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(54) Display device

(57)  According to one embodiment, a display device
(110, 112, 210) includes a substrate (10), a thin film tran-
sistor (12), a pixel electrode (16), an organic light emitting
layer (18), a common electrode (20), and a sealing unit
(22). The thin film transistor (12) is provided on the sub-
strate (10). The thin film transistor (12) includes a gate
electrode (33), a gate insulating film (34), a semiconduc-
tor film (35), a first conducting portion (31), and a second
conducting portion (32). The pixel electrode (16) is elec-
trically connected to one of the first conducting portion
(31) and the second conducting portion (32). The organic
light emitting layer (18) is provided on the pixel electrode
(16). The common electrode (20) is provided on the or-
ganic light emitting layer (18). The sealing unit (22) is
provided on the common electrode (20). The sealing unit
(22) includes afirst sealing film (51) and a second sealing
film (52). A refractive index of the second sealing film
(52) is different from a refractive index of the first sealing
film (51).
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Description
FIELD
[0001] Embodiments described herein relate generally

to a display device.
BACKGROUND

[0002] Thereis an active matrix display device in which
a switching element such as a thin film transistor controls
a current passing through an organic EL (Electro-Lumi-
nescent) device. It is desired to improve image quality in
this display device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003]

FIG. 1is a schematic cross-sectional view illustrating
the configuration of a display device according to a
first embodiment;

FIG. 2A and FIG. 2B are graphs illustrating the char-
acteristics of a display device according to a refer-
ence sample;

FIG. 3A and FIG. 3B are graphs illustrating the char-
acteristics of the display device according to the first
embodiment;

FIG. 4 is a graph illustrating the characteristics of a
hydrogen concentration of a sealing unit;

FIG. 5A to FIG. 5F are schematic cross-sectional
views illustrating a method for manufacturing the dis-
play device according to the first embodiment;

FIG. 6 is a flowchart illustrating a method for manu-
facturing the display device according to the firstem-
bodiment;

FIG. 7 is a schematic cross-sectional view illustrating
the configuration of another display device according
to the first embodiment;

FIG. 8 is a schematic view illustrating the configura-
tion of a display device according to a second em-
bodiment;

FIG. 9A and FIG. 9B are graphs illustrating the char-
acteristics of the display device according to the sec-
ond embodiment; and

FIG. 10A to FIG. 10C are schematic cross-sectional
views illustrating a method for manufacturing the dis-
play device according to the second embodiment.

DETAILED DESCRIPTION

[0004] According to one embodiment, a display device
includes a substrate, a thin film transistor, a pixel elec-
trode, an organic light emitting layer, a common elec-
trode, and a sealing unit. The thin film transistor is pro-
vided on the substrate. The thin film transistor includes
a gate electrode, a gate insulating film, a semiconductor
film, a first conducting portion, and a second conducting
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portion. The gate electrode is provided on the substrate.
The gate insulating film is provided on the gate electrode.
The semiconductor film is provided on the gate insulating
film. The first conducting portion is electrically connected
to the semiconductor film. The second conducting portion
is electrically connected to the semiconductor film. The
second conducting portion is provided apart from the first
conducting portion. The pixel electrode is electrically con-
nected to one of the first conducting portion and the sec-
ond conducting portion. The organic light emitting layer
is provided on the pixel electrode. The common electrode
is provided on the organic light emitting layer. The sealing
unit is provided on the common electrode. The sealing
unitincludes a first sealing film and a second sealing film.
The first sealing film has a hydrogen concentration of
1020 atoms/cm3 or less. The second sealing film is
stacked on the first sealing film. The second sealing film
has a hydrogen concentration of 1020 atoms/cm3 or less.
A refractive index of the second sealing film is different
from a refractive index of the first sealing film.

[0005] Various embodiments will be described herein-
after with reference to the accompanying drawings.
[0006] It is noted that the drawings are schematic or
conceptual. The relationship between the thicknesses
and widths of portions, a ratio of size between portions,
or the like are not necessarily the same as real ones.
Moreover, even in the case of expressing the same por-
tions, dimensions and ratios between the portions are
sometimes expressed differently depending on the draw-
ings.

[0007] In the specification and drawings, components
similar to those described or illustrated in a drawing
thereinabove are marked with the identical reference nu-
merals, and a detailed description is omitted as appro-
priate.

First Embodiment

[0008] FIG. 1isaschematic cross-sectional view illus-
trating the configuration of a display device according to
a first embodiment.

[0009] As shown in FIG. 1, a display device 110 ac-
cording to the embodiment includes a substrate 10, a
thin film transistor 12, a pixel electrode 16, an organic
light emitting layer 18, a common electrode 20, and a
sealing unit 22.

[0010] The pixel electrode 16, the organic light emitting
layer 18, and the common electrode 20 form an organic
EL light emitting element portion 24. The light emitting
element portion 24 is controlled and driven by the thin
film transistor 12. In the display device 110, the combi-
nations of the switching elements 12 and the light emitting
element portions 24 are disposed in a matrix configura-
tion. The drive of the switching elements 12 and the light
emission of the light emitting element portions 24 in as-
sociation with the drive are controlled to display pictures.
The display device 110 is an active matrix display device
using an organic EL device.
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[0011] The substrate 10 has a major surface 10a. The
substrate 10 includes a main body portion 4 and a barrier
layer5. Alight transmissive material, forexample, is used
for the main body portion 4. A glass material or a resin
material, for example, is used for the main body portion
4. A light transmissive and flexible material can be used
for the main body portion 4. A resin material such as
polyimide, for example, is used for the main body portion
4. The barrier layer 5 suppresses the penetration of im-
purities and moisture through the main body portion 4,
for example, and protects the thin film transistor 12 and
the light emitting element portion 24 provided on the sub-
strate 10. A light transmissive and flexible material, for
example, is used for the barrier layer 5.

[0012] The thin film transistor 12 is provided on the
major surface 10a of the substrate 10.

[0013] The thin film transistor 12 includes a first con-
ducting portion 31, a second conducting portion 32, a
gate electrode 33, a gate insulating film 34, a semicon-
ductor film 35, and a channel protection film 36.

[0014] The gate electrode 33 is provided on the major
surface 10a of the substrate 10. A high melting point met-
al such as molybdenum tungsten (MoW), molybdenum
tantalum (MoTa), and tungsten (W), for example, is used
for the gate electrode 33.

[0015] The gate insulating film 34 is provided on the
gate electrode 33. In this example, the gate insulating
film 34 is provided on throughout the major surface 10a
so as to cover the gate electrode 33. An insulative and
light transmissive material, for example, is used for the
gate insulating film 34. One of a silicon oxide film, a silicon
nitride film, and a silicon oxynitride film, for example, is
used for the gate insulating film 34.

[0016] The semiconductor film 35 is provided on the
gate insulating film 34. The gate insulating film 34 is pro-
vided between the gate electrode 33 and the semicon-
ductor film 35, and insulates the gate electrode 33 from
the semiconductor film 35. An amorphous oxide semi-
conductor containing at least one of In, Ga, and Zn, for
example, is used for the semiconductor film 35. Namely,
one of an In-Ga-Zn-O oxide semiconductor, an In-Ga-O
oxide semiconductor, and an In-Zn-O oxide semiconduc-
tor, for example, is used for the semiconductor film 35.
The thickness of the semiconductor film 35 (a distance
along a Z-axis direction) is about 30 nm. Thereby, the
electric characteristics of the semiconductor film 35 can
be improved, for example. More specifically, the thick-
ness of the semiconductor film 35 is 5 nm or more and
50 nm or less, for example.

[0017] Inthe semiconductor film 35 including an amor-
phous oxide semiconductor, a diffraction pattern or the
like showing crystallinity is not observed even though the
semiconductor film 35 is observed using a transmission
electron microscope (TEM) or X-ray diffraction (XRD) to-
pography, for example. The film and shape of the semi-
conductor film 35 can be observed using a scanning elec-
tron microscope (SEM), TEM, or the like.

[0018] For the semiconductor film 35, such a material
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may be used that the microcrystals of the oxide semicon-
ductor are dispersed in the amorphous oxide semicon-
ductor described above.

[0019] The first conducting portion 31 is provided on
the gate insulating film 34. A part of the first conducting
portion 31 is provided on the semiconductor film 35, and
contacts the semiconductor film 35. Thus, the first con-
ducting portion 31 is electrically connected to the semi-
conductor film 35. The second conducting portion 32 is
provided on the gate insulating film 34. The second con-
ducting portion 32 is disposed apart from the first con-
ducting portion 31. A part of the second conducting por-
tion 32 is provided on the semiconductor film 35, and
contacts the semiconductor film 35. Thus, the second
conducting portion 32 is electrically connected to the
semiconductor film 35. Ti, Al, Mo, and the like, for exam-
ple, are used for the first conducting portion 31 and the
second conducting portion 32. The first conducting por-
tion 31 and the second conducting portion 32 may be a
stacked body containing at least one of Ti, Al, and Mo,
for example. The first conducting portion 31 is one of the
source electrode and drain electrode of the thin film tran-
sistor 12. The second conducting portion 32 is the other
of the source electrode and drain electrode of the thin
film transistor 12.

[0020] The channel protection film 36 is provided on
the semiconductor film 35. The channel protection film
36 protects the semiconductor film 35. A silicon oxide
film, for example, is used for the channel protection film
36.

[0021] The firstconducting portion 31 covers afirst por-
tion 36a of the channel protection film 36. The second
conducting portion 32 covers a second portion 36b of the
channel protection film 36. The first conducting portion
31 covers a first region 35a of the semiconductor film 35.
The second conducting portion 32 covers a second re-
gion 35b of the semiconductor film 35. The semiconduc-
tor film 35 has a third region 35c that is not covered with
the first conducting portion 31 and the second conducting
portion 32. The gate electrode 33 has a portion 33a be-
tween the first conducting portion 31 and the second con-
ducting portion 32 when seen in a direction vertical to a
film surface 35p of the semiconductor film 35 (hereinafter,
referred to as the Z-axis direction). Namely, the gate elec-
trode 33 opposes the third region 35¢ of the semicon-
ductor film 35 with the gate insulating film 34 sandwiched
between the gate electrode 33 and the third region 35c.
The channel protection film 36 is provided at least on the
third region 35c. Thus, a voltage is applied to the gate
electrode 33 to generate a channel through the semicon-
ductor film 35, and a current passes across the first con-
ducting portion 31 and the second conducting portion 32.
[0022] A passivation film 40 is provided between the
thin film transistor 12 and the pixel electrode 16. An in-
sulative and light transmissive material, for example, is
used for the passivation film 40. One of a silicon oxide
film, a silicon nitride film, and a silicon oxynitride film, for
example, is used for the passivation film 40.
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[0023] In this example, a color filter 44 is provided be-
tween the pixel electrode 16 and the passivation film 40.
The color filter 44 has a different color for every pixel.
The transmittance of the color filter 44 is varied depend-
ing on wavelengths. For example, one of red, green, and
blue color resin films (a color resist, for example) is used
for the color filter 44. The color filter 44 is provided as
necessary. The color filter 44 can be omitted.

[0024] The pixel electrode 16 is electrically connected
to one of the first conducting portion 31 and the second
conducting portion 32. In this example, the pixel electrode
16 is electrically connected to the first conducting portion
31 (a source, for example).

[0025] The pixel electrode 16 is provided on the color
filter 44. The pixel electrode 16 has an opposing region
16a opposing the thin film transistor 12 and a non-op-
posing region 16b not opposing the thin film transistor 12
in the Z-axis direction. An electrically conductive and light
transmissive material, for example, is used for the pixel
electrode 16. ITO (Indium Tin Oxide) or the like, for ex-
ample, is used for the pixel electrode 16. A metal oxide
such as ITO, 1ZO (In-Zn-0O), AZO (Al-Zn-0), 1IGZO (In-
Ga-Zn-0), and ZnO, for example, is used for the pixel
electrode 16. The pixel electrode 16 is also referred to
as a pixel electrode, for example.

[0026] The passivation film 40 and the color filter 44
are provided with an opening 40a (a first opening) and
an opening 44a, respectively, and a part 31p of the first
conducting portion 31 is exposed from the opening 40a
and the opening 44a. A part 16c¢ of the opposing region
16a of the pixel electrode 16 contacts the part 31p of the
first conducting portion 31 in the opening 40a and the
opening 44a. Thus, the pixel electrode 16 is electrically
connected to the first conducting portion 31.

[0027] A planarization film 42 is provided on the pixel
electrode 16 and the color filter 44. An insulative material,
for example, is used for the planarization film 42. An or-
ganic resin material, for example, is used for the planari-
zation film 42. The planarization film 42 is provided with
an opening 42a (a second opening). A part 16p of the
non-opposing region 16b of the pixel electrode 16 is ex-
posed from the opening 42a.

[0028] The organic light emitting layer 18 is provided
on the planarization film 42. The organic light emitting
layer 18 contacts the part 16p of the non-opposing region
16b of the pixel electrode 16 in the opening 42a. The
planarization film 42 prevents the opposing region 16a
from contacting the organic light emitting layer 18. A
stacked body having a hole transport layer, a light emit-
ting layer, and an electron transport layer stacked on
each other, for example, is used for the organic light emit-
ting layer 18.

[0029] The common electrode 20 is provided on the
organic light emitting layer 18. The common electrode
20 has a portion 20a extending on the semiconductor
film 35. A conductive material is used for the common
electrode 20. A metal material such as Al and MgAg, for
example, is used for the common electrode 20. The thick-

10

15

20

25

30

35

40

45

50

55

ness of the common electrode 20 is 200 nm, for example,
(100 nm or more and 300 nm or less, for example).
[0030] The light emitting element portion 24 is formed
in the non-opposing region 16b, for example. In the light
emitting element portion 24, a voltage is applied across
the pixel electrode 16 and the common electrode 20 to
emit light from the organic light emitting layer 18. The
light emitted from the organic light emitting layer 18 pass-
es through the color filter 44, the passivation film 40, the
gate insulating film 34, and the substrate 10, and goes
to the outside. The display device 110 is a lower surface
emitting display device.

[0031] The sealing unit 22 is provided on the common
electrode 20. The sealing unit 22 includes a first sealing
film 51 and a second sealing film 52. The first sealing film
51 is provided on the common electrode 20. The second
sealing film 52 is stacked on the first sealing film 51. In
this example, the second sealing film 52 is provided on
the first sealing film 51. In the sealing unit 22, the organic
light emitting layer 18 and the common electrode 20 is
covered with the first sealing film 51 and the second seal-
ing film 52. The sealing unit 22 protects the organic light
emitting layer 18 and the common electrode 20. The hy-
drogen concentration of the first sealing film 51 is 1020
atoms/cm3 or less. The hydrogen concentration of the
second sealing film 52 is 1020 atoms/cm3 or less. An
inorganic material, for example, is used for the first seal-
ing film 51 and the second sealing film 52. At least one
of silicon oxide, silicon oxynitride, silicon nitride, alumi-
num oxide (alumina), and tantalum oxide, for example,
is used for the first sealing film 51 and the second sealing
film 52.

[0032] Thefirstsealingfilm51has compressive stress,
and the second sealing film 52 has tensile stress. Alter-
natively, the first sealing film 51 has tensile stress, and
the second sealing film 52 has compressive stress.
Namely, the first sealing film 51 has one of compressive
stress and tensile stress.

The second sealing film 52 has the other of compressive
stress and tensile stress.

[0033] For example, a composition (a compound, for
example) used for the second sealing film 52 is substan-
tially the same as a composition (a compound, for exam-
ple) used for the first sealing film 51. For example, the
first sealing film 51 and the second sealing film 52 contain
substantially the same material. When using the same
composition, the refractive indexes of these films are dif-
ferent from each other if stresses applied to these films
are different.

[0034] The refractive index of the second sealing film
52 is different from the refractive index of the first sealing
film 51. For example, the refractive index of the second
sealing film 52 is lower than the refractive index of the
first sealing film 51. When the refractive index of the sec-
ond sealing film 52 is lower than the refractive index of
the first sealing film 51, the second sealing film 52 has
tensile stress, and the first sealing film 51 has compres-
sive stress. Alternatively, the refractive index of the sec-
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ond sealing film 52 is higher than the refractive index of
the first sealing film 51. When the refractive index of the
second sealing film 52 is higher than the refractive index
of the first sealing film 51, the second sealing film 52 has
compressive stress, and the first sealing film 51 has ten-
sile stress. In the following, the case will be described
where the refractive index of the second sealing film 52
is lower than the refractive index of the first sealing film
51. The first sealing film 51 and the second sealing film
52 are an oxide containing Si. When the first sealing film
51 and the second sealing film 52 are an oxide containing
Si, the refractive index of the first sealing film 51 is 1.46,
for example, and the refractive index of the second seal-
ing film 52 is 1.42, for example. The refractive indexes
of the first sealing film 51 and the second sealing film 52
can be measured by ellipsometry, for example. A differ-
ence between the refractive indexes of the first sealing
film 51 and the second sealing film 52 (a difference be-
tween compressive stress and tensile stress) can be im-
plemented by changing the film forming conditions, for
example.

[0035] The order of stacking the first sealing film 51
and the second sealing film 52 is not limited to the de-
scription recited above. Such a configuration may be pos-
sible in which the second sealing film 52 is provided on
the common electrode 20 and the first sealing film 51 is
stacked on the second sealing film 52. A plurality of com-
pressive stress films are alternately stacked on a plurality
of tensile stress films as described later.

[0036] FIG. 2A and FIG. 2B are graphs illustrating the
characteristics of a display device according to a refer-
ence sample.

[0037] FIG. 2A and FIG. 2B illustrate the characteris-
tics of the display device according to the reference sam-
ple in which a sealing film having the hydrogen concen-
tration higher than 1020atom s/cm3 is provided on a com-
mon electrode 20. The configuration of this display device
is the same as the display device 110 except the hydro-
gen concentration included in the sealing film.

[0038] The horizontal axis in FIG. 2A and FIG. 2B ex-
presses a gate voltage Vg (V) applied to the gate elec-
trode 33 of the thin film transistor 12. The vertical axis
expresses a current Id (A) passing across the first con-
ducting portion 31 and the second conducting portion 32
of the thin film transistor 12 (a current passing across the
drain and the source). FIG. 2A expresses the voltage-
current characteristics before forming the sealing film.
FIG. 2B expresses the voltage-current characteristics af-
ter forming the sealing film.

[0039] AsshowninFIG.2A, inthe initial characteristics
before forming the sealing film, excellent transistor char-
acteristics are obtained. However, as shown in FIG. 2B,
when the sealing film having the hydrogen concentration
higher than 1020 atoms/cm3 is formed, the threshold volt-
age of the thin film transistor 12 is reduced. Because of
the reduction, in the reference sample, it is difficult to
perform desired control, and the image quality of the dis-
play device is poor.
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[0040] FIG. 3A and FIG. 3B are graphs illustrating the
characteristics of the display device according to the first
embodiment.

[0041] The horizontal axis in FIG. 3A and FIG. 3B ex-
presses the gate voltage Vg, and the vertical axis ex-
presses the current Id. FIG. 3A expresses the voltage-
current characteristics before forming the sealing unit 22,
and FIG. 3B expresses the voltage-current characteris-
tics after forming the sealing unit 22.

[0042] As showninFIG.3Aand FIG. 3B, in the display
device 110 according to the embodiment, even after
forming the sealing unit 22, the fluctuation of the threshold
voltage of the thin film transistor 12 was not observed.
In the display device 110, higher image quality can be
obtained than in the conventional display device.
[0043] FIG. 4 is a graph illustrating the characteristics
of a hydrogen concentration of the sealing unit.

[0044] The horizontal axis in FIG. 4 expresses a hy-
drogen concentration Hc of the sealing unit 22. The ver-
tical axis in FIG. 4 expresses a fluctuation value Vs (volt:
V) of the threshold voltage of the thin film transistor 12
before and after forming the sealing unit 22.

[0045] As shown in FIG. 4, in the case where the con-
centration Hc is about 7 X 1019 atams/cm3, the fluctua-
tion value Vs is about +1 V. When the concentration Hc
is 1.5 X 1021 atoms/cm3, the fluctuation value Vs is about
-9V. When the concentration Hcis 0.6 X 1022 atoms/cm3,
the fluctuation value Vs is about -22 V. When the con-
centration Hc is high, the fluctuation value Vs is shifted
to the negative side, and the absolute value of the fluc-
tuation value Vs is increased. When the concentration
Hc is 1 X 1020 atoms/cm3, the fluctuation value Vs is
substantially zero.

[0046] The inventor prepared thin film transistors in
various configurations, and evaluated the fluctuation of
the threshold voltage. As a result, the inventor found that
the fluctuation of the threshold voltage is small in the
configuration in which a sealing film having a hydrogen
concentration of about 1 X 1020 atoms/cm3 or less is
used. The inventor estimated from this result that the
fluctuation of the threshold voltage of the thin film tran-
sistor 12 is caused by hydrogen contained in the sealing
unit 22.

[0047] The sealing unit 22 including the first sealing
film 51 and the second sealing film 52 having a hydrogen
concentration of 1 X 1020 atoms/cm3 or less is provided
to reduce the fluctuation of the threshold voltage of the
thin film transistor 12. Preferably, the hydrogen concen-
tration of the first sealing film 51 and the second sealing
film 52 is 7 X 10'9 atoms/cm3 or less. Thereby, the hy-
drogen concentration of the sealing film can be sup-
pressed, and the fluctuation of the threshold voltage of
the thin film transistor 12 can be suppressed, even in the
case where various conditions in the manufacturing proc-
ess steps are varied, for example.

[0048] Itwasrevealedthatatleastone ofasiliconoxide
film, a silicon oxynitride film, a silicon nitride film, alumina,
and a tantalum oxide film, which are excellent in stability,
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is used for the sealing film and the hydrogen concentra-
tion is made 1020 atoms/cm3 or less in these films to
stabilize the thin film transistor the characteristics.
[0049] A sealing film in this configuration is used to
obtain excellent characteristics. However, for example,
in the case where one layer (one type) of a sealing film
is formed as the sealing film recited above, peeling occurs
in an interface between the common electrode and the
sealing film, or an interface between the pixel electrode
and the common electrode, for example. It can be con-
sidered that this peeling is caused by a stress occurring
in the sealing film.

[0050] Compressive stress or tensile stress remains in
the sealing film depending on the process conditions in
forming the sealing film. When stress remains in the seal-
ing film, the peeling occurs in the configuration in which
a sealing film having only one stress is formed, for ex-
ample.

[0051] In the embodiment, a plurality of sealing films
are formed on purpose. It was revealed that the stress
type is varied in the sealing films to solve this problem.
As described above, a stacked structure including the
first sealing film 51 having one of compressive stress and
tensile stress and the second sealing film 52 having the
other of compressive stress and tensile stress is used as
the sealing unit 22, thereby enabling the suppression of
the adverse effect of stress occurring in the sealing unit
22 on the organic light emitting layer 18.

[0052] The stresses of the first sealing film 51 and the
second sealing film 52 can be controlled by controlling
at least one of a gas pressure, a partial pressure ratio,
input power, substrate temperature, and a distance be-
tween atarget and a substrate in forming the sealing film,
for example.

[0053] Itis considerably difficult to reduce the stress in
a single sealing film in consideration of variations in the
manufacturing conditions. On the contrary, a plurality of
sealing films having different types of stresses is used to
practically make variations smaller for facilitating the con-
trol of stress.

[0054] FIG.5AtoFIG.5F are schematic cross-section-
al views illustrating a method for manufacturing the dis-
play device according to the first embodiment.

[0055] As shown in FIG. 5A, in the manufacture of the
display device 110, the thin film transistor 12 is formed
on the major surface 10a of the substrate 10. In forming
the thin film transistor 12, the gate electrode 33 is formed
on the major surface 10a. The gate insulating film 34 is
formed on the major surface 10a and the gate electrode
33. The semiconductor film 35 is formed on the gate in-
sulating film 34. The channel protection film 36 is formed
on the semiconductor film 35. The first conducting portion
31 and the second conducting portion 32 are formed on
the gate insulating film 34, the semiconductor film 35,
and the channel protection film 36.

[0056] As shown in FIG. 5B, the passivation film 40 is
formed on the thin film transistor 12. For example, a SiO,
film to be the passivation film 40 is formed by PE-CVD
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(Plasma-Enhanced Chemical Vapor Deposition). The
opening 40a is formed in the SiO, film. Thus, the passi-
vation film 40 is obtained. The thickness of the passiva-
tion film 40 is 200 nm (100 nm or more 300n m or less),
for example.

[0057] The color filter 44 is formed on the passivation
film 40. For example, one of red, green, and blue color
resin films (a color resist, for example) is applied. The
color resin film is patterned, and the opening 44a is
formed. Thus, the colorfilter 44 is obtained. The thickness
of the color filter 44 is 2 pm, for example (1 wm or more
and 3 m or less, for example).

[0058] The pixel electrode 16 is formed on the color
filter 44. For example, an ITO film to be the pixel electrode
16 is formed by sputtering or the like, and patterned in a
predetermined shape to obtain the pixel electrode 16.
The thickness of the pixel electrode 16 is 60 nm (30 nm
or more and 200 nm or less), for example.

[0059] As shown in FIG. 5C, the planarization film 42
is formed on the pixel electrode 16 and the color filter 44.
For example, an organic resin to be the planarization film
42 is applied and patterned to obtain the planarization
film 42. The organic light emitting layer 18 is formed on
the planarization film 42 and the non-opposing region
16b of the pixel electrode 16. The organic light emitting
layer 18 is formed by vapor deposition, for example.
[0060] As showninFIG. 5D, the common electrode 20
is formed on the organic light emitting layer 18. A LiF film
is stacked on an Al film to obtain the common electrode
20, for example. Vapor deposition, for example, is used
for forming the common electrode 20.

[0061] As shown in FIG. 5E, the first sealing film 51 is
formed on the common electrode 20. At least one of a
silicon oxide film, a silicon oxynitride film, a silicon nitride
film, alumina, and a tantalum oxide film, for example, to
be the first sealing film 51 is formed by sputtering, for
example, to obtain the first sealing film 51. A gas pressure
in forming the first sealing film 51 is about a pressure of
0.5 Pa, for example, (a pressure of 0.1 Pa or more and
less than a pressure of 2.0 Pa, for example).

[0062] As shown in FIG. 5F, the second sealing film
52 is formed on the first sealing film 51. At least one of
a silicon oxide film, a silicon oxynitride film, a silicon ni-
tride film, alumina, and a tantalum oxide film, forexample,
to be the second sealing film 52 is formed by sputtering,
for example, to obtain the second sealing film 52. A gas
pressure in forming the second sealing film 52 is about
a pressure of 3.0 Pa, for example (a pressure of 2.0 Pa
or more and a pressure of 10.0 Pa or less, for example).
Thus, the sealing unit 22 is formed on the common elec-
trode 20. As described above, the display device 110 is
fabricated. As described above, a gas pressure in form-
ing the second sealing film 52 is made higher than a gas
pressure in forming the first sealing film 51, thereby en-
abling tensile stress to be generated in the second seal-
ing film 52.

[0063] FIG. 6 is a flowchart illustrating a method for
manufacturing the display device according to the first
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embodiment.

[0064] As shown in FIG. 6, the method for manufac-
turing the display device 110 includes Step S110 of form-
ing the thin film transistor 12, Step S120 of forming the
pixel electrode 16, Step S130 of forming the organic light
emitting layer 18, Step S140 of forming the common elec-
trode 20, and Step S150 of forming the sealing unit 22.
[0065] In Step S110, the process described with refer-
ence to FIG. 5A is performed, for example. In Step S120,
the process described with reference to FIG. 5B is per-
formed, for example. In Step S130, the process de-
scribed with reference to FIG. 5C is performed, for ex-
ample. In Step S140, the process described with refer-
ence to FIG. 5D is performed, for example. In Step S150,
the processes described with reference to FIG. 5E and
FIG. 5F are performed, for example.

[0066] FIG. 7 is a schematic cross-sectional view illus-
trating the configuration of another display device accord-
ing to the first embodiment.

[0067] AsshowninFIG.7,asealingunit22 of adisplay
device 112 includes a stacked film 54.

[0068] The stacked film 54 includes a plurality of first
sealing films 51 and a plurality of second sealing films
52. Thefirst sealing films 51 and the second sealing films
52 are alternately stacked on each other in the Z-axis
direction.

[0069] Also in the display device 112 including the
stacked film 54 in the sealing unit 22, the hydrogen con-
centration of the first sealing film 51 and the second seal-
ing film 52 is 1020 atomsjcm3 or less, thereby enabling
the suppression of the fluctuation of the threshold voltage
of the thin film transistor 12 to improve the image quality
of the display device 112.

[0070] The barrier properties of the sealing unit 22 to
the organic light emitting layer 18 can be enhanced by
using the stacked film 54 as the sealing unit 22. In the
stacked film 54, the balance of the compressive stress
included in the first sealing film 51 and the tensile stress
included in the second sealing film 52 is made more uni-
form. Thereby, the adverse effect of the stress included
in the sealing unit 22 on the organic light emitting layer
18 can be more appropriate suppressed.

Second Embodiment

[0071] FIG. 8 is a schematic view illustrating the con-
figuration of a display device according to a second em-
bodiment.

[0072] As shown in FIG. 8, a display device 210 in-
cludes an organic barrier layer 46 between a common
electrode 20 and a sealing unit 22. The organic barrier
layer 46 is an organic film containing at least polyparax-
ylene, for example. The configuration of the display de-
vice 210 is the same as the configuration of the display
device 110 except that the organic barrier layer 46 is
provided.

[0073] The organic barrier layer 46 protects an organic
light emitting layer 18 from oxygen plasma used when
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forming a first sealing film 51 and a second sealing film
52 that are inorganic films. Thereby, a damage on the
organic light emitting layer 18 can be suppressed. The
organic barrier layer 46 is provided to form a conformal
filmin the sealing unit22. For example, the organic barrier
layer 46 fills a defect such as a pin hole. Thereby, the
barrier performance of the sealing unit 22 and the organic
barrier layer 46 can be improved. The coverage of the
organic barrier layer 46 can be made higher than the
coverage of the first sealing film 51 and the second seal-
ing film 52. Thereby, a much higher barrier performance
can be obtained.

[0074] FIG. 9A and FIG. 9B are graphs illustrating the
characteristics of the display device according to the sec-
ond embodiment.

[0075] The horizontal axis in FIG. 9A and FIG. 9B ex-
presses the gate voltage Vg, and the vertical axis ex-
presses the current Id. FIG. 9A and FIG. 9B express the
voltage-current characteristics before and after forming
the sealing unit 22 and the organic barrier layer 46, re-
spectively.

[0076] FIG.9A and asshownin FIG. 9B, in the display
device 210 according to the embodiment, fluctuations
are not observed in the threshold voltage of a thin film
transistor 12 after forming the sealing unit 22 and the
organic barrier layer 46. As described above, also in the
display device 210 provided with the organic barrier layer
46, the fluctuation of the threshold voltage of the thin film
transistor 12 can be suppressed, and the image quality
can be improved.

[0077] FIG. 10Ato FIG. 10C are schematic cross-sec-
tional views illustrating a method for manufacturing the
display device according to the second embodiment.
[0078] Inthe method for manufacturing the display de-
vice 210, since the procedures from the start to forming
the common electrode 20 are substantially the same as
the procedures of the display device 110, a description
is omitted

[0079] As shown in FIG. 10A, the organic barrier layer
46 is formed on the common electrode 20. The organic
barrier layer 46 is formed by thermal CVD (Chemical Va-
por Deposition), for example.

[0080] As shown in FIG. 10B, the first sealing film 51
is formed on the organic barrier layer 46. As described
inthe display device 110, thefirst sealing film 51 is formed
by sputtering. A gas pressure in forming the first sealing
film 51 is about a pressure of 0.5 Pa, for example (a
pressure of 0.1 Pa or more and less than a pressure of
2.0 Pa, for example).

[0081] As shown in FIG. 10C, the second sealing film
52 is formed on the first sealing film 51. As described in
the display device 110, the second sealing film 52 is
formed by sputtering. A gas pressure in forming the sec-
ond sealing film 52 is about a pressure of 3.0 Pa (a pres-
sure of 2.0 Pa or more and less than a pressure of 10.0
Pa, for example). Thus, the sealing unit 22 is formed on
the organic barrier layer 46. As described above, the dis-
play device 210 is fabricated.
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[0082] In the description recited above in the embodi-
ment, the lower surface emitting display device is de-
scribed. However, in the embodiment, the display device
may be a top surface emission type.

[0083] According to the embodiment, a display device
with a high image quality can be provided.

[0084] In the specification of the application, a state in
which "a component is provided on another component"
includes a state in which a component s directly provided
on another component as well as a state in which a com-
ponentis provided on another component with a different
element inserted between the component and another
component. A state in which "a component is stacked on
another component” includes a state in which a compo-
nent is stacked on another component to contact each
other as well as a state in which a component is stacked
on another component with a different element inserted
between the component and another component. A state
in which "a component opposes another component" in-
cludes a state in which a component directly faces an-
other component as well as a state in which a component
faces another component with a different element insert-
ed between the component and another component.
[0085] As described above, the embodiments of the
invention are described with reference to specific exam-
ples.

[0086] However, the embodiments of the invention are
not limited to these specific examples. For example, the
specific configurations of the components such as the
substrate, the thin film transistor, the pixel electrode, the
organic light emitting layer, the common electrode, the
sealing unit, the first sealing film, the second sealing film,
the organic barrier layer, and the stacked film included
in the display device are incorporated in the scope of the
invention as long as a person skilled in the art appropri-
ately selects components from the publicly known range
to similarly implement the invention for obtaining the sim-
ilar effect.

[0087] While certain embodiments have been de-
scribed, these embodiments have been presented by
way of example only, and are not intended to limit the
scope of the inventions. Indeed, the novel embodiments
described herein may be embodied in a variety of other
forms; furthermore, various omissions, substitutions and
changes in the form of the embodiments described herein
may be made without departing from the spirit of the in-
ventions. The accompanying claims and their equiva-
lents are intended to cover such forms or modifications
as would fall within the scope and spirit of the invention.

Claims
1. Adisplay device (110, 112, 210) comprising:
a substrate (10);

a thin film transistor (12) provided on the sub-
strate (10), the thin film transistor (12) including:
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a gate electrode (33) provided on the sub-
strate (10);

a gate insulating film (34) provided on the
gate electrode (33);

a semiconductor film (35) provided on the
gate insulating film (34);

a first conducting portion (31) electrically
connected to the semiconductor film (35);
and

a second conducting portion (32) electrical-
ly connected to the semiconductor film (35)
and provided apart from the first conducting
portion (31);

a pixel electrode (16) electrically connected to
one of the first conducting portion (31) and the
second conducting portion (32);

an organic light emitting layer (18) provided on
the pixel electrode (16);

acommon electrode (20) provided on the organ-
ic light emitting layer (18); and

asealing unit(22) provided on the common elec-
trode (20), the sealing unit (22) including:

a first sealing film (51) having a hydrogen
concentration of 1020 atoms/cm3 or less;
and

a second sealing film (52) stacked on the
first sealing film (51) and having a hydrogen
concentration of 1020 atoms/cm3 or less,

a refractive index of the second sealing film
(52) being different from a refractive index
of the first sealing film (51).

The device (110, 112, 210) according to claim 1,
wherein

the first sealing film (51) has one of compressive
stress and tensile stress, and

the second sealing film (52) has the other of com-
pressive stress and tensile stress.

The device (210) according to any of claims 1-2, fur-
ther comprising an organic barrier layer (46) provid-
ed between the common electrode (20) and the seal-
ing unit (22) and containing at least polyparaxylene.

The device (112) according to any of claims 1-3,
wherein

the sealing unit (22) includes a plurality of the first
sealing films (51) and a plurality of the second sealing
films (52), and

the first sealing films (51) and the second sealing
films (52) are alternately stacked on each other.

Thedevice (110,112,210) according to any of claims
1-4, wherein the first sealing film (51) and the second
sealing film (52) contain at least one of silicon oxide,
silicon oxynitride, silicon nitride, aluminum oxide,
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and tantalum oxide.

Thedevice (110, 112,210) according to any of claims
1-5, wherein the first sealing film (51) and the second
sealing film (52) contain same material.

Thedevice (110, 112,210) according to any of claims
1-6, wherein the semiconductor film (35) includes an
oxide semiconductor containing at least one of In,
Ga, and Zn.

The device (110, 112, 210) according to claim 7,
wherein a thickness of the semiconductor film (35)
is 5 nm or more and 50 nm or less.

Thedevice (110, 112,210) according to any of claims
1-8, wherein

a hydrogen concentration of the first sealing film (51)
is 7 X 1019 atoms/cm3 or less, and

a hydrogen concentration of the second sealing film
(52)is 7 x 1019 atoms/cm3 or less.

Thedevice (110, 112,210) according to any of claims
1-9, wherein the common electrode (20) extends on
the semiconductor film (35).

Thedevice (110, 112,210) according to any of claims
1-10, wherein the substrate (10) is flexible.

Thedevice (110, 112,210) according to any of claims
1-11, wherein

the semiconductor film (35) has a first region (35a)
covered with the first conducting portion (31), a sec-
ond region (35b) covered with the second conducting
portion (32), and a third region (35c¢) not covered with
the first conducting portion (31) and the second con-
ducting portion (32), and

the gate electrode (33) opposes the third region (35c)
with the gate insulating film (34) sandwiched be-
tween the gate electrode (33) and the third region
(35¢).

The device (110, 112, 210) according to claim 12,
wherein the thin film transistor (12) further includes
a channel protection film (36) provided at least on
the third region (35c).

The device (110, 112, 210) according to claim 13,
wherein the channel protection film (36) includes a
silicon oxide film.

Thedevice (110, 112,210) according to any of claims
1-14, wherein the pixel electrode (16) contains at
least one of ITO, 1Z0, AZO, IGZO, and ZnO.

Thedevice (110, 112,210) according to any of claims
1-15, wherein a thickness of the pixel electrode (16)
is 30 nm or more and 200 nm or less.
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17.

18.

19.

20.

Thedevice (110,112,210) according to any of claims
1-16, further comprising an insulative and light trans-
missive passivation film (40) provided between the
thin film transistor (12) and the pixel electrode (16),
the passivation film (40) having a first opening (40a),
a part of the first conducting portion (31) being ex-
posed from the first opening (40a),

the pixel electrode (16) contacting the part of the first
conducting portion (31) in the first opening (40a).

Thedevice (110,112,210) according to any of claims
1-17, further comprising a planarization film (42) pro-
vided between the pixel electrode (16) and the or-
ganic light emitting layer (18),

the pixel electrode (16) including

an opposing region (16a) opposing the thin film
transistor (12), and

a non-opposing region (16b) not opposing the
thin film transistor (12),

the planarization film (42) having a second opening
(42a), a part of the non-opposing region (16b) being
exposed from the second opening (42a),

the organic light emitting layer (18) contacting the
part of the non-opposing region (16b) in the second
opening (42a).

Thedevice (110,112,210) according to any of claims
1-18, wherein the common electrode (20) includes
a metal material.

The device (110, 112, 210) according to claim 19,
wherein the common electrode (20) contains at least
one of Al and MgAg.
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