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ORGANIC EL DISPLAY AND METHOD OF
MANUFACTURING ORGANIC EL DISPLAY

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an organic EL. display
which is formed by using, particularly, a plastic substrate and
is driven by a thin film transistor including an active layer
containing a non-metallic element and a method of manufac-
turing the organic EL display.

2. Description of the Related Art

Recently, as development of technologies for materials,
manufacturing, driving circuits, and the like, a technology for
electroluminescence (EL) has been put to practical use of an
organic EL display as one of flat panel displays (FPDs).

In 1997, a monochromatic organic EL display was put to
practical use. After that, area colorization of the organic EL
display is implemented, so that the use thereof'is expended to
displays such as a small-size audio apparatus or a mobile
terminal. In 2001, the colorization was put to practical use by
a passive-matrix-type color display for a mobile phone. After
that, an active-matrix-type colorization has been made by
using thin film transistors. In 2007, the organic EL display
was adopted to 11-inch TVs. Recently, large-size TVs having
40 inches or more has been developed.

In an organic EL device configuring an organic EL display,
an electron injection layer, an electron transport layer, a light
emitting layer, a hole transport layer, a hole injection layer,
and the like are stacked between positive and negative elec-
trodes, and a current is allowed to flow in the organic EL
device by applying a voltage between the positive and nega-
tive electrodes, so that light is emitted. A plurality of display
pixels constructed with the organic EL devices are two-di-
mensionally arranged and used as a display.

For the colorization of an organic EL display, various
methods such as a paint division method, a color conversion
method, a micro-cavity method, or a color filter method have
been proposed. Among these methods, the paint division
method and the color filter method are representative meth-
ods.

In the paint division method, a display pixel is divided into
aplurality of pixels, which are called sub-pixels as devices for
emitting light of red (R), green (G), and blue (B). Four colors
including white (W) and the three colors of RGB may be used
for the sub-pixels.

In the color filter method, white light is emitted, and an
RGB color filter is combined with the sub-pixels, so that the
colorization is implemented. Similarly to the paint division
method, the color filter for the sub-pixels may include four
colors of white (W) and the RGB.

The organic EL device is a surface-shaped self light-emit-
ting device made of a totally solid state material. In compari-
son with a liquid crystal display, a plasma display, or the like,
the organic EL display using the organic EL device is excel-
lent in terms of thin device implementation, a high-speed
responsibility, characteristics of viewing angle, and the like.
Recently, a flexible display using a plastic substrate has been
developed. As a driving method of the organic EL display,
there are a passive matrix type and an active matrix type.

In the passive matrix type, positive and negative electrodes
of the organic EL device as interdigitated electrodes are dis-
posed in the X and Y directions; the one electrode is used as
a scan electrode; and the other electrode is used as a data
electrode. Light is emitted by applying a voltage from an
external constant current circuit to the pixels at the intersec-
tions. Since the thin film transistor for driving the organic EL
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device is unnecessary, the passive matrix type has an advan-
tage in terms of production cost in comparison with the later-
described active matrix type. However, since the number of
scan electrodes is increased as the number of pixels in the
display screen is increased, the duty ratio of driving the pixel
is decreased. Therefore, there is a limitation in that high
luminance may not be obtained.

In the active matrix type, turning ON and OFF of the thin
film transistor (TFT) is performed for each pixel, so that the
lighting state is maintained by holding capacitance (con-
denser). Therefore, high luminance can be sustained although
the number of pixels is increased. Accordingly, the active
matrix type can be used for the applications such as TVs
where the number of pixels is large.

In an active matrix type liquid crystal display, one transis-
tor for selecting pixels is sufficient. However, in the case of an
active matrix type organic EL display, at least two TFTs are
needed. In other words, besides the transistor for selecting the
pixels, a transistor for allowing a current to flow in the organic
EL device of the selected pixel and allowing the organic EL
device to emit light is needed. Therefore, if an aperture ratio
of the display is considered, in the case of the organic EL
display, the size of the TFT becomes an important problem in
comparison with the case of'a liquid crystal display. If the size
of the TFT is small, the aperture ratio of the display can be
increased.

The TFT using an oxide thin film as the active layer is
transparent with respect to visible light, so that it can be
expected that the aperture ratio of the display is increased.

As TFTsused to an active matrix type, ana-Si TFT using an
amorphous silicon (a-SI) as the active layer and a low-tem-
perature p-Si TFT using a low-temperature polysilicon (low-
temperature p-Si) as the active layer are put to practical use
and widely used as a liquid crystal display (refer to JP 2008-
59824 A).

In this manner, in order to implement a large-size, high-
accuracy organic EL display using an organic EL device, an
active matrix driving type needs to be selected as described
above. Inthis case, if an a-Si TFT is used as the TFT, since the
field effectmobility is about 0.5 cm?/Vs, in the case where the
area of the pixel is large or the case where the number of scan
electrodes is large, for example, 2,000 or more, there is a
problem in terms of high-speed responsibility and high lumi-
nance. In other words, in the case where the size of the pixel
of the organic EL device is large, in order to flow a sufficient
current, the size of the TFT needs to be large. However, the
aperture ratio of the pixel is decreased, so that high luminance
may not be implemented. In addition, in the case where the
number of scan electrodes is large due to high accuracy, as the
number of scan electrodes is increased, the writing time is
shortened. Therefore, a sufficient time for charging the hold-
ing capacitance may not be secured, so that turning on of the
TFT may not be satisfactorily performed.

In addition, in the a-Si TFT, a change in the reverse voltage
Vt due to current stress is large, so that the occurrence of
unbalance of the driving current is inevitable for a long time
of the driving. In the organic EL device, the unbalance of the
driving current leads to irregularity in luminance.

On the other hand, in the case where a low-temperature
p-Si TFT is used, the mobility is in a range from 50 cm*/ Vs to
150 cm*/Vs, so that the TFT can be sufficiently adopted to the
driving of a large-size, high-accuracy organic EL display. In
addition, since a change in Vt due to the current driving is
smaller by two digits or more than that of the a-Si, there is no
problem.

However, in the manufacturing of the low-temperature
p-Si, in order to perform molten crystallization of a silicon
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film, excimer laser beams are needed; and in the case of a
large-size display, an excimer laser beam having a length
corresponding to ascreen width is needed. In the current state,
the maximum length of the laser beam is 465 mm, and thus, a
display having a width more than the maximum length may
not be manufactured by using a low-temperature p-Si.

In addition, with respect to the low-temperature p-Si TFT,
since the manufacturing process temperature is high, from
500° C. to 600° C., the plastic substrate may not be used.
Therefore, it is difficult to implement a flexible display.

SUMMARY OF THE INVENTION

The invention is to provide a large-size. high-accuracy
organic EL display using a plastic substrate and a method of
manufacturing an organic EL display using aroll-shaped long
plastic substrate.

In order to solve the aforementioned problems and achieve
the objects, the invention is configured as follows.

According to a first aspect of the present invention, there is
provided an organic EL display which includes an organic EL
device having at least a lower electrode, an organic layer
including at least alight emitting layer, and an upper electrode
and a thin film transistor on a transparent plastic substrate,
wherein a source electrode or a drain electrode of the thin film
transistor is connected to the lower electrode, wherein the
plastic substrate has a gas barrier layer, wherein the thin film
transistor is formed on the gas barrier layer, wherein the thin
film transistor includes an active layer containing a non-
metallic element which is a mixture of oxygen (O) and nitro-
gen (N) and has a ratio of N to O (N number density/O number
density) from O to 2, and wherein the organic EL device is
formed at least on the gas barrier layer or on the thin film
transistor.

A second aspect is the organic EL display according to the
first aspect, wherein a short-side length of a display screen of
the organic EL display is 465 mm or more.

A third aspect is the organic EL display according to the
first aspect, wherein the organic EL device includes layers of
emitting at least three primary colors of red (R), green (G),
and blue (B).

A fourth aspect is the organic EL display according to the
first aspect, wherein the organic EL device includes at least a
white light emitting layer and a color filter layer.

A fifth aspect is the organic EL display according to the
first aspect, wherein the thin film transistor is transparent,
wherein a portion of the organic EL device is two-dimension-
ally and continuously formed through a transparent insulating
layer on the thin film transistor, and wherein the lower elec-
trode of the organic EL device is transparent.

A sixth aspect is the organic EL display according to the
first aspect, wherein the upper electrode of the organic EL
device 1s a light-reflective electrode.

A seventh aspect is the organic EL display according to the
first aspect, wherein the thin film transistor includes a cohe-
sive layer or an adhesive layer at a side of the gas barrier layer.

An eighth aspect is the organic EL display according to the
seventh aspect, wherein the thin film transistor includes a
glass substrate.

A ninth aspect is the organic EL display according to the
first aspect, wherein the thin film transistor is directly formed
on the plastic substrate.

According to a tenth aspect of the present invention, there
is a method of manufacturing the organic EL display accord-
ing to any one of the first to ninth aspects, including at least:
forming an organic EL device portion by forming at least a
lower electrode, an organic layer including at least a light
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emitting layer, and an upper electrode on a transparent plastic
substrate; forming a gas barrier layer on the transparent plas-
tic substrate which has a shape of a long roll; forming a thin
film transistor by forming an active layer containing a non-
metallic element which is a mixture of oxygen (O) and nitro-
gen (N) and hasaratio of N to O (N number density/O number
density) from O to 2 on the gas barrier layer through a sput-
tering method; and forming the organic EL device at least on
the gas barrier layer or on the thin film transistor.

An eleventh aspect is the method according to the tenth
aspect, wherein a short-side length of a display screen of the
organic EL display is 465 mm or more.

A twelfth aspect is the method according to the tenth
aspect, further including a step of forming layers of emitting
at least three primary colors of red (R), green (G), and blue
(B) in the organic EL device.

A thirtieth aspect is the method according to the tenth
aspect, further including a step of forming at least a white
light emitting layer and a color filter layer in the organic EL
device.

A fourteenth aspect is the method according to the tenth
aspect, wherein the thin film transistor is transparent, wherein
a portion of the organic EL device is two-dimensionally and
continuously formed through a transparent insulating layer
on the thin film transistor, and wherein the electrode of the
organic EL device is transparent.

A fifteenth aspect is the method according to the tenth
aspect, wherein the thin film transistor is formed by being
transferred to the plastic substrate through a cohesive layer or
an adhesive layer, after the thin film transistor is formed on a
glass substrate in advance and a portion or the entire of the
glass substrate is removed.

A sixteenth aspect is the method according to the tenth
aspect, wherein the thin film transistor is directly formed on
the plastic substrate.

According the above configurations of the invention, the
following effects can be obtained.

Intheinventiondisclosed in claim 1, even in the case where
the thin film transistor including an active layer containing a
non-metallic element which is a mixture of oxygen (O) and
nitrogen (N) and has a ratio of N to O (N number density/O
number density) from O to 2 is formed at a temperature of
200° C. orless, the performance is equivalent to or higher than
performance ofa thin film transistor using amorphous silicon
formed on a glass substrate at 200° C. or more. The embodi-
ment is very appropriate for the case where the thin film
transistor is formed on a plastic substrate of which the heat
resistant temperature is lower than that of a glass substrate.
On the other hand, the organic EL, device is a self light-
emitting device made of a totally solid state material and has
no dependency of a viewing angle, and the organic EL device
is very appropriate for a device of a flexible display formed on
a plastic substrate. In addition, it is possible to easily obtain a
thin film transistor having a high field effect mobility, so that
the thin film transistor is very appropriate for a large-screen,
high-accuracy display using an organic EL device which is a
current-driven device.

In the invention disclosed in claim 2, a short-side length of
a display screen of the organic EL display C is 465 mm or
more. In a large-screen, high-accuracy organic EL display,
low-temperature P-Si TFTs can be adopted. However, with
respect to the size of a display screen using the low-tempera-
ture P-SiTFTs, a laser annealing apparatus which is an expen-
sive manufacturing apparatus is needed, and due to the limi-
tation of the size of the laser annealing apparatus, if the
short-side length is not 465 mm or less, mass production may
not be made. But, in the embodiment, due to the thin film
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transistors B, it is possible to manufacture a manufacturing
apparatus for the display screen having a short-side length of
465 mm or more with a relatively low production cost.

In the invention disclosed in claim 3, in the case where
full-color display is performed by an organic EL display, a
configuration for emitting light of at least three primary col-
ors of red (R), green (G), and blue (B) is needed. In this case,
since the emitted light of the organic EL device A is directly
used as it is, in the full-color display method, the highest light
use efficiency is preferred, and a configuration for emitting
light of four colors or six colors including white (W), yellow
(Y), cyan (C), and the like in addition to RGB may be used.

In the invention disclosed in claim 4, the organic EL device
includes at least a white light emitting layer and a color filter
layer. Instead of emitting light of three primary colors or light
of four colors to six colors, full color display can be made by
using a white light emitting layer and a color filter layer. In
this case, since only a single white light emitting layer may be
formed as the light emitting layer, there is no need to form
separate light emitting layers for different colors of the emit-
ted light. Therefore, the number of processes can be reduced,
and the manufacturing apparatus is more simplified, so that it
is possible to obtain the effective in that the manufacturing
can be performed with a more inexpensive apparatus. Simi-
larly to a color liquid crystal panel, the full color display is
performed by allowing the light from the white light emitting
layer to transmit through the color filter layer.

In the invention disclosed in claim 5, since transparent
materials are used for the thin film transistor, the insulating
planarizing layer 300 as an insulating material, and the lower
electrode of the organic EL device, although a large-size thin
film transistor is used, the light emission of the organic EL
device can be used for display without blocking thereof.
Accordingly, an aperture ratio of the display can be increased,
and light use efficiency can be improved, so that the embodi-
ment is appropriate for saving energy.

In the invention disclosed in claim 6, since the upper elec-
trode of the organic EL device is configured with a light-
reflective electrode, among the light generated from the
organic EL device, the light propagating toward the upper
side in the opposite direction of the display side is also
reflected toward the display-side direction by the upper elec-
trode, so that the light can be effectively used for display.
Accordingly, there is an advantage in that the light use effi-
ciency of the organic EL device A can be improved.

In the invention disclosed in claim 7, a cohesive layer or an
adhesive layer is provided to the side of the gas barrier layer
of the plastic substrate, so that the separately-produced thin
film transistor can be attached to be fixed on the plastic
substrate by using the cohesive layer or the adhesive layer. In
addition, a roll-to-roll method where taking out from the
rolled state and winding to the rolled state are performed can
be used during the manufacturing. Therefore, even in the case
where there is no equipment for forming a thin film transistor
B on a long substrate, there is an advantage in that a thin film
transistor substrate manufactured separately in a sheet shape
can be used.

In the invention disclosed in claim 8, with respect to a thin
film transistor which requires a high-temperature process so
that the thin film transistor may not be directly formed on the
plastic substrate, there is an advantage in that, after the thin
film transistor is separately produced on the glass substrate,
the thin film transistor can be used in the state where the thin
film transistor is attached on the plastic substrate by using a
cohesive layer or an adhesive layer. In this case, if the thick-
ness of the glass substrate is reduced by etching using hydro-
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gen fluoride water or the like or by polishing using a polishing
agent, it is possible to effectively reduce the thickness of the
device.

In the invention disclosed in claim 9, if the thin film tran-
sistor is directly formed on the plastic substrate, since the
substrate is flexible, the substrate is very appropriate for a
flexible display. Inaddition, in the case where the display is an
organic EL display, the organic EL device is a totally-solid-
state device and has no dependency of a viewing angle. There-
fore the organic EL device is very appropriate for a flexible
display.

In the invention disclosed in any one of claims 10 to 16, it
is possible to manufacture the organic EL display according
to any one of claims 1 to 9.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic cross-sectional diagram illustrating
an organic EL display according to a first embodiment;

FIG. 2 is a schematic cross-sectional diagram illustrating
an organic EL display according to a second embodiment;

FIG. 3 is a schematic cross-sectional diagram illustrating
an organic EL display according to a third embodiment;

FIG. 4 is a circuit diagram illustrating pixels of an organic
EL display according to the invention, of which the driving
method is an active matrix driving method using thin film
transistors;

FIG. 5is aprocess flowchartillustrating a method of manu-
facturing an organic EL display;

FIG. 6 is a schematic diagram illustrating a configuration
of a sputter apparatus; and

FIG. 7 is a plan diagram illustrating a roll-shaped film
substrate.

DETAILED DESCRIPTION OF EMBODIMENTS

Hereinafter, an organic EL display and a method of manu-
facturing an organic EL display according to embodiments of
the invention will be described. Although these embodiments
are exemplary embodiments, the invention is not limited
thereto.

First, embodiments of an organic EL display will be
described.

Organic EL Display
First Embodiment

FIG. 1 is a schematic cross-sectional diagram illustrating
an organic EL display according to a first embodiment. The
organic EL display C according to the first embodiment
includes organic EL devices A formed at least a lower elec-
trode, an organic layer including at least a light emitting layer,
and an upper electrode and thin film transistors B on a trans-
parent plastic substrate 100. The transparent plastic substrate
100 is configured so that a gas barrier layer 1014 is formed on
an upper surface thereof, and a gas barrier layer 1015 is
formed on a lower surface thereof.

The thin film transistor B is formed on the gas barrier layer
1014 to include a gate electrode 200, a gate insulating layer
201, a source electrode 202, an active layer 203, and a drain
electrode 204. The active layer 203 contains a non-metallic
element which is a mixture of oxygen (O) and nitrogen (N)
and has a ratio of N to O (N number density/O number
density) from 0 to 2.

The active layer 203 is made of a combination of a metallic
material (In,O3, Sn0O,) and an insulating material (Si;N,).
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Although a nitride is used for a metallic material, since the
nitride itself is an insulating material, a semiconductor may
not be formed through mixture with other insulating materi-
als. Therefore, an oxide which is a metal itself is used as the
metallic material. On the contrary, if a nitride is used for an
insulating material, a semiconductor produced by mixing the
above two materials becomes a mixture of an oxynitride
containing oxygen (O) and nitrogen (N). The mixture is
expressed by the following formula. The mixture ratios x and
y can be determined under the condition that positive and
negative atomic values are balanced.

':IN23+0327))—(SH4+0227)6-X(Si34+N437)y:IHzXSH6-x
83,0154, Na,

If the mixture ratio of the main metallic material In,Oj is x
and the mixture ratio of the insulating material Si;N, is y, the
mixture ratio of the auxiliary metallic material SnO, becomes
6-x due to the balance of the atomic numbers. The ratio x:y of
the metallic material and the insulating material is determined
by band gaps of the materials and a band gap of a semicon-
ductor formed after the mixture. For example, it is preferable
that the range of x be x=0 to 6 (typical value of 5) and the
range of y be y=0to 6 (typical value of 3).

Accordingly, the amount ratio of O: N is as follows.

0=12 to 18 (typical value of 17)

N=0 to 24 (typical value of 12)

Therefore, O:N=1:0 to 2. The number density ratio of
nitrogen to 1 oxygen, that is, the ratio of nitrogen (N) to
oxygen (O) (N number density/O number density ) is from O to
2.

The organic EL device A is formed at least on the gas
barrier layer 101a or the thin film transistor B. The organic EL
device A include a conductive connection portion 205, an
insulating planarizing layer 300, a lower electrode 301 which
is a positive electrode of the organic EL device A, a hole
transport layer 302, a light emitting layer 303, an electron
transport layer 304, and an upper electrode 305 which is a
negative electrode of the organic EL device A. Although the
lower electrode 301 is electrically connected to the drain
electrode 204 of thin film transistor B through a connection
portion 205, the lower electrode 301 may be connected to a
source electrode 202 of the thin film transistor B.

The gas barrier layers 101a and 1014 are obtained by
forming a thin film such as SiOx or SiNx through a vacuum
layer forming method such as a sputtering method, a CVD
method, or a vacuum deposition method. The thickness of the
gas barrier layer is, for example, in a range from about 10 nm
to about 100 nm.

The gate electrode 200, the source electrode 202, and the
drain electrode 204 are obtained by forming a transparent thin
film such as indium tin oxide (ITO), indium zinc oxide (IZ0),
or zinc oxide (ZnO) through a sputtering method, a vacuum
deposition method, an ion plating method, or the like. The
thickness of the electrode is, for example, in a range from
about 50 nm to about 200 nm.

The gate insulating film 201 is obtained by forming a
transparent insulating thin film such as Si0, or A1,O; through
a sputtering method, a CVD method, a vacuum deposition
method, an ion plating method, or the like. The thickness of
the gate oxide film is, for example, in a range from about 10
nm to about 1 pm.

In the embodiment, even in the case where the thin film
transistor B including an active layer 203 containing a non-
metallic element which is a mixture of oxygen (O) and nitro-
gen (N) and has a ratio of N to O (N number density/O number
density) from 0 to 2 is formed at a temperature of 200° C. or
less, the performance is equivalent to or higher than perfor-
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mance of a thin film transistor using amorphous silicon
formed on a glass substrate at 200° C. or more. The embodi-
ment is very appropriate for the case where the thin film
transistor is formed on a plastic substrate of which the heat
resistant temperature is lower than that of a glass substrate.
On the other hand, the organic EL device A is a self light-
emitting device made of a totally solid state material and has
no dependency of a viewing angle, and the organic EL device
A is very appropriate for a device of a flexible display formed
ona plastic substrate. In addition, it is possible to easily obtain
athin film transistor having a high field effect mobility, so that
the thin film transistor is very appropriate for a large-screen,
high-accuracy display using an organic EL device which is a
current-driven device.

Inaddition, the range from Oto 2 of the ratio of nitrogen (N)
to oxygen (O) (N number density/O number density) is deter-
mined based on the band gap and the balance of atomic
numbers as described above in “the ratio of nitrogen (N) to
oxygen (O) (N number density/O number density) is in a
range from 0 to 2”. If the value is zero (there is no nitrogen),
the band gap of the active layer 7 is too narrow according to
the quantity of oxygen, the active layer has metallic proper-
ties, so that the thin film transistor B is always in the ON state.
On the contrary, if the value is more than 2 (oxygen is insuf-
ficient and nitrogen is overabundant), the band gap of the
active layer 7 is too wide, the active layer has insulation
properties, so that the thin film transistor B is always in the
OFF state. In any cases, there are problems in terms of TFT
characteristics.

A short-side length of a display screen of the organic EL
display according to the embodiment is 465 mm or more. In
a large-screen, high-accuracy organic EL display, low-tem-
perature P-Si TFTs can be adopted. However, with respect to
the size of a display screen using the low-temperature P-Si
TFTs, a laser annealing apparatus which is an expensive
manufacturing apparatus is needed, and due to the limitation
of the size of the laser annealing apparatus, if the short-side
length is not 465 mm or less, mass production may not be
made. However, in the embodiment, due to the thin film
transistors, it is possible to manufacture a manufacturing
apparatus for the display screen having a short-side length of
465 mm or more with a relatively low production cost.

In addition, the thin film transistor B is transparent; a
portion of the organic EL, device A is two-dimensionally
continuously formed through an insulating planarizing layer
300 which is a transparent insulating layer on the thin film
transistor B; and a lower electrode 301 of the organic EL
device A is transparent. Since transparent materials are used
for the thin film transistor B, the insulating planarizing layer
300 as an insulating material, and the lower electrode 301 of
the organic EL device A, although a large-size thin film tran-
sistor B 1s used, the light emission of the organic EL device A
can be used for display without blocking thereof. Accord-
ingly, an aperture ratio of the display can be increased, and
light use efficiency can be improved, so that the embodiment
is appropriate for saving energy.

In addition, the upper electrode 305 of the organic EL
device A 1s a light-reflective electrode. Since the upper elec-
trode 305 of the organic EL. device A is configured with a
light-reflective electrode, among the light generated from the
organic EL device A, the light propagating toward the upper
side in the opposite direction of the display side is also
reflected toward the display-side direction by the upper elec-
trode 305, so that the light can be effectively used for display.
Accordingly, there is an advantage in that the light use effi-
ciency of the organic EL device A can be improved.
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In addition, the thin film transistor B includes a cohesive
layer or an adhesive layer at a side of the gas barrier layer
101a. The cohesive layer or the adhesive layer is provided to
the side of the gas barrier layer 101a of the plastic substrate
100, so that the separately-produced thin film transistor B can
be attached to be fixed on the plastic substrate 100 by using
the cohesive layer or the adhesive layer. In addition, a roll-to-
roll method where extracting from the rolled state and wind-
ing to the rolled state are performed can be used during the
manufacturing. Therefore, even in the case where there is no
equipment for forming a thin film transistor B on a long
substrate, there is an advantage in that a thin film transistor
substrate manufactured separately in a sheet shape can be
used.

In addition, the thin film transistor B is directly formed on
the plastic substrate 101. In the embodiment, at the side of the
gas barrier layer 101a of the plastic substrate 100, the thin film
transistor B is directly formed on the plastic substrate 101,
and the substrate is flexible. Therefore, the substrate is very
appropriate for a flexible display. In addition, in the case
where the display is an organic EL display, the organic EL
device is atotally-solid-state device and has no dependency of
aviewing angle, and the organic EL device is very appropriate
for a flexible display.

In addition, as illustrated in FIG. 1B, the thin film transistor
B includes a glass substrate 600. In the embodiment, with
respect to a thin film transistor which requires a high-tem-
perature process so that the thin film transistor may not be
directly formed on the plastic substrate 101, there is an advan-
tage in that, after the thin film transistor is separately pro-
duced on the glass substrate 600, the thin film transistor can
be used in the state where the thin film transistor is attached on
the plastic substrate 101 by using a cohesive layer or an
adhesive layer. In this case, if the thickness of the glass
substrate 600 is reduced by etching using hydrogen fluoride
water or the like or by polishing using a polishing agent, it is
possible to effectively reduce the thickness of the device.

Second Embodiment

FIG. 2 is a schematic cross-sectional diagram illustrating
an organic EL display according to a second embodiment. In
the organic EL display according to the second embodiment,
the same components as those of the first embodiment are
denoted by the same reference numerals, and the description
thereof will not be made. In the second embodiment, the
organic EL device A includes a red light emitting layer 303,
a green light emitting layer 303g, and a blue light emitting
layer 3035. The lower electrode 301 which is a positive elec-
trode of organic EL device A is divided corresponding to the
red light emitting layer 3037, the green light emitting layer
303g, and the blue light emitting layer 3035, and the thin film
transistor B are arranged. The lower electrode 301 is electri-
cally connected through a connection portion 205 to the drain
electrode 204 of the thin film transistor B.

In the embodiment, the organic EL device A includes lay-
ers of emitting at least three primary colors of red (R), green
(G), and blue (B). In the case where full-color display is
performed by an organic EL display, a configuration for emit-
ting light of at least three primary colors of red (R), green (G),
and blue (B) is needed. In this case, since the emitted light of
the organic EL device A is directly used as it is, in the full-
color display method, the highest light use efficiency is pre-
ferred, and a configuration for emitting light of four colors or
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six colors including white (W), yellow (Y), cyan (C), and the
like in addition to RGB may be used.

Third Embodiment

FIG. 3 is a schematic cross-sectional diagram illustrating
an organic EL display according to a third embodiment. In the
organic EL display according to the third embodiment, the
same components as those of the first and second embodi-
ments are denoted by the same reference numerals, and the
description thereof is omitted. In the third embodiments, the
organic EL device A includes a white light emitting layer
303w, and further includes a color filter layer 4007 which
transmits red light, a color filter layer 400g which transmits
green light, a color filter layer 4005 which transmits blue
light, and black matrix layer 4005k which divides pixels.

In the embodiment, the organic EL device A includes at
least a white light emitting layer and a color filter layer.
Without emitting light of three primary colors or light of four
colors to six colors, full color can be displayed by using a
white light emitting layer and a color filter layer. In this case,
since only a single white light emitting layer may be formed
as the light emitting layer, there is no need to form separate
light emitting layers for different colors of the emitted light.
Therefore, the number of processes can be reduced, and the
manufacturing apparatus is more simplified, so that it is pos-
sible to obtain the effective in that the manufacturing can be
performed with a more inexpensive apparatus. Similarly to a
color liquid crystal panel, the full color display is performed
by allowing the light from the white light emitting layer to
transmit through the color filter layer.

In addition, in the embodiments of FIGS. 1, 2, and 3, the
configuration of the organic EL device A is a basic configu-
ration. The configuration of the organic EL device used in the
present invention is not particularly limited to those illus-
trated in FIGS. 1, 2, and 3, but a well-known organic EL
device in the related art may be used as it is.

(Driving of Organic EL Display)

Next, driving in the embodiments of FIGS. 1, 2, and 3 will
be described. FIG. 4 is a circuit diagram illustrating pixels of
the organic EL display according to the present invention, of
which the driving method is an active matrix driving method
using thin film transistors.

A pixel circuit of the organic EL display according to the
embodiment includes a scan line 400, a signal line 401, a
power supply line 402, a switching transistor 403, a holding
capacitance 404, a driving transistor 405, and an organic EL
device 406.

A gate electrode and a drain electrode of the switching
transistor 403 are connected to the scan line 400 and the signal
line 401, respectively. A gate electrode of the driving transis-
tor 405 is connected to a drain electrode of the switching
transistor 403, a source electrode thereof is connected to the
power supply line 402, and a drain electrode thereof is con-
nected to a lower electrode which is a positive electrode of the
organic EL device 406. An upper electrode which is a nega-
tive electrode of the organic EL, device 406 is grounded. A
holding capacitance 404 is connected between the gate and
drain electrodes of the driving transistor 405.

In the embodiment, if a scan signal voltage is applied to the
scan line 400, the switching transistor 403 is turned ON, and
according to a signal voltage applied from the signal line 401,
the holding capacitance 404 is electrically charged, and the
driving transistor 405 is turned ON. Therefore, a current
corresponding to a conductivity of the driving transistor 405
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defined by a voltage of the holding capacitance 404 flows
from the power supply line 402 into the organic EL device
406, so that light is emitted.

In addition, the pixel circuit of the organic EL display
illustrated in FIG. 4 is a basic example. The pixel circuit
according to the present invention is not particularly limited
to that illustrated in FIG. 4, but a well-known circuit in the
related art may be used as it is.

Next, embodiments of a method of manufacturing an
organic EL display will be described.

Manufacturing of Organic EL Display
First Embodiment

FIG. 5is aprocess flowchart illustrating a method of manu-
facturing an organic EL display. The method according to the
embodiment includes a gas barrier layer forming process S1,
a thin film transistor forming process S2, and organic EL
device portion forming process S3. In the gas barrier layer
forming process S1, gas barrier layers 101a and 1015 are
formed on a transparent plastic substrate 100 which has a
shape of a long roll.

In the thin film transistor forming process S2, an active
layer 203 containing a non-metallic element which is a mix-
ture of oxygen (O) and nitrogen (N) and has a ratio of N to O
(N number density/O number density) from 0 to 2 is formed
on the gas barrier layer 101a through a sputtering method.

In the organic EL device portion forming process S3, a
lower electrode 301 which is a positive electrode of the
organic EL device A, a hole transport layer 302, a light emit-
ting layer 303, an electron transport layer 304, and an upper
electrode 305 which is a negative electrode of the organic EL
device A are formed, and at least a lower electrode 301, an
organic layer including at least a light emitting layer 303, and
an upper electrode 305 are formed on the transparent plastic
substrate.

The substrate 100 may formed by using a transparent resin
film, and the type thereof is not particularly limited. As an
appropriate example of the plastic film, there are polycarbon-
ate, a polysulfone-based resin, an olefin-based resin, a cyclic
polyolefin-based resin, and the like. The thickness of the
plastic film substrate 3a is, for example, in a range from about
50 to about 200 um.

The planarizing layer 300 is formed by using a photosen-
sitive transparent resin through a spin coating method, a slit
coating method, an inkjet method, or the like. The thickness
of the planarizing layer is, for example, in a range from about
100 nm to about 2 pm.

With respect to the connection portion 205, an opening
portion is prepared through a photolithography method or the
like during the formation of a planarizing layer 300, and the
connection portion 205 is formed simultaneously when the
lower electrode 301 of the organic EL device 1s formed.

The lower electrode 301 which is a positive electrode of the
organic EL device is obtained by forming a transparent thin
film such as indium tin oxide (ITO), indium zinc oxide (IZO),
or zinc oxide (ZnO) through a sputtering method, a vacuum
deposition method, an ion plating method, or the like. Par-
ticularly, it is preferable that ITO be used in terms of high
transparency, high conductivity, and the like. The thickness of
the electrode is, for example, in a range from about 50 nm to
about 200 nm.

With respect to the hole transport layer 302, the light emit-
ting layer 303, and the electron transport layer 304, materials
for an organic EL device in the related art can be used.
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The upper electrode 305 is obtained by forming lithium
fluoride (LiF) having a thickness of 5 nm to 20 nm and
aluminum (Al) having a thickness of 50 nm to 200 nm
through a vacuum deposition method.

In the embodiment, the configuration of the organic layer
of the organic EL device includes a hole transport layer, a
light emitting layer, and an electron transport layer. However,
in addition to the above components, the configuration may
selectively include a hole injection layer, an electron transport
layer, a hole blocking layer, an electron blocking layer, or the
like of an organic layer in the related art.

In addition, with respect to the method of forming the
organic layer, a vacuum deposition method, a plating method,
or the like may be appropriately used according to a material
used and a configuration of lamination.

In the embodiment, an active layer 203 is formed by a
sputter apparatus illustrated in FIGS. 6 and 7. The sputter
apparatus 21 includes roll-winding mechanisms 22a and 225,
an extracting mechanism 23, a winding mechanism 24, a
position-alignment mechanism 25, and metal targets 26a and
264 and is provided with a vacuum chamber 27 which accom-
modates the aforementioned all components. The vacuum
chamber 27 includes opening/closing doors 27a and 275 at
the sides of the roll-winding mechanisms 22a and 225. The
opening/closing door 27ais opened and closed so as to set the
roll-shaped film substrate P, and the opening/closing door 275
is opened and closed so as to draw out the roll-shaped film
substrate P where the active layer 203 is installed.

With respect to the roll-shaped film substrate P, barrier
layers 101a and 1015 are formed on both surfaces of the
plastic substrate 101, and as illustrated in FIG. 7, the roll-
shaped film substrate P includes a position-alignment pattern
A.

With respect to the roll-winding mechanism 22a, the roll-
shaped film substrate P is mounted around the rotation shaft
2241, and the rotation shaft 2241 is rotated by extracting of
the roll-shaped film substrate P. With respect to the roll-
winding mechanism 225, the roll-shaped film substrate P is
mounted around the rotation shaft 2241, and the rotation shaft
22b1 is rotated by winding of the roll-shaped film substrate P.

The extracting mechanism 23 includes a pair of extracting
rollers 23a. When the pair of the extracting rollers 23a are
rotated, the roll-shaped film substrate P is extracted from the
one end thereof in the longitudinal direction.

The winding mechanism 24 includes a pair of winding
rollers 245. When the pair of the winding rollers 245 are
rotated, the roll-shaped film substrate P is wound from the one
end thereof in the longitudinal direction.

The position-alignment mechanism 25 includes a detec-
tion sensor 254, a controller 25, and a roller driving unit 25¢.
The detection sensor 25a detects the position-alignment pat-
tern A of the roll-shaped film substrate P, and detection infor-
mation is transmitted to the controller 255. The controller 2556
controls the extracting mechanism 23 and the winding
mechanism 24 through the roller driving unit 25¢, so that
plane position alignment of the roll-shaped film substrate P is
performed.

The vacuum chamber 27 is allowed to be in a vacuum state
by driving a vacuum pump 28. A gas introduction mechanism
29 is installed in the vacuum chamber 27. The gas introduc-
tion mechanism 29 allows an atmosphere gas containing a
non-metallic element to be introduced into the vacuum cham-
ber 27.

The metal targets 26a and 265 face a semiconductor form-
ing surface of the roll-shaped film substrate P and are
arranged at the positions in a straight line shape along the
longitudinal direction of the roll-shaped film substrate P.
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The metal target 26a is a target of a metal element, and the
metal target 264 is a target of a metalloid element.

With respect to the metal targets 26a and 26b, the sputter
apparatus 21 uses a mixture of a plurality of elements con-
taining at least one of non-metallic elements, one of metal
elements, and one of metalloid elements as a single target.
However, an integrated target of the metal targets 26a and 265
may be used.

In this manner, the sputter apparatus 21 introduces the
atmosphere gas containing the non-metallic elements into the
vacuum chamber 27 by using the gas introduction mechanism
29. A plurality of metal targets containing metal elements or
metalloid elements of the metal targets 26a and 265 or a
mixture thereof are disposed in the vacuum chamber 27. If a
high voltage is applied to the metal targets 26a and 265
through electrodes, elements fly out from the surface of the
metal target. The atmosphere gas containing the non-metallic
elements introduced into the vacuum chamber 27 reacts with
the flying-out metal, so that the active layer 203 can be formed
on the roll-shaped film substrate P.

In the case of foaming the active layer 203, the roll-shaped
film substrate P is maintained at the room temperature pat-
ticularly without heating or cooling (however, it is considered
that an increase in temperature naturally occurs by several
tens © C. due to high voltage applied to the metal targets 26a
and 264 or reaction with flying-out elements). In addition,
during the layer formation, an internal pressure of the vacuum
chamber 27 is about 0.5 Pa, and a partial pressure of an
atmosphere gas supplied from the gas introduction mecha-
nism 29 is about 0.005 Pa. The layer formation power for
applying a high voltage to the metal target is about 2 W/cm®.

The sputter apparatus 21 can form the active layer 203 by
a low-temperature process and can implement low process
cost. In addition, it is possible to manufacture a thin film
transistor B where the active layer 203 having a relatively
high field effect mobility can be implemented and the prop-
erties are stabilized with respect to light and heat.

In addition, it is possible to manufacture a thin film tran-
sistor B where the band gap of the active layer 203 can be
freely controlled, and the field effect mobility can be
increased.

In addition, the sputter apparatus 21 includes a vacuum
chamber 27 which accommodates all the mechanism in the
inner portion thereof, and extracting from the rolled state and
winding to the rolled state are performed during the manu-
facturing, so that a low-cost process can be implemented.

In addition, the sputter apparatus 21 introduces an atmo-
sphere gas containing non-metallic elements into the vacuum
chamber 27 and includes a plurality of metal targets 26a and
265 containing metal elements, metalloid elements, or a mix-
ture thereof. The metal targets 26a and 26 are arranged at the
positions in a straight line shape along the longitudinal direc-
tion of the roll-shaped film substrate P, so that an active layer
203 having uniform properties can be formed in the roll-
shaped film substrate P.

In addition, the sputter apparatus 21 uses a mixture of a
plurality of elements containing at least one of non-metallic
elements, one of metal elements, and one of metalloid ele-
ments as a single target, so that the properties of the active
layer 203 become more uniform and the cost of the sputtering
process can be reduced.

In this manner, if the thin film transistor B is directly
formed on the plastic substrate P, since the substrate is flex-
ible, the substrate is very appropriate for a flexible display. In
addition, in the case where the display is an organic EL
display, the organic EL device is a totally-solid-state device
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and has no dependency of a viewing angle, and the organic EL
device 1s appropriate for a flexible display.

In addition, a short-side length of a display screen of the
organic EL display C is 465 mm or more. In a large-screen,
high-accuracy organic EL display, low-temperature P-Si
TFTs can be adopted. However, with respect to the size of a
display screen using the low-temperature P-Si TFTs, a laser
annealing apparatus which is an expensive manufacturing
apparatus is needed, and due to the limitation of the size ofthe
laser annealing apparatus, if the short-side length is not 465
mm or less, mass production cannot be made. However, using
the thin film transistors B, it is possible to manufacture a
manufacturing apparatus for the display screen having a
short-side length of 465 mm or more with a relatively low
production cost.

In addition, in the thin film transistor forming process S2,
the thin film transistor B is transparent, a portion of the
organic EL device A is two-dimensionally and continuously
formed through an insulating planarizing layer 300 whichisa
transparent insulating layer on the thin film transistor B, and
a lower electrode 301 of the organic EL device A is transpar-
ent. Since the transparent thin film transistor B, the insulating
planarizing layer 300 as an insulating material, and the lower
electrode 301 of the organic EL device A are used, although a
large-size thin film transistor B is used, the light emission of
the organic EL device A can be used for display without
blocking thereof. Accordingly, an aperture ratio of the display
can be increased, and light use efficiency can be improved, so
that the embodiment is appropriate for saving energy.

In addition, in the thin film transistor forming process S2,
the thin film transistor B is directly formed on the plastic
substrate P. In the embodiment, since the substrate is flexible,
the substrate is very appropriate for a flexible display. In
addition, in the case where the display is an organic EL
display, the organic EL device is a totally-solid-state device
and has no dependency of a viewing angle, and the organic EL
device is appropriate for a flexible display.

In addition, in the thin film transistor forming process S2,
the thin film transistor B includes a glass substrate 600. With
respect to a thin film transistor which requires a high-tem-
perature process so that the thin film transistor cannot be
directly formed on the plastic substrate P, there is an advan-
tage in that, after the thin film transistor is separately pro-
duced on the glass substrate 600, the thin film transistor can
beused in the state where the thin film transistor is attached on
the plastic substrate P by using a cohesive layer or an adhesive
layer. In this case, if the thickness of the glass substrate 600 is
reduced through etching using hydrogen fluoride water or the
like or through polishing using a polishing agent, it is effec-
tive in reducing the thickness of the device.

Second Embodiment

Although the configuration of the second embodiment is
similar to that of the first embodiment, the organic EL device
portion forming process S3 includes a process of forming
layers of emitting light of at least three primary colors of red
(R), green (G), and blue (B) in the organic EL. device A. In the
case where full-color display is performed by an organic EL
display C, a configuration for emitting light of at least three
primary colors of red (R), green (G), and blue (B) is needed.
In this case, since the emitted light of the organic EL device A
is directly used as it is, the light use efficiency is the highest
among full-color display methods, which is preferable. A
configuration for emitting light of four colors or six colors
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including white (W), yellow (Y), cyan (C), and the like in
addition to RGB may be used.

Third Embodiment

Although the configuration of the third embodiment is
similar to that of the first embodiment, the organic EL device
portion forming process S3 includes a process of forming at
least a white light emitting layer and a color filter layer in the
organic EL device A. Instead of emitting light of three pri-
mary colors or light of four colors to six colors, full color
display can be made by using a white light emitting layer and
acolor filter layer. In this case, since only a single white light
emitting layer may be formed as the light emitting layer, there
is no need to form separate light emitting layers for different
colors of the emitted light. Therefore, the number of pro-
cesses can be reduced, and the manufacturing apparatus is
more simplified, so that it is effective in that the manufactur-
ing can be performed with a more inexpensive apparatus.
Similarly to a color liquid crystal panel, the full color display
is performed by allowing the light from the white light emit-
ting layer to transmit through the color filter layer.

The present invention can be particularly applied to an
organic EL display which is configured by using a plastic
substrate and is driven by a thin film transistor including an
active layer containing non-metallic elements and a method
of manufacturing the organic EL display, and it is possible to
manufacture a large-size, high-accuracy organic EL display
using a plastic substrate and an organic EL display using a
roll-shaped long plastic substrate.

What is claimed is:

1. An organic EL display which includes an organic EL
device having at least a lower electrode, an organic layer
including at least alight emitting layer, and an upper electrode
and a thin film transistor on a transparent plastic substrate,

wherein a source electrode or a drain electrode of the thin

film transistor is connected to the lower electrode,
wherein the plastic substrate has a gas barrier layer,
wherein the thin film transistor is formed on the gas barrier
layer,
wherein the thin film transistor includes an active layer
containing a non-metallic element which is a mixture of
oxygen and nitrogen and has a ratio of nitrogen number
density to oxygen number density of from 0 to 2, and

wherein the organic EL device is formed at least on the gas
barrier layer or on the thin film transistor.

2. The organic EL display according to claim 1, wherein a
short-side length of a display screen of the organic EL display
is 465 mm or more.

3. The organic EL display according to claim 1, wherein
the organic EL device includes layers of emitting at least three
primary colors of red, green, and blue.

4. The organic EL display according to claim 1, wherein
the organic EL device includes at least a white light emitting
layer and a color filter layer.
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5. The organic EL display according to claim 1,
wherein the thin film transistor is transparent,
wherein a portion of the organic EL device is two-dimen-
sionally and continuously formed through a transparent
insulating layer on the thin film transistor, and

wherein the lower electrode of the organic EL device is
transparent.

6. The organic EL display according to claim 1, wherein
the upper electrode of the organic EL device is a light-reflec-
tive electrode.

7. The organic EL display according to claim 1, wherein
the thin film transistor includes a cohesive layer or an ache-
sive layer at a side of the gas barrier layer.

8. The organic EL display according to claim 7, wherein
the thin film transistor includes a glass substrate.

9. The organic EL display according to claim 1, wherein
the thin film transistor is directly formed on the plastic sub-
strate.

10. A method of manufacturing the organic EL display
according to claim 1, comprising at least:

forming an organic EL device portion by forming at leasta

lower electrode, an organic layer including at least a
light emitting layer, and an upper electrode on a trans-
parent plastic substrate;

forming a gas barrier layer on the transparent plastic sub-

strate which has a shape of a long roll;
forming a thin film transistor by forming an active layer
containing a non-metallic element which is a mixture of
oxygen and nitrogen and has a ratio of nitrogen number
density to oxygen number density of from 0 to 2 on the
gas barrier layer through a sputtering method; and

forming the organic EL device at least on the gas barrier
layer or on the thin film transistor.
11. The method according to claim 10, wherein a short-side
length of a display screen of the organic EL display is 465 mm
or more.
12. The method according to claim 10, further comprising
a step of forming layers of emitting at least three primary
colors of red, green, and blue in the organic EL device.
13. The method according to claim 10, further comprising
a step of forming at least a white light emitting layer and a
color filter layer in the organic EL device.
14. The method according to claim 10,
wherein the thin film transistor is transparent,
wherein a portion of the organic EL device is two-dimen-
sionally and continuously formed through a transparent
insulating layer on the thin film transistor, and

wherein the electrode of the organic EL device is transpar-
ent.

15. The method according to claim 10, wherein the thin
film transistor is formed by being transferred to the plastic
substrate through a cohesive layer or an adhesive layer, after
the thin film transistor is formed on a glass substrate in
advance and a portion or the entire of the glass substrate is
removed.

16. The method according to claim 10, wherein the thin
film transistor is directly formed on the plastic substrate.
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