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ABSTRACT

To improve the mechanical strength of a display panel con-
figuring a display device, and provide a display device with an
increased impact strength. A display device has a color filter
or a thin film transistor formed on a glass substrate, and a
polarizing plate attached to the glass substrate with an adhe-
sive, wherein a resin film having no viscosity or adhesion is
disposed on the polarizing plate side surface of the glass
substrate.
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DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from Japa-
nese application JP 2009-181247 filed on Aug. 4, 2009, the
content of which is hereby incorporated by reference into this
application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a display device,
and in particular, to a display device of which the mechanical
strength of a display panel, being vulnerable to impact, and
using a thin glass substrate, on which a thin film transistor and
a color film are formed, and a transferred thin film transistor
layer, has been improved.

[0004] 2. Description of the Related Art

[0005] Various display devices, such as a liquid crystal
display device and an organic electroluminescence display
device (organic EL display device), have been put into prac-
tical use. Also, portable telephones and portable information
terminals, into each of which one of these display devices is
built, have also been provided. Ina display device of recent
years, in order to promote a reduction in thickness, reduction
in weight, and increase in flexibility of the display device, the
practice is that a thin glass substrate in JP-A-2008-39866, or
the like, and a plastic substrate in JP-A-2008-89994, or the
like, are used as a substrate material forming the display
device.

[0006] Also, as shown in JP-A-2008-89994 or the like, a
display device is also proposed which deforms flexibly by,
after forming a functional element, such as a thin film tran-
sistor (TFT), on a glass substrate, removing the glass or
reducing it into a thin film, and reattaching the functional
element to a plastic substrate.

[0007] A display device, such as a liquid crystal display
device or an organic EL display device, is not only configured
of one substrate but, for example, as shown in FIG. 1, with a
display panel of the liquid crystal display device, as well as a
glass substrate (GS (CF)) on which a color filter is formed
being disposed opposed to a glass substrate (GS (TFT)) on
which a thin film transistor (TFT) is formed, a seal member
SE is disposed on the perimeter of the substrates, thus sealing
a liquid crystal LC. Furthermore, a structure is such that
polarizing plates PP1 and PP2 are attached to surfaces of the
substrates with adhesives AD1 and AD2 respectively. Also, in
the organic EL display device too, as in JP-A-2007-335365, a
configuration is employed wherein polarizing plates are
attached to a display panel.

[0008] Inthis way, in a display device, itis necessary that a
plurality of plate-like bodies are layered one on another,
causing a further increase in the thickness of a display panel
configuring the display device. For this reason, it is necessary
to still further reduce the thickness of a glass substrate and a
plastic substrate, further weakening the mechanical strength
of'the display panel. In particular, a display device having this
kind of display panel is weakened in impact strength, which
has become a major problem in a case of using the display
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device in an instrument, such as a portable telephone or a
portable information terminal, which is highly likely to suffer
a variety of impacts.

SUMMARY OF THE INVENTION

[0009] The invention has been made to solve the above-
described problem, and therefore an object of the invention is
to provide a display device with an increased impact strength
which improves the mechanical strength of a display panel
configuring a display device.

[0010] To achieve the above object, according to the inven-
tion, there is provided the following display device.

[0011] 1. A display device has a thin film transistor or a
color filter formed on a glass substrate, and a polarizing plate
attached to the glass substrate with an adhesive, wherein a
resin film having no viscosity or adhesion is disposed on the
polarizing plate side surface of the glass substrate.

[0012] 2. In the display device according to the heretofore
described aspect 1, the polarizing plate is attached to the resin
film with an adhesive.

[0013] 3. In the display device according to the heretofore
described aspect 1, a plastic substrate is attached to the resin
film with an adhesive, and furthermore, the polarizing plate is
attached to the plastic substrate with an adhesive.

[0014] 4. The display device according to the heretofore
described aspect 1 includes a display panel in which a thin
film transistor is formed on the glass substrate, a color filter is
formed on a plastic substrate, and the glass substrate and
plastic substrate are disposed opposed to each other, wherein
another plastic substrate is attached to the resin film of the
glass substrate with an adhesive, and furthermore, the polar-
izing plate is attached to the other plastic substrate with an
adhesive.

[0015] 5. Inthe display device according to any one of the
heretofore described aspects 1 to 4, the resin film is formed in
only an area close to the perimeter of the glass substrate.
[0016] 6. In the display device according to the heretofore
described aspect 1, the resin film is such that an ultraviolet
curable or heat curable resin is applied as a coating, and
thereafter, cured.

[0017] 7. In the display device according to the heretofore
described aspect 1, the retardation of the resin film is 5 nm or
less.

[0018] 8. In the display device according to the heretofore
described aspect 1, the thickness of the resin film is 100 um or
less.

[0019] 9. A display device has a thin film transistor layer,
including a thin film transistor, provided on a glass substrate,
the glass substrate being removed from the thin film transistor
layer, and a polarizing plate being attached to the thin film
transistor layer with an adhesive, wherein a resin film having
no viscosity or adhesion is disposed on the polarizing plate
side surface of the thin film transistor layer, a plastic substrate
is attached to the resin film with an adhesive, and furthermore,
the polarizing plate is attached to the plastic substrate with an
adhesive.

[0020] 10. In the display device according to any one of the
heretofore described aspects 1 to 8, the thickness of the glass
substrate is 0.15 mm or less.

[0021] 11.Inthe display device according to any one of the
heretofore described aspects 1 to 8, the thickness of the glass
substrate is 0.05 mm or less.
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[0022] 12. The display device according to any one of the
heretofore described aspects 1to 11 is a liquid crystal display
device.

[0023] 13. The display device according to any one of the
heretofore described aspects 1 to 3 or 6 to 8 is an organic ELL
display device. According to the invention, by the resin film,
having no viscosity or adhesion, being disposed on the polar-
izing plate side surface of the glass substrate, or on the polar-
izing plate side surface of the transferred thin film transistor
layer, it is possible to improve the mechanical strength of the
display panel, and, in particular, provide the display device
with an increased impact strength.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG.11isa sectional view illustrating a structure of a
liquid crystal display panel used in a heretofore known dis-
play device;

[0025] FIG.2isa sectional view illustrating a structure of a
liquid crystal display panel used in a display device of the
invention;

[0026] FIGS.3Ato 3D show a firstembodiment illustrating
aprocess of manufacturing a display panel used in the display
device of the invention;

[0027] FIGS. 4A to 4E show a second embodiment illus-
trating a process of manufacturing a display panel used in the
display device of the invention;

[0028] FIGS. 5A to 5E show a third embodiment illustrat-
ing a process of manufacturing a display panel used in the
display device of the invention;

[0029] FIGS. 6A to 6E show a fourth embodiment illustrat-
ing a process of manufacturing a display panel used in the
display device of the invention;

[0030] FIG. 7 is a sectional view illustrating a structure of
an organic EL display panel used in the display device of the
invention; and

[0031] FIGS. 8A to 8D show a fifth embodiment illustrat-
ing a process of manufacturing a display panel used in the
display device of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0032] Hereafter, a detailed description will be given of a
display device according to the invention. FIG. 2 is a diagram
showing one example of the structure of a liquid crystal
display panel used in the display device of the invention. The
structure of the liquid crystal display panel is such that a glass
substrate (GS (TFT)), on which a thin film transistor (TFT) is
formed, and a glass substrate (GS (CF)), on which a color
filter is formed, are disposed opposed to each other, a seal
member SE is disposed on the perimeter of both substrates,
and a liquid crystal LC is sealed inside. Naturally, an elec-
trode for applying an electric field to the liquid crystal, an
oriented film for controlling the molecular orientation of the
liquid crystal, and the like, are provided on the glass substrate.
A power supply line for supplying power to the electrode, a
signal line for applying a signal to a transistor which drives
the electrode, and the like, are provided on the glass substrate
on which the thin film transistor is formed.

[0033] A feature of the display device of the invention is
that a resin film (RF2 or RF1) having no viscosity or adhesion
is disposed on at least one glass substrate (GS (TFT) or GS
(CF)). By disposing this kind of resin film on a surface of the
substrate, it is possible to dramatically increase the mechani-
cal strength of the substrate. In particular, when the thickness
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of'the glass substrate is 0.15 mm or less, more preferably, 0.05
mm or less, the increase in mechanical strength of the display
panel due to the existence of the resin film becomes more
conspicuous.

[0034] As a method of forming the resin film, having no
viscosity or adhesion, on the glass substrate, it is possible to
easily form the resin film by coating the surface of the glass
substrate with an ultraviolet curable or heat curable resin, and
subsequently, carrying out an ultraviolet irradiation or an
application of heat, thus curing the resin applied as a coating.

[0035] The resin film formed in this way covers the surface
of the glass substrate, and is integrated with the glass sub-
strate, but the surface of the resin film has no viscosity or
adhesion. Also, as the thickness of the resin film is normally
extremely small, on the order of several micrometers to sev-
eral tens of micrometers, it will hardly cause an increase in
thickness ofthe display panel but, as it is possible to adjust the
thickness of the resin film by applying a thicker or additional
coating of the resin, or the like, it is preferable to set the
thickness of the resin film to 100 pm or less from the view-
point of limiting the thickness of the display panel.

[0036] As a characteristic of the resin film is such that the
resin film is disposed in the vicinity of pixels configuring the
display panel, on the surface of the glass substrate, it is pref-
erable that the retardation of the resin film is 5 nm or less.
Because of this, it is possible to suppress any adverse effect
such as image distortion.

[0037] Animpact test and a bend test have been carried out
in order to evaluate an effect of disposing the resin film. In a
case in which the thickness of the glass substrate is made 0.1
mm, with an impact test using a stainless steel ball (a breaking
test wherein a stainless steel ball is caused to fall naturally
from a predetermined height toward the substrate), when the
resin film exists, it is confirmed that no breakage occurs even
from a height about eight times a threshold height at which the
glass substrate does not break when there is no resin film.
Also, with a bend test using the same substrate too (a test for
measuring the curvature of a limit with which the substrate is
bent and broken), when the resin film exists, it is confirmed
that it is possible to bend the substrate up to a curvature 1.5
times that of when there is no resin film.

[0038] Furthermore, it is more preferable that the resin film
(RF1 or RF2) shown in FIG. 2 is disposed over the entire
surface of the glass substrate but, even when the resin film is
disposed only in an area close to the perimeter of the glass
substrate, a certain increase in mechanical strength can be
expected. In particular, when a polarizing plate, another sub-
strate (a plastic substrate), or the like, is attached to the sur-
face of the resin film using an adhesive, as will be described
hereafter, even by simply disposing the resin film in a periph-
eral area, it is possible to increase the mechanical strength of
the glass substrate to a strength close to a case in which the
resin film is disposed over the entire surface of the glass
substrate.

[0039] With the display device of the invention, further-
more, as shown in FIG. 2, a polarizing plate (PP1 or PP2; the
thickness of the polarizing plate is about 100 pm) is attached
to the glass substrate (GS (CF) or GS (TFT)) by means of an
adhesive (AD1 or AD2; the thickness of the adhesive is
around 20 um). Even though the display panel is configured
by attaching a multilayer plate-like body in this way, as the
resin film (RF1 or RF2) is thus disposed, it is possible to
reduce the thickness of the glass substrate to 0.15 mm or less,
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and even to 0.05 mm or less, and it is possible to reduce the
thickness of the whole of the display panel.

[0040] Hereafter, a description will be given of a manufac-
turing process of each kind of display panel used in the
display device of the invention.

[0041] FIGS.3Ato 3D, being afirst embodiment relating to
a display panel manufacturing process, illustrate steps of
fabricating the display panel shown in FIG. 2.

[0042] InStep 1 (FIG.3A), aliquid crystal display cell (an
LCD cell) using glass substrates is fabricated by a heretofore
known method. At this time, the thickness of the glass sub-
strates is 0.5 mm, and the layer thickness of a liquid crystal
LC between the substrates is around 4 um. Naturally, a color
filter and the like are formed on the glass substrate (GS (CF)),
and a thin film transistor and the like are formed on the glass
substrate (GS (TFT)).

[0043] In Step 2 (FIG. 3B), the thickness of the glass sub-
strates is reduced to 0.15 mm by a mechanical polishing
and/or an HF etching. Naturally, it is also possible to reduce
the thickness of the glass substrates to 0.05 mm.

[0044] Next, in Step 3 (FIG. 3C), the thickness-reduced
glass substrates are coated with an ultraviolet curable resin by
a spin coat method, a slit coat method, or the like, and fur-
thermore, the resin applied as a coating is cured by being
irradiated with ultraviolet (UV). Although the thickness of the
resin film can be set arbitrarily, it is possible to set it to a range
of 0.5 pm to 100 um. It is also possible to employ a heat
curable resin in place of the ultraviolet curable resin.

[0045] Finally, in Step 4 (FIG. 3D), a polarizing plate (PP1
or PP2) with an adhesive (AD1 or AD2) is attached to a
surface of the resin film (RF1 or RF2).

[0046] FIGS. 4A to 4E, being a second embodiment relat-
ing to the display panel manufacturing process, illustrate
steps of fabricating a liquid crystal display panel with a plastic
substrate attached on either side of the liquid crystal display
cell.

[0047] Steps 1 to 3 of FIG. 4A to 4C are the same as Steps
1t0 3 of FIG. 3A to 3C. In Step 4 (FIG. 4C), a surface of the
resin film (RF1 or RF2) is coated with an adhesive (AD1 or
AD2), and a plastic substrate (0.1 mm thick; PL1 or PL.2) is
attached thereto.

[0048] Finally, in Step 5 (FIG. 4E), a polarizing plate (PP1
or PP2) with an adhesive (AD3 or AD4) is attached to a
surface of the plastic substrate (PL1 or PL2).

[0049] FIGS. 5A to SE, being a third embodiment relating
to a display panel manufacturing process, illustrate steps of
fabricating a liquid crystal display panel in which a liquid
crystal display cell is configured of substrates of different
materials, a glass substrate and a plastic substrate, wherein
another plastic substrate is attached on the glass substrate
side.

[0050] In Step 1 (FIG.5A), acolor filter is formed ona 0.1
mm thick plastic substrate (PL. (CF)), a thin film transistor
(TFT) is formed on a 0.5 mm thick glass substrate (GS (TFT))
and, as well as both of them being attached to each other, a
seal member SE is disposed between both substrates, and a
liquid crystal LC is sealed inside, fabricating a liquid crystal
display cell. The layer thickness of the liquid crystal LC
between the substrate is around 4 pm.

[0051] In Step 2 (FIG. 5B), the thickness of the glass sub-
strate on which the TFT is formed is reduced to 0.15 mm by
a mechanical polishing and/or an HF etching. Naturally, it is
also possible to reduce the thickness of the glass substrate to
0.05 mm.
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[0052] In Step 3 (FIG. 5C), the thickness-reduced glass
substrate (GS (TFT)) is coated with an ultraviolet curable
resin by a spin coat method, a slit coat method, or the like, and
furthermore, the resin film (RF3) applied as a coating is cured
by being irradiated with ultraviolet (UV). Although the thick-
ness of the resin film can be set arbitrarily, it is possible to set
it to a range of 0.5 pum to 100 um. Itis also possible to employ
a heat curable resin in place of the ultraviolet curable resin,
but a resin is used which has a range of curing temperature in
which it does not happen that the plastic substrate (PL (CF))
is deformed, or that the light transmittivity thereof deterio-
rates, due to the application of heat during the curing.

[0053] In Step 4 (FIG. 4D), a surface of a resin film (RF3)
is coated with an adhesive (AD5), and a plastic substrate (0.1
mm thick; PL3) is attached thereto.

[0054] Finally, in Step 5 (FIG. 4E), a polarizing plate (PP1
or PP2) with an adhesive (AD6 or AD7) is attached to a
surface of the plastic substrate (PL (CF) or PL3).

[0055] FIGS. 6Ato 6E, being a fourth embodiment relating
to a display panel manufacturing process, illustrate steps of
fabricating a liquid crystal display panel, being a liquid crys-
tal display cell having a liquid crystal layer between a thin
film transistor layer (TFTL) remaining after a glass substrate
has been removed partway through and a plastic substrate, in
which another plastic substrate is attached to the thin film
transistor layer.

[0056] InStep 1 (FIG. 6A), acolor filter is formed ona 0.1
mm thick plastic substrate (PL. (CF)), a thin film transistor
layer (TFTL) is formed on a 0.5 mm thick glass substrate (GS)
and, as well as both of them being attached to each other, a
seal member SE is disposed between both substrates, and a
liquid crystal LC is sealed inside, fabricating the liquid crystal
display cell. The layer thickness of the liquid crystal L.C
between the substrate is around 4 pm.

[0057] In Step 2 (FIG. 6B), the glass substrate holding the
TFTlayeris removed by a mechanical polishing and/or an HF
etching, or a transfer method.

[0058] In Step 3 (FIG. 6C), a surface of the TFT layer
(TFTL) is coated with an ultraviolet curable resin by a spin
coat method, a slit coat method, or the like, and furthermore,
the resin film (RF4) applied as a coating is cured by being
irradiated with ultraviolet (UV). Although the thickness of the
resin film can be set arbitrarily, it is possible to set it to a range
of 0.5 pm to 100 um. It is also possible to employ a heat
curable resin in place of the ultraviolet curable resin, but a
resin is used which has a range of curing temperature in which
it does not happen that the plastic substrate (PL (CF)) is
deformed, or that the light transmittivity thereof deteriorates,
due to the application of heat during the curing.

[0059] InStep 4 (FIG. 6D), a surface of the resin film (RF4)
is coated with an adhesive (AD8), and a plastic substrate (0.1
mm thick; PL4) is attached thereto.

[0060] Finally, in Step 5 (FIG. 6E), a polarizing plate (PP1
or PP2) with an adhesive (AD9 or AD10) is attached to a
surface of the plastic substrate (PL (CF) or PL4).

[0061] With the embodiment shown in FIGS. 6A to 6E, no
glass substrate exists in the display panel itself, but in the
event that the thin film transistor layer itself can maintain a
layer form, instead of the glass substrate holding the thin film
transistor as in the other embodiments, it is possible to
improve the mechanical strength of the display panel, using
the resin film, in the same way as with the other embodiments.
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[0062] Next, a description will be given of an embodiment
in which the invention is applied to the kind of organic elec-
troluminescence display device (organic EL display device)
shown in FIG. 7.

[0063] A display panel of the organic EL display device
shown in FIG. 7 is such that a TFT layer (0.5 to 3 um in layer
thickness; TFTL) provided with a thin film transistor (TFT)
circuit and the like, an organic EL layer (0.5 to 3 pum in layer
thickness; OELL) forming a light emitting layer, and the like,
are formed and disposed on a surface of a glass substrate
(GS2). Then, a light emitting portion including the light emit-
ting layer is hermetically sealed with a glass substrate (GS1),
which is an opposed substrate, and a seal member SE. Also, a
space between the two glass substrates (GS1 and GS2) is
filled with an adhesive AD, more closely attaching both of
them to each other.

[0064] Inthe organic EL display device, as shown in JP-A-
2007-335365, there is a case in which a polarizing plate is
attached to a display panel, and a description will be given, in
a fifth embodiment relating to a display panel manufacturing
process shown below, of the fact that the invention can also be
applied to the display panel of this kind of organic EL display
device.

[0065] In Step 1 (FIG. 8A), an organic EL cell using glass
substrates (each of which has a thickness of 0.5 mm) is
fabricated by a heretofore known method. A thin film transis-
tor, which carries out a drive control of the light emitting
portion, a light emitting layer, and the like, are formed on the
lower glass substrate (GS (TFT)). The thickness of the
organic EL layer (OELL) formed between the two glass sub-
strates is on the order of about 10 pm.

[0066] In Step 2 (FIG. 8B), the thickness of the two glass
substrates is reduced to 0.15 mm by a mechanical polishing
and/or an HF etching. It is also possible to reduce the thick-
ness to, more preferably, 0.05 mm or less.

[0067] InStep 3 (FIG.8C), asurface of each glass substrate
is coated with an ultraviolet curable resin by a spin coat
method, a slit coat method, or the like, and furthermore, the
resin film (RF1, RF2) applied as a coating is cured by being
irradiated with ultraviolet (UV). Although the thickness of the
resin film can be set arbitrarily, it is possible to set it to a range
of 0.5 pm to 100 um. It is also possible to employ a heat
curable resin in place of the ultraviolet curable resin, but a
resin is used which has a range of curing temperature in which
the application of heat during the curing does not cause ther-
mal damage to the organic EL layer, and the like.

[0068] In Step 4 (FIG. 8D), a polarizing plate PP with an
adhesive (AD) is attached to a surface of one resin film (RF1),
thereby completing the display panel of the organic EL dis-
play device.

[0069] In an embodiment of FIGS. 8A to 8D too, since the
mechanical strength ofthin glass substrates is increased, resin
films (RF1 and RF2) function effectively.

[0070] As heretofore described, according to the invention,
it is possible to improve the mechanical strength of the dis-
play panel configuring the display device, and provide a dis-
play device with an increased impact strength.

[0071] While there have been described what are at present
considered to be certain embodiments of the invention, it will
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be understood that various modifications may be made
thereto, and it is intended that the appended claims cover all
such modifications as fall within the true spirit and scope of
the invention.

What is claimed is:

1. A display device having a thin film transistor or a color
filter formed on a glass substrate, and a polarizing plate
attached to the glass substrate with an adhesive, wherein

a resin film having no viscosity or adhesion is disposed on
the polarizing plate side surface of the glass substrate.

2. The display device according to claim 1, wherein

the polarizing plate is attached to the resin film with an
adhesive.

3. The display device according to claim 1, wherein

a plastic substrate is attached to the resin film with an
adhesive, and furthermore, the polarizing plate is
attached to the plastic substrate with an adhesive.

4. The display device according to claim 1, comprising:

a display panel in which a thin film transistor is formed on
the glass substrate, a color filter is formed on a plastic
substrate, and the glass substrate and plastic substrate
are disposed opposed to each other, wherein

another plastic substrate is attached to the resin film of the
glass substrate with an adhesive, and furthermore, the
polarizing plate is attached to the other plastic substrate
with an adhesive.

5. The display device according to claim 1, wherein

the resin film is formed in only an area close to the perim-
eter of the glass substrate.

6. The display device according to claim 1, wherein

the resin film is such that an ultraviolet curable or heat
curable resin is applied as a coating, and thereafter,
cured.

7. The display device according to claim 1, wherein

the retardation of the resin film is 5 nm or less.

8. The display device according to claim 1, wherein

the thickness of the resin film is 100 um or less.

9. A display device having a thin film transistor layer,
including a thin film transistor, provided on a glass substrate,
the glass substrate being removed from the thin film transistor
layer, and a polarizing plate being attached to the thin film
transistor layer with an adhesive, wherein

a resin film having no viscosity or adhesion is disposed on
the polarizing plate side surface of the thin film transistor
layer,

a plastic substrate is attached to the resin film with an
adhesive, and furthermore, the polarizing plate is
attached to the plastic substrate with an adhesive.

10. The display device according to claim 1, wherein

the thickness of the glass substrate is 0.15 mm or less.

11. The display device according to claim 1, wherein

the thickness of the glass substrate is 0.05 mm or less.

12. The display device according to claim 1, being a liquid
crystal display device.

13. The display device according to claim 1, being an
organic EL display device.
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