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DISPLAY DEVICE

CLAIM OF PRIORITY

[0001] The present application claims priority from Japa-
nese Patent Application JP 2016-203583 filed on Oct. 17,
2016, the content of which is hereby incorporated by refer-
ence into this application.

BACKGROUND OF THE INVENTION

(1) Field of the Invention

[0002] The present invention relates to a flexible display
device that the substrate is bendable.

(2) Description of the Related Art

[0003] An organic EL display device and a liquid crystal
display device can be flexibly bent by making those displays
thin. An organic EL display device can be more flexible than
a liquid crystal display device because an organic EL display
device doesn’t need a backlight.

[0004] Patent document 1 (Japanese patent laid open
2011-44271) discloses the organic EL display device char-
acterized in that: a flattening film is divided into individual
pixels, and the divided pixels are coated by an electrode,
thus, the organic EL layer is prevented from being contami-
nated by impurities contained in the substrate that is formed
by organic substance.

[0005] Patent document 2 (Japanese patent laid open
2010-73700) discloses the organic EL. display device that the
organic EL layer is made by coating characterized in that:
forming grooves in the bank, which partitions pixels, to
prevent the liquid materials of the organic EL layer from
going to other pixels.

SUMMARY OF THE INVENTION

[0006] An organic EL display device and a liquid crystal
display device can be flexibly bent by making substrates by
flexible organic substance. An organic EL display device can
be more flexible than a liquid crystal display device because
an organic EL display device doesn’t need a backlight.
[0007] The organic EL display device has TFTs (Thin Film
Transistors), various insulating films or protecting films on
the substrate (herein after TFT substrate). Some of those are
formed by inorganic substance like SiO or SiN. (SiOx is
represented by SiO; SiNx is represented by SiN in the
specification.) There is a chance that those inorganic sub-
stances are broken when the displays are bent since those
inorganic films are hard. Many metal wirings, which are
formed by thin films, are formed on the TFT substrate; those
wirings tend to get disconnections when the display device
is bent.

[0008] The purpose of the present invention is to prevent
those inorganic insulating layer and inorganic protective
layer from being broken or to prevent those wirings from
getting disconnections when the display is bent; thus, to
realize reliable flexible display devices.

[0009] A direction of bending of the display device is not
always one direction. Even a display device is bendable,
there is a direction that the display device is hard to bend, or
a direction that the display device tend to be broken when it
is bent. In addition, it is difficult to predict which directions
the display is bent. Thus, another purpose of the present
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invention is to realize a display device that bending stresses
are similar when the display is bent in any directions.
[0010] The present invention can solve the above prob-
lems; concrete measures are as follows:

[0011] An organic EL display device comprising: pixels,
each of the pixels has an emitting layer, which is sandwiched
by a lower electrode and an upper electrode, a first inorganic
protective film is formed on the emitting layer, the first
inorganic protective film is circle or polygon having at least
five sides, in a plan view.

[0012] (2) An organic EL display device comprising:
pixels, each of the pixels has an emitting layer, which is
sandwiched by a lower electrode and an upper electrode, and
a first TFT, which connects with the lower electrode,
wherein the first TFT includes a first semiconductor layer,
which is formed on an first undercoat formed on a substrate,
a first gate insulating film and a first gate electrode, the first
undercoat is formed in island shape at a position correspond-
ing to the first TFT, the first undercoat is circle or polygon
having at least five sides, in a plan view, the first gate
insulating film, which is formed on the first undercoat, is
formed in island shape, the first gate insulating film is circle
or polygon having at least five sides, in a plan view.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a cross sectional view according to the
present invention;

[0014] FIG. 2 is an equivalent circuit of the pixel;
[0015] FIG. 3 is a plan view that shows the structure that
the gate electrode has been formed;

[0016] FIG. 4 is a plan view that shows the structure up to
the structure that the drain electrode and the source electrode
are formed;

[0017] FIG. 5 is a plan view of the pixels according to the
present invention;

[0018] FIG. 6 is a plan view of another example of the
pixels according to the present invention;

[0019] FIG. 7 is a plan view of yet another example of the
pixels according to the present invention;

[0020] FIG. 8 is a cross sectional view that the polarizing
plate is adhered to the organic EL display device;

[0021] FIG. 9 is a plan view of yet another example of the
pixels according to the present invention;

[0022] FIG. 10 is a cross sectional view of the organic El
display device as a comparative example.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0023] Before explaining the structure of the present
invention, a comparative example of the organic EL display
device that doesn’t use the present invention is explained.
FIG. 10 is a cross sectional view of the organic EL display
device as a comparative example. Since detailed structure
will be explained in FIG. 1, only outlines of the structures
are explained here. In FIG. 10, the undercoat 101 by SiO or
SiN is formed on the TFT substrate that is formed by resin.
The semiconductor layer 102, the gate insulating film 103,
which covers the semiconductor layer 102, are formed on
the undercoat 101.

[0024] The gate electrode 104 is formed on the gate
insulating film 103; the interlayer insulating film 105 is
formed by e.g. SiN on the gate electrode 104. The through
holes are formed in the interlayer insulating film 106 and the
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gate insulating film 103 to connect the semiconductor layer
102 with the drain electrode 106 or the source electrode 107,
which are formed by metal or alloy. The organic passivation
film 108 is formed on the drain electrode 106 or the source
electrode 107. The lower electrode 109 is formed on the
organic passivation film 108; the lower electrode 109 works
also as a reflecting electrode. The bank 110 is formed to
cover the periphery of the lower electrode 109.

[0025] The organic EL layer 111 is formed in a hole of the
bank 110; the upper electrode 112 is formed on the organic
EL layer 111. The upper electrode, which is formed by an
oxide conductor film, a metal film or an alloy film, is formed
all over the display area. The protective layer is formed on
the upper electrode 112. The protective layer comprises: a
first inorganic protective film 113 formed by e.g. SiN, an
organic protective film 114 formed e.g. by acrylic and a
second inorganic protective film 115 formed by e.g. SiN.
[0026] In FIG. 10, the undercoat 101, the gate insulating
film 103, the interlayer insulating film 105, the first protec-
tive film 113, the second protective film 115 are formed by
e.g. SiO or SiN, which are hard and formed in a large area.
Therefore, when the display is bent, those layers tend to be
broken; consequently, they will not be able to work properly
as an insulating layer or a protective layer.

[0027] In addition, the lower electrode 109 is formed by a
laminated film of oxide conductor and metal. The upper
electrode is formed by a thin film of metal or alloy, or by an
oxide conductor. Further, the upper electrode 112 is formed
on all over the display area. Therefore, the display, when it
is used in bending condition, those electrodes tend to be
broken.

[0028] As described above, the structure that doesn’t use
the present invention has a problem of reliability when it is
bent. The present invention solves this problem. The preset
invention is explained by the embodiments in detail.

First Embodiment

[0029] FIG. 1 is a cross sectional view of the organic EL
display according to the present invention. FIG. 1 is a cross
sectional view of the driving TFT (T1) and the organic EL
element (EL) in the pixel, which is explained in FIG. 2.
Herein after, if it is not specifically noted, the TFT means the
driving TFT (T1). In FIG. 1, the TFT substrate 100 is formed
by glass or resin. Glass, if the thickness is 0.2 mm or less,
can be flexibly bent. On the other hand, if the TFT substrate
is formed by resin, the display device becomes more flex-
ible.

[0030] Polyimide is specifically suitable for the substrate
because of its heat resistance and its mechanical strength.
Since polyimide can be made as thin as 5-20 um, a very thin
display device can be realized. A manufacturing method of
the TFT substrate 100 of polyimide is as follows:

[0031] At the outset, polyamic acid, which is material of
the polyimide, is coated on the glass substrate, then the
polyamic acid is imidized; consequently the TFT substrate
100 of approximately 10-20 um in thickness is formed. After
that, the TFTs, the organic passivation film, insulating lay-
ers, wirings, protective layers are formed on the TFT sub-
strate 100. After that, a laser is irradiated at the interface of
the glass substrate and the polyimide, then, the glass sub-
strate is removed from the TFT substrate.

[0032] Back to FIG. 1, the undercoat 101 is formed on the
TET substrate 100. However, unlike a conventional struc-
ture, the undercoat is formed island like at a portion where

Apr. 19,2018

the TFT is formed. The undercoat is formed by CVD on all
over the TFT substrate, then, is patterned in island like by
photo lithography. The function of the undercoat is to block
the impurity from the glass substrate or the resin substrate;
thus, to protect the semiconductor 102 of the TFT from
being contaminated by the impurity.

[0033] The undercoat 101 is generally formed by a lami-
nated film of a SiN film and a SiO film; both of SiN and SiO
are hard materials. Thus, when the display device is bent, the
undercoat 101 is destroyed. In this invention, however, the
undercoat 101 is formed in a limited area where TFT is
formed; thus, stress to the undercoat is limited in an extent
that the undercoat 101 is not broken. Further, in the present
invention, the plan view of the undercoat is made as circle,
thus, the stress is uniform in all the bending directions. The
circle in this specification means a disc shape, not a circle
line.

[0034] The semiconductor layer 102 is formed on the
undercoat 101. The semiconductor layer 102 is formed by
the LTPS (Low Temperature Poly-Si). Namely, the a-Si is
formed on all over the substrate by CVD, then, the a-Si is
transformed to the Poly-Si by irradiating excimer laser on it.
After that, the Poly-Si is patterned by photo lithography.
[0035] After that, the gate insulating film 103 is formed on
the semiconductor layer 102. The gate insulating film 103 is
SiO formed by CVD using TEOS (Tetraethyl orthosilicate)
as material. The gate insulating film is also formed on all
over the substrate first, then, it is patterned by photo lithog-
raphy. In addition, in the present invention, the plan view of
the gate insulating film 103 is made as circle, thus, the stress
is uniform in all the bending directions.

[0036] The gate electrode 104 is formed by a metal or an
alloy on the gate insulating film 103. The Metals used for the
gate electrode 104 are Mo, W, Ti or alloys of those metals.
The TFT in FIG. 1 is the driving TFT (T1), which is
explained in FIG. 2; the gate electrode of the driving TFT
(T1) connects with the source electrode of the selecting TFT
(T2).

[0037] FIG. 3 is a plan view of the structure explained in
the above process. In FIG. 3, the undercoat 101 is first
formed in circle shape; then the semiconductor layer 102 is
formed on it. The gate insulating film 103 is formed in circle
shape on the semiconductor layer 102. Then, the gate
electrode 104 is formed on the gate insulating film 103.
[0038] Back to FIG. 1, the interlayer insulating film is
formed on the gate electrode 104 and the gate insulating film
103. The interlayer insulating film 105 is formed only on the
gate insulating film, not all over the substrate. Namely, the
interlayer insulating film 105 is also made in circle shape, in
a plan view, as the undercoat 101 or the gate insulating film
103. The reason is that the interlayer insulating film 105 is
also formed by inorganic substance like SiN; thus, if it is
formed all over the substrate, the interlayer insulating film
105 tends to be broken when the display is bent. The
interlayer insulating film 105 is formed on all aver the
substrate by CVD, first, then, patterned by photo lithogra-
phy. In addition, in the present invention, the plan view of
the interlayer insulating film 105 is made as circle, thus, the
stress is uniform in all the bending directions.

[0039] After that, the through holes 1061, 1071 are formed
in the interlayer insulating film 105 and the gate insulating
film 103 for the drain electrode 106 and the source electrode
107. The drain electrode 106 and the source electrode 107
are formed by e.g. Mo, W, Ti or Al alloy. FIG. 4 is a plan
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view of this stage. In FIG. 4, the interlayer insulating film
105 is made circle shaped like the undercoat 101 and the
gate insulating film 103. The drain electrode 106 contacts
with the semiconductor layer 102 via through hole 1061
formed in the interlayer insulating film 105 and the gate
insulating film 103; The source electrode 107 contacts with
the semiconductor layer 102 via through hole 1071 formed
in the intetlayer insulating film 105 and the gate insulating
film 103.

[0040] Back to FIG. 1, the organic passivation film 108 is
formed covering the TFT. The organic passivation film 108
is made as thick as 2-3 um since the organic passivation film
108 has also a role as a flattening film. The organic passi-
vation film 108 is formed by resin, like acrylic. Using photo
sensitive material for the organic passivation film 108, the
through hole 1081 can be made without using a photo resist.
[0041] The lower electrode 109, which works as anode, is
formed on the organic passivation film 108. The lower
electrode 108 is a laminated film of the ITO (Indium Tin
Oxide) film and the Ag film. The Ag film works as a
reflection electrode. The ITO film formed under the Ag film
has a role to strengthen the adhering between the organic
passivation film 108 and the lower electrode 109. The ITO
film formed on the Ag film works as anode. In the meantime,
the metal film can be made by a metal other than Ag. The
lower electrode 109 connects with the source electrode 107
of the TFT via the through hole 1081 formed in the organic
passivation film 108.

[0042] The bank 110 is formed after the lower electrode
109 is formed. The bank 110 works to prevent a disconnec-
tion of the organic El layer. The bank 110 has also a role to
isolate pixels from each other. The bank 110 is formed by
resin of e.g. acrylic in thickness approximately 2 pm. The
bank is formed as follows: a resin is coated on all over the
substrate in about 2 pm thickness, then the resin is removed
from the area where emitting substance is to be formed. The
photo sensitive resin is preferable for the resin for the bank
110 because of easy manufacturing process.

[0043] The bank 110 is formed in circle shape, in a plan
view, as the same as the protective film that is formed later.
The above structure is shown in FIG. 5 as a plan view. FIG.
5 is a plan view of the pixel where the shaded circle area is
a laminated portion of the bank 110, the first inorganic
protective film 113, the organic protective film 114 and the
second inorganic protective film 115. Namely, this circle
shaped area is very thick compared to other portions; thus,
this circled area is hard to be bent. Therefore, bending stress
of the area where the bank 110 is formed is kept small. In the
meantime, the rectangular region surrounded by a broken
line is an arena where the 110 is eliminated and the organic
EL layer is formed; thus, actual bank 110 is an area between
the circle and the rectangular broken line.

[0044] Back to FIG. 1, in an area that is surrounded by the
bank 110, the organic EL layer 111 is formed on the lower
electrode 109. The organic EL layer comprising; e.g. the
hole injection layer, the hole transport layer, the light emit-
ting layer, the electron transport layer and the electron
injection layer. Then the upper electrode 112 is formed on
the organic EL layer. The upper layer constitutes a cathode
and made by e.g. MgAg.

[0045] Conventionally, the upper electrode 112 was
formed on all over the substrate; however, in the present
invention, the upper electrode is formed only on the area that
essentially covers the organic EL layer; consequently, cath-
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ode voltage is supplied by cathode wiring 40. Namely, an
alloy like MgAg alloy is hard; in addition, they are formed
thin to maintain transmittance of the light; thus, when the
display device is bent, the conventional upper electrode 112
tends to be broken. The present invention avoids this prob-
lem by making the upper electrode 112 only on the area that
essentially covers the organic EL layer 111; thus, the dis-
connection of the upper electrode can be avoided.

[0046] The upper electrode 112 is formed to cover the
organic EL layer 111. The upper electrode 112 works as a
cathode, thus, it must be supplied with a cathode voltage. In
the present invention, since the upper electrode 112 is not
formed in common in all the pixels but formed in individual
pixels, the upper electrode 112 extends on the top of the bank
110, then connects with the cathode wiring 40 via the
through hole 1101 formed in the bank 110; thus, the cathode
voltage is supplied to the upper electrode 112. By the way,
the thickness of the cathode wiring is 200 nm or more, which
is thicker than the metal or the alloy of the upper electrode,
thus, possibility of disconnection is very low even when the
display is bent. The transparent oxide conductive film like
e.g. AZO (Antimony Zinc Oxide) may be used as the upper
electrode 112, however, the plan view of the pixel structure
is the same as the case that MgAg is used as the upper
electrode 112.

[0047] InFIG. 1, the protective film is formed on the upper
electrode 112. The organic EL layer is degraded by moisture;
thus, the protective film is formed to protect the organic EL
layer 111. In FIG. 1. the protective film comprises: the first
inorganic protective film 113, the organic protective film 114
and the second inorganic protective film 115. The first
inorganic film 113, which is formed directly on the upper
electrode 112, protects the organic EL layer 111 from the
moisture. The first inorganic film 113 is formed by e.g. SiO
or SiN in thickness about several hundred nanometers.
[0048] On the other hand, the organic protective film 114,
which mechanically protects the organic EL layer 111, is
formed as thick as 10-15 um. A thickness of the organic
protective film 114 is preferably two times or more thickness
compared with the organic passivation film 108, and more
preferably, three times or more than the thickness of the
organic passivation film 108, and further preferably, thick-
ness is 10 um or more. As described above, the organic
protective film 114 is made thick and in island shape; thus,
the portion, where the organic EL display layer 111 exists,
doesn’t bend easily, consequently, the organic EL display
layer 111 is not destroyed even the display device is bent. In
addition, layers formed under the organic EL layer 111 like
the inorganic insulating films and the oxide conductive film,
or the inorganic protective films are not destroyed. The
organic protective film 114 is formed by a transparent resin
like acrylic.

[0049] The second inorganic protective film 115 is formed
covering the organic protective film 114. The second inor-
ganic protective film 115 covers the side surface of the
organic protective film 114, thus, the organic protective film
114 is protected from intrusion of the moisture. The second
inorganic protective film 115 is formed by SiN or SiO; the
thickness of the inorganic protective film 115 is several
hundred nanometers.

[0050] As shown by hatching area of FIG. 5, the plan view
of the first inorganic protective film 113, the organic pro-
tective film 114, the second inorganic passivation film 115
are circle. The bank 110 is formed in the area where the
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protective films 113, 114, 115 are formed, thus, this area is
much thicker compared with the other area, consequently,
the area the protective films 113, 114, 115 are formed is hard
to be bent even when the display is bent. That means the
mechanical stress in the certain inorganic layers or in the
organic EL layer can be kept low; thus, films or layers in this
area are not broken.

[0051] In addition, since the area, where the protective
layer is formed, is circle, in a plan view, the various
inorganic films and the organic EL layer are protected from
the mechanical stress in any bending directions.

[0052] FIG. 2 is an equivalent circuit of the pixel of the
organic EL display device according to the present inven-
tion. In FIG. 2, the scanning lines 10 and the cathode lines
40 extend in lateral direction and arranged in longitudinal
direction. The video signal lines 20 and anode lines 30
extend in longitudinal direction and arranged in lateral
direction. The pixel is formed in an area surrounded by “the
scanning liens and cathode lines” and “the video signal lines
20 and anode lines 30”.

[0053] In general, organic EL display device doesn’t need
the cathode lines 40 since the cathode is formed on all over
the display area; however, in the present invention, cathode
lines 40 exist since the cathode voltage must be supplied to
the cathode of the individual pixels. In FIG. 2, the cathode
lines 40 extend in the same direction as the scanning lines 10
extend; however, the cathode lines 40 can extend in the
direction the video signal lines 20 extend according to a
necessity of the layout.

[0054] In the pixel, the organic EL element (EL), formed
by the organic EL layer; and the driving TFT (T1) are
serially connected. TFT in FIG. 1 is the driving TFT (T1).
The storage capacitance Cs is formed between the gate and
the drain of the driving TFT (T1). According to the voltage
stored in the storage capacitance Cs, the current flows from
the driving TFT (T1) to the organic EL element (EL).
[0055] In FIG. 2, a scanning line 10 connects to the gate
of the selecting TFT (T2); according to ON or OFF signals
of the scanning line 10, the gate of the selecting TFT
becomes ON or OFF. When the selecting TFT (T2) becomes
ON, video signals are supplied from the video signal line 20,
and the storage capacitance Cs is charged with the video
signals; the driving TFT (T2) is driven according to the
stored voltage in the storage capacitance Cs; thus, the
current flows in the organic EL layer (EL).

[0056] FIG. 5 is a plan view of the pixels according to the
present invention. Though many pixels are formed in the
display area in a matrix arrangement FIG. 5 depicts only
four pixels. In FIG. 5, the scanning lines 10 and the cathode
lines 40 extend in lateral direction while the video signal
lines 20 and anode lines 30 extend in lateral direction. The
pixel is formed in the area surrounded by the scanning lines
10 and the video signal lines 20; the organic EL layer and the
TFT are formed in the pixel. The feature of the pixel of FIG.
5 is that the pixel is square.

[0057] In FIG. 5, the circle area, which is made hatching,
is a thick area that is formed by the laminated layer of the
bank 110, the first inorganic protective film 113, the organic
protective film 114 and the second inorganic protective film
115. In the circle, the square area shown by the broken line
is the area the organic EL layer 111 is formed, from which
the light is emitted. The bank 110 doesn’t exist in the square
area surrounded by the broken line. The square area is
covered by only the above explained protective films.
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[0058] The area, which is represented by the second
inorganic protective film 115, is circle, in a plan view. This
area is hard to be bent in any directions; thus, the organic EL
layer 111, the inorganic layers, etc. are mechanically pro-
tected. Namely, important elements of e.g. the organic EL
layer 111, the driving TFT (T1) are located in this area, thus,
those elements are protected from a bending stress.

[0059] In FIG. 5, the selecting TFT (T2) is formed in
outside of the second inorganic protective film 115. The gate
of the selecting TFT (T2) connects with the scanning line 10
while the drain of the selecting TFT (T2) connects with the
video signal line 20. The source of the selecting TFT (T2)
connects with the gate of the driving TFT (T2). The selecting
TFT (T2) is formed on the undercoat 101, which is formed
in circle shape in a plan view. The gate insulating film 103
and the interlayer insulating film 105 are also formed in
circle shape as the same as the undercoat 101, which was
explained in FIGS. 3 and 4. Therefore, even the selecting
TFT (T2) is not mechanically protected by the protective
films it is protected by the laminated layers of the undercoat
101, the gate insulating film 103 and the interlayer insulating
film 105, which are made in circle shape in a plan view.
Therefore, the selecting TFT (T2) is also endurable to the
bending stress, and the elements constituting the selecting
TFT (T2) are not easily broken.

[0060] By the way, the driving TFT (T1) is endurable to
the bending stress since the driving TFT (T1) is mechani-
cally protected by the second inorganic protective film 115,
the organic protective film 114 and the first inorganic
protective film 113 against the bending stress. In addition,
the driving TFT (T1) also is formed in the area where the
undercoat 101, the gate insulating film 103 and the interlayer
insulating film 105 are formed in circled island shape; thus,
the driving TFT (T2) is double protected against the bending
stress.

[0061] As depicted in FIG. 5, the laminated area of the
undercoat 101, the gate insulating film 103 and the interlayer
insulating film 105, which are overlapped with the driving
TFT (T1) and the laminated area of the undercoat 101, the
gate insulating film 103 and the interlayer insulating film
105, which are overlapped with the selecting TFT (T2) can
be separated to each other in a plan view.

[0062] In FIG. 5, the interlayer insulating film 105 is
formed in island shape in the area where the scanning line
10 and the video signal line 20 cross each other. However,
the area of this island shaped interlayer insulating film 105
is very small, thus, bending stress in this island shaped
interlayer insulating film is small; thus, probability is small
in that this interlayer insulating film is broken when the
display is bent. The plan view of the interlayer insulating
film 105, formed in island shape in the area where the
scanning line 10 and the video signal line crosses, is circle.
[0063] FIG. 6 is a plan view of another example of the
present invention. FIG. 6 is different from FIG. 5 in that the
selecting TFT (T2) is formed under the second inorganic
protective film 115, the organic protective film 114 and the
first inorganic protective film 113. Therefore, in FIG. 6, the
selecting TFT (T2) is double protected against the bending
stress as the case of the driving TFT (T1).

[0064] In FIGS. 5 and 6, the driving TFT (T1) is formed
in the circle, which is made hatching, where the second
inorganic protective film 115 and other protective films are
formed. However, for the convenience of layout, the driving
TFT (T1) may be set outside of the circle, which is made
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hatching. Even in this case, the driving TFT (T1) can be
protected against the bending stress when the display is bent
by setting the driving TFT (T1) in an area where the
undercoat 101, the gate insulating film 103 and the interlayer
insulating film 105 are laminated in circle island shape in a
plan view. Thus, the driving TFT (T1) can avoid being
broken by the bending stress.

[0065] FIG. 7 is another example that the present inven-
tion is applied to another arrangement of the pixels. In FIG.
7, the pixels aligned in a first row and the pixels aligned in
a second row are shifted by half length of the pixel. In FIG.
7, the circle area, where hatching is made, is a thick area
where the second inorganic protective film 115, the organic
protective film 114, etc. are laminated; thus, this area is hard
to be bent. In FIG. 7, since pixels are shifted by half length
of the pixel in lateral direction between the first row and the
second row, the display device becomes easy to bend in
longitudinal direction; however the display becomes hard to
bend in lateral direction. Namely, there is no thick area along
the scanning lines 10, thus, the display device becomes easy
to bend in the direction perpendicular to the direction the
scanning lines 10 extend.

[0066] On the contrary, the pixels aligned in a first column
in longitudinal direction and the pixels aligned in a second
column in longitudinal direction are shifted by half length of
the pixel in longitudinal direction, the display device
becomes easy to bend in lateral direction and becomes
difficult to bend in longitudinal direction. As described
above, the display can be designed to have an easy bending
direction by applying the present invention in a specific
pixel arrangement.

[0067] In any events, the important matter is that the area,
which is protected by protective films whose shape is circle
in a plan view, is protected from bending stress in any
bending directions in the structure of FIGS. 5-7 or any other
arrangement of the pixels. Thus, disconnection of wirings or
destruction of the inorganic insulating films, the inorganic
protective films or the oxide conductive films can be sup-
pressed.

[0068] In FIGS. 5-7, the circle portion represented by the
second inorganic protective film 105 in one pixel and the
circle portion represented by the second inorganic protective
film 105 in another pixel are separated by a distance of 2 pm
or more, preferably 5 pm or more. If the distance is 2 um or
more, an interference between the circled protected areas
can be avoided when the display device is bent; thus a
bending stress caused by the thick area in adjacent pixel is
avoided.

[0069] In the above explanation, the laminated area of the
bank 110, the first inorganic protective film 113, the organic
protective film 114, the second inorganic protective film 115
are circle in a plan view; however, sometimes it happened to
be difficult to make them in circle shape because of e.g.
layout requirement. In this case, the laminated area can be
polygon like octagon, heptagon, hexagon, pentagon, etc.
The polygon has preferably at least five sides. The purpose
is to make the bending stress as uniform as possible in any
bending directions.

[0070] As described in FIG. 1, the area, where the bank
110, the first inorganic protective film 113, the organic
protective film 114 and the second inorganic protective film
115 are formed, is thicker compared with the other area;
thus, the surface of the organic EL display device becomes
uneven. On the other hand, a polarizing plate is used in the
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organic EL display device to avoid reflection of external
light. FIG. 8 is a cross sectional view that shows this
structure. The polarizing plate 200 is adhered to the organic
EL display device with the adhesive 201.

[0071] The adhesive 201 is 20-30 um thick, thus, the
adhesive 201 can fill the dent portion of the surface, con-
sequently, the surface of the polarizing plate 200 becomes
flat. The thickness of the polarizing plate is about 100 pm,
and the basic material is resin; thus, the polarizing plate
doesn’t hinder for bending the organic EL display device.
[0072] In the above examples, the thick laminated area of
the bank 110, the first inorganic protective film 113, the
organic protective film 114, the second inorganic protective
film 115, etc. is formed in each of the pixels. The term of
“pixel” can be substituted as “sub pixel” or “dot”. However,
when the screen becomes high definition, it becomes diffi-
cult to form such protective films in each of the pixel. In this
case, the thick protective films of the bank 110, the first
inorganic protective film 113, the organic protective film
114, the second inorganic protective film 115, etc. can be
formed in common in several pixels.

[0073] FIG. 9 is an example where the laminated layer,
which is circle in a plan view, formed by the bank 110, the
first inorganic protective film 113, the organic protective
film 114, the second inorganic protective film 115, etc.
covers four pixels in common. The pixels are square and the
protectives layers are circle, thus, the organic EL layer 111
is shifted from the center of the pixel so that the four organic
EL layers are protected effectively by one laminated area of
the protective films. The upper electrode can be formed in
common for the four pixels; then the upper electrode for the
four pixels can be separated from the other upper electrodes
for the other four pixels. The driving TFT (T1) and the
selecting TFT (T1) are omitted in FIG. 9.

[0074] FIG. 9 shows only four pixels, and the set of four
pixels is repeatedly arranged to form the display area. The
common protective layer represented by the second inor-
ganic protective film 115 for four pixels is circle (the
common protective layer may be conveniently labeled as
115 in the specification), the circled protective layer is
arranged repeatedly in the display area. A certain distance is
necessary between the common protective layer 115 and the
adjacent common protective layer 115. If the distance is 2
um or more, an interference between the circled protected
areas can be avoided when the display device is bent; thus
a bending stress caused by the thick area in adjacent pixel
can be avoided.

[0075] FIG. 9 shows that one island shaped protective
layer is formed for four pixels in common. If the pixels are
arranged like FIG. 7 as that the pixels aligned in a first row
and the pixels aligned in a second row are shifted by half
length of the pixel, three pixels are covered by a common
protective layer, which is circle island shape. By setting
three pixels to be covered by the by the common protective
layer 115, a red pixel, a green pixel and a blue pixel can be
set in common, thus, white uniformity can be easily attain-
able.

[0076] As described above, the laminated protective layer,
which is made circle in a plan view, can be formed in
common for plural pixels. The area is protected from mois-
ture and protected from bending stress as well.

[0077] The above explanation was made under the condi-
tion that the TFT is a top gate type, however, the present
invention is applicable when the TFT is a bottom gate type.
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Even in a bottom gate type, the gate insulating film is
indispensable, and generally, the undercoat and the intet-
layer insulating film are necessary. Thus, the present inven-
tion can be applied to the structure that the TFT is the bottom
gate type and can perform the same effects as in the top gate
type TFT as explained above.
What is claimed is:
1. An organic EL display device comprising:
pixels,
each of the pixels has an emitting layer, which is sand-
wiched by a lower electrode and an upper electrode,
a first inorganic protective film is formed covering the
emitting layer,
the first inorganic protective film is circle or polygon
having at least five sides, in a plan view.
2. The organic EL display device according to claim 1,
wherein an organic protective film is laminated on the first
inorganic protective film, the organic protective film is
circle or polygon having at least five sides, in a plan
view.
3. The organic EL display device according to claim 2,
wherein a thickness of the organic protective film is 10 pm
or more.
4. The organic EL display device according to claim 2,
a second inorganic protective film is laminated on the
organic protective film, the second inorganic protective
film is circle or polygon having at least five sides, in a
plan view.
5. The organic EL display device according to claim 4,
wherein plural pixels include a first pixel and a second
pixel,
wherein one of the first protective film is formed in the
first pixel,
another of the first protective film is formed in the second
pixel,
the one of the first protective film and the another of the
first protective film are adjacently located,
a distance between the one of the first protective film and
the another of the first protective film is 2 pm or more.
6. The organic EL display device according to claim 1,
wherein the first inorganic protective film is formed in
plural pixels in common, and the first inorganic pro-
tective film is formed on the emitting layers in the
plural pixels, each of the emitting layers is sandwiched
by the lower electrode and the upper electrode.
7. The organic EL display device according to claim 1,
wherein the upper electrode is formed in the plural pixels
in common, and the upper electrode is separated from
another upper electrode that is formed in common for
other plural pixels.
8. The organic EL display device according to claim 1,
wherein the first inorganic protective film is circle in a
plan view.
9. The organic EL display device according to claim 1,
wherein each of the plural pixels has a first TFT connect-
ing with the lower electrode, and a second TFT con-
necting with the first TFT,
the first TFT is covered by the first inorganic protective
film.
10. The organic EL display device according to claim 9,
wherein the second TFT is covered by the first inorganic
protective film.
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11. The organic EL display device according to claim 9,

wherein the second TFT is not covered by the first
inorganic protective film.

12. An organic EL display device comprising:

pixels,

each of the pixels has an emitting layer, which is sand-
wiched by a lower electrode and an upper electrode,
and a first TFT, which connects with the lower elec-
trode,

wherein the first TFT includes a first semiconductor layer,
which is formed on an first undercoat formed on a
substrate, a first gate insulating film and a first gate
electrode,

the first undercoat is formed in island shape at a position
corresponding to the first TFT,

the first undercoat is circle or polygon having at least five
sides, in a plan view,

the first gate insulating film, which is formed on the first
undercoat, is formed in island shape,

the first gate insulating film is circle or polygon having at
least five sides, in a plan view.

13. The organic EL display device according to claim 12,

wherein the first gate electrode, the first gate insulating
film and the first semiconductor layer are covered by a
first inorganic interlayer insulating film,

the first interlayer insulating film is circle or polygon
having at least five sides, in a plan view.

14. The organic EL display device according to claim 12,

wherein the first undercoat, the first gate insulating film
are circle, in a plan view.

15. The organic EL display device according to claim 13,

the first interlayer insulating film is circle, in a plan view.

16. The display device according to claim 12,

wherein each of the pixels has a second TFT that connects
with the first TFT,

the second TFT includes a second semiconductor layer,
which is formed on a second undercoat formed on the
substrate, a second gate insulating film and a second
gate electrode,

the second undercoat is formed in island shape at a
position corresponding to the second TFT,

the second undercoat is circle or polygon having at least
five sides, in a plan view,

the second gate insulating film, which is formed on the
second undercoat, is formed in island shape,

the second gate insulating film is circle or polygon having
at least five sides, in a plan view.

17. The organic EL display device according to claim 16,

wherein the second gate electrode, the second gate insu-
lating film and the second semiconductor layer are
covered by a second inorganic interlayer insulating
film,

the second interlayer insulating film is circle or polygon
having at least five sides, in a plan view.

18. The organic EL display device according to claim 16,

the second undercoat, the second gate insulating film are
circle, in a plan view.

19. The organic EL display device according to claim 17,

the second interlayer insulating film is circle, in a plan
View.
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