] The liquid crystal display device 19 with a touch
panel and a protective plate of this embodiment is man-
ufactured by the same method as the manufacturing
method of the liquid crystal display device 18 with a touch
panel and a protective plate described above, except that
the order of bonding the transparent substrate 11 having
a touch panel function and the protective plate 2 is re-
versed. A description on the manufacturing method of
the liquid crystal display device 19 with a touch panel and
a protective plate is therefore omitted here.

[0062] While the embodiments discussed above take
a liquid crystal display panel as an example, the exact
same effects are obtained when an organic electrolumi-
nescence (EL) panel or the like is used in place of the
liquid crystal display panel.

[0063] A concrete description has now been given on
embodiments of the present invention. However, a dis-
play device according to an embodiment of the present
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invention may be any display device that includes a dis-
play panel, a touch panel and/or protective plate dis-
posed on the front side of the display panel, and a trans-
parent organic medium layer provided between the dis-
play panel and the touch panel and/or the protective
plate, as long as the organic medium layer is formed from
a transparent organic medium and shaped like a frame
that surrounds an effective display area of the display
panel, and the same transparent organic medium as the
transparent organic medium shaped like a frame fills a
space surrounded by the frame of the transparent organic
medium shaped like a frame.

[0064] While there have been described what are at
present considered to be certain embodiments of the in-
vention, it will be understood that various modifications
may be made thereto, and itis intended that the append-
ed claims cover all such modifications as fall within the
true spirit and scope of the invention as defined in the
claims. The above embodiments of the invention as well
as the appended claims and figures show multiple char-
acterizing features of the invention in specific combina-
tions. The skilled person will easily be able to consider
further combinations or sub-combinations of these fea-
tures in order to adapt the invention as defined in the in
the claims to his specific needs.

Claims
1. Addisplay device, comprising:

a first panel (1);

a second panel (2) which is provided opposed
to the first panel (1);

a transparent organic layer (3, 7) which is pro-
vided between the first panel (1) and the second
panel (2),

wherein the transparent organic layer (3, 7) com-
prises:

an outer organic layer (7) which is shaped
like a frame to surround an effective display
area of a display panel (1) ; and

an inner organic layer (3) which is formed
from the same material as the frame to fill
a space surrounded by the frame.

2. Thedisplay device according to claim 1, wherein the
transparent organic layer (3, 7) is formed between
the first panel (1) which comprises the display panel
(1) and the second panel (2) which is transparent.

3. The display device according to claim 1,
wherein the first panel (1) and the second panel (2)
are transparent,
wherein the display device further comprises the dis-
play panelin additionto the first panel and the second
panel (2), and
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wherein the transparent organic layer (3) is formed
between the first panel and the second panel (2).

The display device according to claim 2, wherein one
of the first panel (1) and the second panel (2) com-
prises atouch panel (11) having a touch sensor func-
tion.

The display device according to claim 3, wherein the
transparent organic layer (3a) is provided between
the first panel (2) which is transparent and the display
panel (1).

The display device according to claim 1, further com-
prising a third panel,

wherein the first panel (1) comprises the display pan-
el, and the second panel and the third panel (2) are
transparent, and

wherein the transparent organic layer (3) comprises:

a first organic layer (3a) which is provided be-
tween the first panel (1) and the second panel;
and

a second organic layer (3b) which is provided
between the second panel and the third panel

).

The display device according to claim 6,

wherein the second panel comprises a touch panel
(11) comprising a touch sensor, and

wherein the third panel (2) comprises a protective
panel.

The display device according to claim 7, wherein the
second organic layer (3b) is thicker than the first or-
ganic layer (3a).

The display device according to claim 6,

wherein the second panel (2) which is transparent
comprises a protective panel, and

wherein the third panel which is transparent com-
prises a touch panel (11) comprising a touch sensor.

The display device according to claim 1, wherein the
transparent organic layer (3) is formed by providing
organic matter in a frame pattern (7) on one of the
first panel (1) and the second panel (2), curing the
organic matter to form the outer organic layer, op-
posing the first panel (1) and the second panel (2)
to each other in a state where the space surrounded
by the outer organic layer (7) which is cured is filled
with uncured organic matter, and then curing the un-
cured organic matter in the surrounded space.

The display device according to claim 10, wherein
the outer organic layer (7) is formed on each of the
first panel (1) and the second panel (2), and the first
panel (1) and the second panel (2) are bonded to-
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12,

13.

14.

15.

16

gether by opposing the outer organic layers (3b)
which are cured to each other.

A method of manufacturing a display device com-
prising a first panel (1), a second panel (2) which is
provided opposed to the first panel (1), and a trans-
parent organic layer (3) which is provided between
the first panel (1) and the second panel (2), the meth-
od comprising:

providing organic matter in a frame pattern on
the first panel

(1)

curing the organic matter on the first panel to
form an outer organic layer (7);

opposing the first panel (1) and the second panel
(2) to each other in a state where a space sur-
rounded by the outer organic layer is filled with
uncured organic matter; and

curing the uncured organic matter while the first
panel (1) and the second panel (2) are opposed
to each other.

The method of manufacturing a display device ac-
cording to claim 12, wherein the uncured organic
matter is supplied onto the first panel (1).

The method of manufacturing a display device ac-
cording to claim 12, wherein the uncured organic
matter is supplied onto the second panel (2) and fills
the space surrounded by the outer organic layer by
opposing the first panel (1) and the second panel (2)
to each other.

The method of manufacturing a display device ac-
cording to claim 12, further comprising:

providing organic matter in a frame pattern on
the second panel (2); and

curing the organic matter on the second panel
(2) to form another outer organic layer,
wherein the outer organic layer and the another
outer organic layer face each other when the
first panel (1) and the second panel (2) are op-
posed to each other.
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