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(7) ABSTRACT

A display device includes a first electrode, a second electrode,
an organic light emitting layer, a first transistor, and a second
transistor. The first transistor includes a first semiconductor
layer, a first conductive unit, a second conductive unit, a first
gate electrode, and a first gate insulating film. The second
transistor includes a second semiconductor layer, a third con-
ductive unit, a fourth conductive unit, a second gate electrode,
and a second gate insulating film. An amount of hydrogen
included in the first gate insulating film is larger than an
amount of hydrogen included in the second gate insulating
film.
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1
DISPLAY DEVICE AND SEMICONDUCTOR
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority from Japanese Patent Application No. 2013-194633,
filed on Sep. 19, 2013; the entire contents of which are incor-
porated herein by reference.

FIELD

Embodiments described herein relate generally to a display
device and a semiconductor device.

BACKGROUND

There is known an active matrix display device in which
the current flowing in the organic EL (electroluminescence)
element is controlled by a thin film transistor. Furthermore,
there is known a semiconductor device used in the display
device. Improvement in reliability is desired in such display
devices and semiconductor devices.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s a sectional view schematically showing a display
device according to a first embodiment,

FIG. 2 is an equivalent circuit diagram schematically
showing the display device according to the first embodi-
ment,

FIGS. 3A and 3B are graphs showing an example of the
current-voltage characteristic of the thin film transistor,

FIGS. 4A and 4B are graphs showing an example of the
characteristics of the thin film transistor,

FIG. 5 is a sectional view schematically showing a display
device according to a second embodiment,

FIG. 6 is a sectional view schematically showing an alter-
native display device according to the second embodiment,

FIG. 7 is a sectional view schematically showing a display
device according to a third embodiment,

FIG. 8 is a sectional view schematically showing a display
device according to a fourth embodiment, and

FIG. 9 is a sectional view schematically showing a semi-
conductor device according to a fifth embodiment.

DETAILED DESCRIPTION

According to one embodiment, a display device includes a
first electrode, a second electrode, an organic light emitting
layer, a first transistor, and a second transistor. The first elec-
trode is optical transparency. The second electrode opposes
the first electrode. The organic light emitting layer is provided
between the first electrode and the second electrode. The first
transistor includes a first semiconductor layer, a first conduc-
tive unit, a second conductive unit, a first gate electrode, and
a first gate insulating film. The first semiconductor layer
includes a first portion, a second portion, and a third portion
provided between the first portion and the second portion.
The first conductive unit is electrically connected to one of the
first electrode and the second electrode and is electrically
connected to the first portion. The second conductive unit is
separated from the first conductive unit and is electrically
connected to the second portion. The first gate electrode is
separated from the first conductive unit and the second con-
ductive unit and opposes the third portion. The first gate
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2

insulating film is provided between the third portion and the
first gate electrode. The second transistor includes a second
semiconductor layer, a third conductive unit, a fourth conduc-
tive unit, a second gate electrode, and a second gate insulating
film. The second semiconductor layer includes a fourth por-
tion, a fifth portion, and a sixth portion provided between the
fourth portion and the fifth portion. The third conductive unit
is electrically connected to one of the first conductive unit, the
second conductive unit, and the first gate electrode and is
electrically connected to the fourth portion. The fourth con-
ductive unit is separated from the third conductive unit and is
electrically connected to the fifth portion. The second gate
electrode is separated from the third conductive unit and the
fourth conductive unit and opposes the sixth portion. The
second gate insulating film is provided between the sixth
portion and the second gate electrode. An amount of hydro-
gen included in the first gate insulating film is larger than an
amount of hydrogen included in the second gate insulating
film.

According to another embodiment, a semiconductor
device includes a first transistor and a second transistor. The
first transistor includes a first semiconductor layer, a first
conductive unit, a second conductive unit, a first gate elec-
trode, and a first gate insulating film. The first semiconductor
layer includes a first portion, a second portion, and a third
portion provided between the first portion and the second
portion. The first conductive unit is electrically connected to
the first portion. The second conductive unit is separated from
the first conductive unit and is electrically connected to the
second portion. The first gate electrode is separated from the
first conductive unit and the second conductive unit and
opposes the third portion. The first gate insulating film is
provided between the third portion and the first gate elec-
trode. The second transistor includes a second semiconductor
layer, a third conductive unit, a fourth conductive unit, a
second gate electrode, and a second gate insulating film. The
second semiconductor layer includes a fourth portion, a fifth
portion, and a sixth portion provided between the fourth por-
tion and the fifth portion. The third conductive unit is electri-
cally connected to one of the first conductive unit, the second
conductive unit, and the first gate electrode and is electrically
connected to the fourth portion. The fourth conductive unit is
separated from the third conductive unit and is electrically
connected to the fifth portion. The second gate electrode is
separated from the third conductive unit and the fourth con-
ductive unit and opposes the sixth portion. The second gate
insulating film is provided between the sixth portion and the
second gate electrode. An amount ofhydrogen included inthe
first gate insulating film is larger than an amount of hydrogen
included in the second gate insulating film.

Various embodiments will be described hereinafter with
reference to the accompanying drawings.

The drawings are schematic or conceptual. The relation-
ship between the thickness and the width of each portion, and
the size ratio between the portions, for instance, are not nec-
essarily identical to those in reality. Furthermore, the same
portion may be shown with different dimensions or ratios
depending on the figures.

In the present description and the drawings, components
similar to those described previously with reference to earlier
figures are labeled with like reference numerals, and the
detailed description thereof is omitted appropriately.

First Embodiment

FIG. 11is a sectional view schematically showing a display
device according to a first embodiment.
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As shown in FIG. 1, the display device 110 includes a first
electrode 11, a second electrode 12, an organic light emitting
layer 13, a first transistor 21, and a second transistor 22.

The first electrode 11 has optical transmissivity. The sec-
ond electrode 12 opposes the first electrode 11. In this
example, the second electrode 12 is optically reflective. The
optical reflectance of the second electrode 12 is higher than
the optical reflectance of the first electrode 11. The second
electrode 12 may be optical transparency. For instance, the
first electrode 11 is an anode, and the second electrode 12is a
cathode. Alternatively, the first electrode 11 may be a cathode,
and the second electrode 12 may be an anode. The first elec-
trode 11 may be referred to as e.g. a pixel electrode.

The organic light emitting layer 13 is provided between the
first electrode 11 and the second electrode 12. The organic
light emitting layer 13 is electrically connected to the first
electrode 11 and the second electrode 12. The organic light
emitting layer 13 is e.g. in contact with at least part of the first
electrode 11 and in contact with at least part of the second
electrode 12.

The first electrode 11, the second electrode 12, and the
organic light emitting layer 13 constitute a light emitting
element part 15 ofthe organic EL type. More specifically, the
respective portions of the organic light emitting layer 13
electrically connected to the first electrode 11 and the second
electrode 12 constitute a light emitting element part 15. A
current is passed between the first electrode 11 and the second
electrode 12. Thus, light is emitted from the organic light
emitting layer 13. The light emitted from the organic light
emitting layer 13 is transmitted through the first electrode 11.

Light emission of the light emitting element part 15 is
driven by the first transistor 21 and the second transistor 22. In
the display device 110, a plurality of light emitting element
parts 15, a plurality of first transistors 21, and a plurality of
second transistors 22 are combined and arranged in a matrix.
Light emission of the plurality of light emitting element parts
15 is controlled by controlling the driving of the plurality of
first transistors 21 and the plurality of second transistors 22.
Thus, an image is displayed in the display device 110. The
display device 110 is an active matrix display device based on
organic EL.

Here, the direction parallel to the stacking direction of the
first electrode 11, the second electrode 12, and the organic
light emitting layer 13 is referred to as Z-axis direction. One
direction perpendicular to the Z-axis direction is referred to as
X-axis direction. The direction perpendicular to the X-axis
direction and the Z-axis direction is referred to as Y-axis
direction. The Z-axis direction is e.g. perpendicular to each
film surface of the first electrode 11, the second electrode 12,
and the organic light emitting layer 13. The Z-axis direction is
synonymous with e.g. each thickness direction of the first
electrode 11, the second electrode 12, and the organic light
emitting layer 13.

The first transistor 21 includes a first semiconductor layer
30, a first conductive unit 31, a second conductive unit 32, a
first gate electrode 33, and a first gate insulating film 34.

The first semiconductor layer 30 includes a first portion
30a, asecond portion 305, and a third portion 30c between the
first portion 30a and the second portion 304.

The first conductive unit 31 is electrically connected to one
of the first electrode 11 and the second electrode 12, and
electrically connected to the first portion 30a. In this example,
the first conductive unit 31 is electrically connected to the first
electrode 11. The second conductive unit 32 is separated from
the first conductive unit 31 and electrically connected to the
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second portion 306. For instance, one of the first conductive
unit 31 and the second conductive unit 32 is a drain, and the
other is a source.

The first gate electrode 33 is separated from the first con-
ductive unit 31, the second conductive unit 32, and the first
semiconductor layer 30. The first gate electrode 33 opposes
the third portion 30c. The first gate electrode 33 opposes the
third portion 30c in e.g. the Z-axis direction. The first gate
insulating film 34 is provided between the third portion 30¢
and the first gate electrode 33.

The second transistor 22 includes a second semiconductor
layer 40, a third conductive unit 41, a fourth conductive unit
42, a second gate electrode 43, and a second gate insulating
film 44.

The second semiconductor layer 40 includes a fourth por-
tion 40a, a fifth portion 405, and a sixth portion 40c between
the fourth portion 40a and the fifth portion 404.

The third conductive unit 41 is electrically connected to the
fourth portion 40a. Furthermore, the third conductive unit 41
is electrically connected to one of the first conductive unit 31,
the second conductive unit 32, and the first gate electrode 33
through a wiring or the like, not shown. The fourth conductive
unit 42 is separated from the third conductive unit 41 and
electrically connected to the fifth portion 405. For instance,
one of the third conductive unit 41 and the fourth conductive
unit 42 is a drain, and the other is a source.

The second gate electrode 43 is separated from the third
conductive unit 41, the fourth conductive unit 42, and the
second semiconductor layer 40. The second gate electrode 43
opposes the sixth portion 40c. The second gate electrode 43
opposes the sixth portion 40c¢ in e.g. the Z-axis direction. The
second gate insulating film 44 is provided between the sixth
portion 40c¢ and the second gate electrode 43.

The display device 110 further includes e.g. a substrate 50,
a barrier layer 51, a protective layer 52, a planarization layer
53, a bank layer 54, and a sealing layer 55. Each of these parts
is appropriately provided in the display device 110, and can
be omitted.

The substrate 50 has a major surface 50a. The major sur-
face 50a is e.g. a surface perpendicular to the Z-axis direction.
The substrate 50 is made of e.g. a material having optical
transmissivity. The substrate 50 is made of e.g. glass material
or resin material. The substrate 50 further has e.g. flexibility.
In this case, the substrate 50 is made of e.g. a flexible resin
material such as polyimide.

The barrier layer 51 is provided on the major surface 50a.
The barrier layer 51 suppresses e.g. penetration of moisture
from the substrate 50 side. The barrier layer 51 is made ofe.g.
silicon oxide film, silicon nitride film, or silicon oxynitride
film.

The first transistor 21 and the second transistor 22 are
provided on the major surface 50a. In this example, the first
transistor 21 and the second transistor 22 are provided on the
barrier layer 51. For instance, the first transistor 21 and the
second transistor 22 are juxtaposed on the barrier layer 51.

The first gate electrode 33 and the second gate electrode 43
are provided on the barrier layer 51. The first gate electrode 33
and the second gate electrode 43 are made of e.g. a high
melting point metal such as molybdenum tungsten (MoW),
molybdenum tantalum (MoTa), and tungsten (W). Alterna-
tively, the material of the first gate electrode 33 and the second
gate electrode 43 may be an Al alloy composed primarily of
Alwith countermeasures against hillocks, or Cuhaving lower
resistance.

The first gate insulating film 34 is provided on the first gate
electrode 33. The second gate insulating film 44 is provided
on the second gate electrode 43. In this example, the second
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gate insulating film 44 is continuous with the first gate insu-
lating film 34. The first gate insulating film 34 and the second
gate insulating film 44 constitute e.g. a single continuous
insulating layer 56. For instance, the insulating layer 56 is
provided on the first gate electrode 33, on the second gate
electrode 43, and on the barrier layer 51. The first gate insu-
lating film 34 is e.g. part of the insulating layer 56. The second
gate insulating film 44 is e.g. another part of the insulating
layer 56. The insulating layer 56 has e.g. insulating property
and optical transmissivity.

The first gate insulating film 34 may be separated from the
second gate insulating film 44. The first gate insulating film
34 only needs to exist at least between the first semiconductor
layer 30 and the first gate electrode 33. The second gate
insulating film 44 only needs to exist at least between the
second semiconductor layer 40 and the second gate electrode
43.

The first gate insulating film 34 and the second gate insu-
lating film 44 (insulating layer 56) are made of at least one of
e.g. silicon oxide film (e.g., SiO,), silicon nitride film (e.g.,
SiN, ), and silicon oxynitride film (SiON). In this example, the
material of the first gate insulating film 34 is substantially the
same as the material of the second gate insulating film 44.

In this example, the thickness t1 of the first gate insulating
film 34 is thicker than the thickness t2 of the second gate
insulating film 44. The thickness t1 is, in other words, the
length in the Z-axis direction of the first gate insulating film
34. The thickness 12 is, in other words, the length in the Z-axis
direction of the second gate insulating film 44. The thickness
tl is e.g. 10 nm or more and 1000 nm or less. The thickness t2
is e.g. 5 nm or more and 500 nm or less.

In this example, the material of the first gate insulating film
34 is substantially the same as the material of the second gate
insulating film 44. Thus, the concentration of hydrogen per
unit volume of the first gate insulating film 34 is substantially
equal to the concentration of hydrogen per unit volume of the
second gate insulating film 44. On the other hand, the volume
of the first gate insulating film 34 is larger than the volume of
the second gate insulating film 44. Thus, the amount of hydro-
gen included in the first gate insulating film 34 is larger than
the amount ofhydrogen included in the second gate insulating
film 44.

The first semiconductor layer 30 is provided on the first
gate insulating film 34. The second semiconductor layer 40 is
provided on the second gate insulating film 44. That is, in this
example, the first transistor 21 and the second transistor 22
are of what is called the bottom gate type.

The first semiconductor layer 30 and the second semicon-
ductor layer 40 include e.g. an oxide including at least one of
gallium, zinc, tin, and silicon, and indium. That is, the first
semiconductor layer 30 and the second semiconductor layer
40 are e.g. oxide films including In, Ga, and 7n (i.e,
In—Ga—7n—0 oxide films). Alternatively, the first semi-
conductor layer 30 and the second semiconductor layer 40
may be oxide films including In and Zn (i.e., In—7Zn—0O
oxide films). Alternatively, the first semiconductor layer 30
and the second semiconductor layer 40 may be oxide films
including In, Zn, and Si (i.e., In—Zn—Si—O oxide films). In
the following, the In—Ga—Zn—O0 oxide films are generi-
cally referred to as “InGaZnO film”.

The material of the first semiconductor layer 30 may be the
same as or different from the material of the second semicon-
ductor layer 40. The first semiconductor layer 30 and the
second semiconductor layer 40 have e.g. n-type conductivity
or p-type conductivity. In the following, this example is
described in the case where the first semiconductor layer 30
and the second semiconductor layer 40 are of n-type.
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Inthis example, the first transistor 21 further includes a first
channel protective film 35, and the second transistor 22 fur-
ther includes a second channel protective film 45. The first
channel protective film 35 is provided on the third portion 30¢
of the first semiconductor layer 30. The second channel pro-
tective film 45 is provided on the sixth portion 40c of the
second semiconductor layer 40. The first channel protective
film 35 protects the first semiconductor layer 30. The second
channel protective film 45 protects the second semiconductor
layer 40. The first channel protective film 35 and the second
channel protective film 45 are made of e.g. silicon oxide film.

The first conductive unit 31 is provided on at least the first
portion 30a of the first semiconductor layer 30. The first
conductive unit 31 is e.g. in contact with the first portion 30a.
Thus, the first conductive unit 31 is electrically connected to
the first semiconductor layer 30.

The second conductive unit 32 is provided on at least the
second portion 305 of the first semiconductor layer 30. The
second conductive unit 32 is e.g. in contact with the second
portion 305. Thus, the second conductive unit 32 is electri-
cally connected to the first semiconductor layer 30. Accord-
ingly, a channel is generated in the first semiconductor layer
30 by applying a voltage to the first gate electrode 33. Thus, a
current flows between the first conductive unit 31 and the
second conductive unit 32.

The third conductive unit 41 is provided on at least the
fourth portion 404 of the second semiconductor layer 40. The
third conductive unit 41 is e.g. in contact with the fourth
portion 40a. Thus, the third conductive unit 41 is electrically
connected to the second semiconductor layer 40.

The fourth conductive unit 42 is provided on at least the
fifth portion 405 of the second semiconductor layer 40. The
fourth conductive unit 42 is e.g. in contact with the fifth
portion 405. Thus, the fourth conductive unit 42 is electrically
connected to the second semiconductor layer 40. Accord-
ingly, a channel is generated in the second semiconductor
layer 40 by applying a voltage to the second gate electrode 43.
Thus, a current flows between the third conductive unit 41 and
the fourth conductive unit 42.

Each of the first conductive unit 31, the second conductive
unit 32, the third conductive unit 41, and the fourth conduc-
tiveunit 42 is made of e.g. Ti, Al, Mo and the like. Each of the
first conductive unit 31, the second conductive unit 32, the
third conductive unit 41, and the fourth conductive unit 42
may be e.g. a stacked body including at least one of Ti, Al, and
Mo.

In this example, the first conductive unit 31 is provided on
part of the first channel protective film 35. For instance, the
first conductive unit 31 covers part of the first channel pro-
tective film 35. The second conductive unit 32 is provided on
another part of the first channel protective film 35. For
instance, the second conductive unit 32 covers another part of
the first channel protective film 35.

In this example, the third conductive unit 41 is provided on
part of the second channel protective film 45. For instance, the
third conductive unit 41 covers part of the second channel
protective film 45. The fourth conductive unit 42 is provided
on another part of the second channel protective film 45. For
instance, the fourth conductive unit 42 covers another part of
the second channel protective film 45.

Part of the first channel protective film 35 is not covered
with the first conductive unit 31 and the second conductive
unit 32. In other words, part of the first channel protective film
35 does not overlap each of the first conductive unit 31 and the
second conductive unit 32 as projected on e.g. the X-Y plane
(the plane parallel to the upper surface 50a).



US 9,006,828 B2

7

Part of the second channel protective film 45 is not covered
with the third conductive unit 41 and the fourth conductive
unit 42. Tn other words, part of the second channel protective
film 45 does not overlap each of the third conductive unit 41
and the fourth conductive unit 42 as projected on e.g. the X-Y
plane.

The first transistor 21 and the second transistor 22 thus
configured facilitates profile reduction. For instance, the
thickness (length in the Z-axis direction) of the first transistor
21 and the second transistor 22 can be suppressed.

The protective layer 52 s provided on the first transistor 21,
on the second transistor 22, and on the insulating layer 56.
The protective layer 52 covers the first transistor 21 and the
second transistor 22. The protective layer 52 has insulating
property. The protective layer 52 further has e.g. optical trans-
missivity. The protective layer 52 is provided with an opening
52a for exposing part of the first conductive unit 31. The
protective layer 52 is made of e.g. one of silicon oxide film,
silicon nitride film, and silicon oxynitride film.

The planarization layer 53 is provided on the protective
layer 52. The planarization layer 53 has e.g. insulating prop-
erty and optical transmissivity. The planarization layer 53 is
provided with an opening 53¢ for exposing part of the first
conductive unit 31. The opening 33a is provided at a position
overlapping the opening 52a of the protective layer 52 as
projected on the X-Y plane. The planarization layer 53 is
made of e.g. one of silicon oxide film, silicon nitride film, and
silicon oxynitride film.

The first electrode 11 is provided on the planarization layer
53. The first electrode 11 is made of e.g. a material having
conductivity and optical transmissivity. The first electrode 11
is made of e.g. ITO. Part 11a of the first electrode 11 is
inserted into the opening 52a and the opening 53a. The part
11a is e.g. in contact with the first conductive unit 31. Thus,
the first electrode 11 is electrically connected to the first
conductive unit 31.

The bank layer 54 is provided on the planarization layer 53
and on partof the first electrode 11. The bank layer 54 exposes
part of the first electrode 11. The bank layer 54 defines e.g. a
region constituting the light emitting element part 15. The
bank layer 54 is made of e.g. a material having insulating
property. The bank layer 54 is made of e.g. one of silicon
oxide film, silicon nitride film, and silicon oxynitride film.

The organic light emitting layer 13 is provided on the first
electrode 11 and on the bank layer 54. The organic light
emitting layer 13 is e.g. in contact with the first electrode 11
in the portion of the first electrode 11 exposed from the bank
layer 54. The organic light emitting layer 13 is made of e.g. a
stacked body in which a hole transport layer, a light emitting
layer, and an electron transport layer are stacked.

The second electrode 12 is provided on the organic light
emitting layer 13. The second electrode 12 is made of a
material having conductivity. The second electrode 12 is
made of e.g. Al.

In this example, light emitted from the organic light emit-
ting layer 13 is transmitted through the first electrode 11, the
planarization layer 53, the protective layer 52, the insulating
layer 56, the barrier layer 51, and the substrate 50 and emitted
to the outside of the display device 110. That is, in this
example, the display device 110 is of what is called the
bottom emission type.

For instance, the second electrode 12 may be provided on
the substrate 50. The organic light emitting layer 13 may be
provided on the second electrode 12. The first electrode 11
may be provided on the organic light emitting layer 13. Thus,
light may be emitted toward the side opposite from the sub-
strate 50. That is, the display device 110 may be of the top
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emission type. In the case where the display device 110 is
configured to be of the top emission type, each of the substrate
50, the barrier layer 51, the insulating layer 56, the protective
layer 52, and the planarization layer 53 does not need to have
optical transmissivity. For instance, the substrate 50 may
include a non-optically transmissive base material such as
paper and stainless steel, and an insulating layer provided on
the base material.

Forinstance, in the display device 110, a color filter may be
provided e.g. between the protective layer 52 and the pla-
narization layer 53, or between the planarization layer 53 and
the first electrode 11. Then, for instance, light with a desired
color can be emitted.

The sealing layer 55 is provided on the second electrode
12. The sealing layer 55 covers the second electrode 12 and
the organic light emitting layer 13. For instance, the sealing
layer 55 protects the second electrode 12 and the organic light
emitting layer 13. The sealing layer 55 is made of e.g. one of
silicon oxide film, silicon nitride film, and silicon oxynitride
film.

FIG. 2 is an equivalent circuit diagram schematically
showing the display device according to the first embodi-
ment.

As shown in F1G. 2, the display device 110 includes e.g. a
light emitting element part 15, a drive transistor 60, a write
transistor 61, a light emission control transistor 62, a Vth
detection transistor 63, a reset transistor 64, capacitors 65, 66,
a power supply line 67, and a signal line 68. Each transistor
60-64 is e.g. an N-channel type thin film transistor.

The source of the drive transistor 60 is electrically con-
nected to the anode of the light emitting element part 15. The
source of the drive transistor 60 is electrically connected to
e.g. the first electrode 11. The drain of the drive transistor 60
is electrically connected to the source of the light emission
control transistor 62. The gate of the drive transistor 60 is
electrically connected to one end of the capacitor 65 and the
drain of the Vth detection transistor 63.

The drain of the write transistor 61 is electrically connected
to the signal line 68. The source of the write transistor 61 is
electrically connected to the other end of the capacitor 65. The
source of the write transistor 61 is electrically connected to
the gate of the drive transistor 60 through the capacitor 65.
The gate of the write transistor 61 is electrically connected to
a gate line (signal line), not shown.

The drain of the light emission control transistor 62 is
electrically connected to the power supply line 67. The gate of
the light emission control transistor 62 is electrically con-
nected to a gate line, not shown.

The source of the Vth detection transistor 63 is electrically
connected to the drain of the drive transistor 60. The gate of
the Vth detection transistor 63 is electrically connected to a
gate line, not shown.

The drain of the reset transistor 64 is electrically connected
to the other end of the capacitor 65. The drain of the reset
transistor 64 is electrically connected to the gate of the drive
transistor 60 through the capacitor 65. The source of the reset
transistor 64 is electrically connected to a reset line, not
shown. The gate of the reset transistor 64 is electrically con-
nected to a gate line, not shown.

One end of the capacitor 66 is electrically connected to the
power supply line 67. The other end of the capacitor 66 is
electrically connected to the other end of the capacitor 65.

In the display device 110, when the light emitting element
part 15 is caused to emit light, first, only the reset transistor 64
of the transistors 61-64 is turned on, and the others are turned
off. Thus, the voltage across the capacitor 65 is made sub-
stantially equal to the reset voltage applied to the reset line.
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That is, the gate voltage of the drive transistor 60 is made
substantially equal to the reset voltage.

Subsequently, the reset transistor 64 is turned off, and the
Vthdetection transistor 63 is turned on. This turns on the drive
transistor 60. Thus, a current flows between the drain and the
source of the drive transistor 60 in accordance with the charge
accumulated in the capacitor 65.

When the voltage of the capacitor 65 falls below the thresh-
old voltage Vth of the drive transistor 60, the drive transistor
60 is turned off, and the current ceases to flow in the drive
transistor 60. Thus, the voltage across the capacitor 65 is
made substantially equal to the threshold voltage Vth of the
drive transistor 60. That is, the threshold voltage Vth of the
drive transistor 60 is detected.

Next, the Vth detection transistor 63 is turned off, and the
write transistor 61 is turned on. Thus, the voltage of the
capacitor 65 is set to the voltage applied to the signal line 68.
More specifically, the voltage of the capacitor 65 is set to the
voltage obtained by dividing the voltage of the signal line 68
in the capacitance ratio between the capacitor 65 and the
capacitor 66.

Next, the write transistor 61 is turned off, and the light
emission control transistor 62 is turned on. Thus, the current
corresponding to the voltage set to the capacitor 65 flows
between the drain and the source of the drive transistor 60 and
in the light emitting element part 15. Accordingly, the light
emitting element part 15 emits light.

The gate of each of the transistors 61-64 is applied with a
negative voltage e.g. when the transistor 61-64 is set to the
off-state. This can suppress the occurrence of leakage in each
of the transistors 61-64. On the other hand, the gate of the
drive transistor 60 is generally applied witha positive voltage.

The gate voltage of the drive transistor 60 is e.g. 0 V or
more and 10V or less. The gate voltage of the drive transistor
60 at the time of setting the drive transistor 60 to the off-state
ise.g. 0V ormoreand 5V orless. The gate voltage of the drive
transistor 60 at the time of setting the drive transistor 60 to the
on-state is e.g. 1 V or more and 10V or less.

The gate voltage of each of the transistors 61-64 ise.g. =20
V or more and 30V or less. In each of the transistors 61-64,
the gate voltage at the time of setting the transistor to the
off-state is e.g. -20 V or more and 0 V or less. In each of the
transistors 61-64, the gate voltage at the time of setting the
transistor to the on-state is e.g. 0V or more and 30 V or less.

The absolute value of the gate voltage of each of the tran-
sistors 61-64 is larger than e.g. the absolute value of the gate
voltage of the drive transistor 60. Here, the “on-state” is e.g.
the state in which a voltage more than or equal to the threshold
voltage is applied to the gate. The “off-state” is e.g. the state
in which a voltage less than the threshold voltage is applied to
the gate.

The first transistor 21 shown in FIG. 1 corresponds to e.g.
the drive transistor 60. The drive transistor 60 is e.g. a thin film
transistor for controlling the supply current to the light emit-
ting element part 15.

The second transistor 22 corresponds to e.g. at least one of
the write transistor 61, the light emission control transistor
62, the Vth detection transistor 63, and the reset transistor 64.
Fach transistor 61-64 is what 1s called a switch transistor.

In the second transistor 22, the third conductive unit 41 is
electrically connected to one of the first conductive unit 31,
the second conductive unit 32, and the first gate electrode 33
ofthe first transistor 21. For instance, the third conductive unit
41 is electrically connected to one of the drain, source, and
gate of the drive transistor 60.

The first transistor 21 is not limited to the drive transistor
60. For instance, the first transistor 21 may be any transistor
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including a first conductive unit 31 electrically connected to
one of the first electrode 11 and the second electrode 12,
where the first gate electrode 33 does not need to be applied
with a negative voltage.

The second transistor 22 is not limited to the above tran-
sistors 61-64. For instance, the second transistor 22 may be
any transistor including a third conductive unit 41 electrically
connected to one of the first conductive unit 31, the second
conductive unit 32, and the first gate electrode 33, where the
second gate electrode 43 is applied with a negative voltage.
Here, the negative voltage refers to the state in which e.g. the
potential set to the gate is lower than the potential set to the
source.

The first gate insulating film 34 of the first transistor 21 and
the second gate insulating film 44 of the second transistor 22
each relate to e.g. the duty cycle of the driving stress, and
depend on the criticality of leakage occurrence. For instance,
preferably, the thin film transistor constituting the peripheral
gate driver circuit is also formed similarly to the second
transistor 22.

The inventor evaluated the characteristics of the thin film
transistor including an InGaZnO film by fabricating a plural-
ity of samples and performing an experiment thereon. In the
experiment, the current-voltage characteristic of each sample
was obtained by measuring the drain current while changing
the gate voltage. In the experiment, a negative voltage (nega-
tive bias stress) is applied to the gate under light irradiation.
That is, the change of the current-voltage characteristic
between before and after application of negative bias stress
was obtained.

FIGS. 3A and 3B are graphs showing an example of the
current-voltage characteristic of the thin film transistor.

FIG. 3A shows the characteristic S1A before negative bias
stress application, and the characteristic S1B after negative
bias stress application, of a first sample. FIG. 3B shows the
characteristic S2A before negative bias stress application,
and the characteristic S2B after negative bias stress applica-
tion, of a second sample. In FIGS. 3A and 3B, the horizontal
axis represents gate voltage Vg (V), and the vertical axis
represents drain current Id (A).

In the first sample, the thickness of the gate insulating film
was set to 350 nm. In the second sample, the thickness of the
gate insulating film was set to 175 nm. That is, the thickness
of the gate insulating film of the second sample was set to half
the thickness of the gate insulating film of the first sample. In
the first sample and the second sample, a negative bias stress
was applied for a fixed time in the state in which light includ-
ing a wavelength of 450 nm or less was incident on the
sample. The current-voltage characteristic was measured
before and after the application.

As shown in FIG. 3A, in the first sample, the threshold
voltage was significantly shifted to the negative side by appli-
cation of negative bias stress. Thus, it has turned out that the
tolerance to the negative gate voltage is prone to degradation
in the environment of light incidence.

In the display device, light emitted from the organic light
emitting layer and external light are incident on the thin film
transistor. Thus, in the display device and the thin film tran-
sistor used in the display device, it is desired to suppress the
degradation of characteristics for the negative gate voltage in
the case of light incidence.

As shown in FIG. 3B, in the second sample, the degrada-
tion of characteristics for the negative gate voltage under light
irradiation is suppressed compared with the first sample.
Thus, it has turned out that in the thin film transistor including
an InGaZnO film, the degradation of characteristics for the
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negative gate voltage under light irradiation can be sup-
pressed by thinning the gate insulating film.

Tt is considered that this results from the amount of hydro-
gen diffused from the gate insulating film into the InGaZnO
film in the annealing treatment of the process for manufac-
turing the TFT. Thinning the gate insulating film decreases
the amount of hydrogen included in the gate insulating film.
This also decreases the amount of hydrogen diffused from the
gate insulating film into the InGaZnO film in the annealing. It
is considered that the degradation of characteristics was thus
suppressed.

The inventor also evaluated the relationship between the
thickness of the gate insulating film and the initial threshold
voltage. The inventor further evaluated the change of the
current-voltage characteristic between before and after the
stress test of applying a positive voltage to the gate for a fixed
time.

FIGS. 4A and 4B are graphs showing an example of the
characteristics of the thin film transistor.

FIG. 4A is a graph showing the relationship between the
thickness of the gate insulating film and the initial threshold
voltage. In FIG. 4A, the horizontal axis represents the film
thickness T (nm) of the gate insulating film, and the vertical
axis represents the initial threshold voltage Vth (V).

FIG. 4B is a graph showing the relationship between the
initial threshold voltage and the variation of the initial thresh-
old voltage. In FIG. 4B, the horizontal axis represents the
initial threshold voltage Vth (V), and the vertical axis repre-
sents the variation Dv (V) of the initial threshold voltage. The
variation Dv specifically refers to the value obtained by sub-
tracting the threshold voltage before the positive bias stress
test (initial threshold voltage) from the threshold voltage after
the positive bias stress test. That is, the variation Dv is given
by Dv=Vth2-Vthl, where Vthl is the threshold voltage
before the stress test, and Vth2 is the threshold voltage after
the stress test.

As shown in FIG. 4A, the initial threshold voltage Vth is
higher as the film thickness T of the gate insulating film is
made thinner. The initial threshold voltage Vth is shifted to
the positive side by thinning the film thickness T of the gate
insulating film.

As shown in FIG. 4B, the variation Dv is larger for a higher
initial threshold voltage Vth. That is, it has turned out that in
the thin film transistor including an InGaZnO film, the toler-
ance to the positive gate voltage is more prone to degradation
for a higher initial threshold voltage Vth. Thus, the gate
insulating film is thickened for a positive gate voltage. This
can enhance the tolerance to the positive gate voltage. For
instance, hydrogen is moderately supplied from the gate insu-
lating film to the InGaZnO film in the annealing treatment of
the process for manufacturing the TFT. It is considered that
this can enhance the tolerance to the positive gate voltage.

Thus, it has turned out that in the thin film transistor includ-
ing an InGaZnO film, thinning the gate insulating film can
enhance the tolerance to the negative gate voltage under light
irradiation, but is likely to cause degradation for the positive
gate voltage. That is, it is considered that decreasing the
amount of hydrogen included in the gate insulating film can
enhance the tolerance to the negative gate voltage, but is
likely to cause degradation for the positive gate voltage. This
is a novel effect discovered by the inventor’s investigation.

In the display device 110 according to this embodiment,
the thickness t1 of the first gate insulating film 34 of the first
transistor 21 is made thicker than the thickness t2 of the
second gate insulating film 44 of the second transistor 22.
That is, in the first transistor 21 in which a positive gate
voltage is primarily applied to the first gate electrode 33, the
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thickness t1 of the first gate insulating film 34 is thickened. In
the second transistor 22 in which a negative gate voltage is
primarily applied to the second gate electrode 43, the thick-
ness t2 of the second gate insulating film 44 is thinned. Thus,
the tolerance to the positive gate voltage can be enhanced in
the first transistor 21. This can enhance the reliability of the
first transistor 21. Furthermore, the tolerance to the negative
gate voltage can be enhanced in the second transistor 22. This
can enhance the reliability of the second transistor 22. Thus,
a high reliability is achieved in the display device 110.

Next, an example of a method for manufacturing the dis-
play device 110 is described.

In the manufacturing of the display device 110, first, an SiN
layer is formed 200 nm by PE-CVD technique on the major
surface 50a of a glass substrate as a substrate 50. Thus, a
barrier layer 51 is formed on the major surface 50a.

A stacked film of Al film and Mo film is formed on the
barrier layer 51. The stacked film constitutes a first gate
electrode 33 and a second gate electrode 43. The thickness of
the Al film is e.g. 150 nm. The thickness of the Mo film is e.g.
30 nm. Formation of the Al film and the Mo film is performed
by e.g. sputtering. Subsequently, the stacked film is processed
into a prescribed pattern. Thus, a first gate electrode 33 and a
second gate electrode 43 are formed from the stacked film.
The processing of the stacked film is performed by e.g. pho-
tolithography. Etching is performed using e.g. a mixed acid of
phosphoric acid, acetic acid, and nitric acid.

An Si0, film constituting an insulating layer 56 is formed
to a thickness of e.g. 200 nm by plasma CVD (plasma
enhanced chemical vapor deposition, PE-CVD) technique
using e.g. TEOS (tetraethyl orthosilicate). Subsequently, the
portion of the SiO, film located on the second gate electrode
43 is etched by photolithography and thinned to 100 nm.
Thus, a first gate insulating film 34 and a second gate insu-
lating film 44 are formed. That is, the thickness t1 of the first
gate insulating film 34 is made thicker than the thickness t2 of
the second gate insulating film 44.

On the insulating layer 56, an InGaZnO film (e.g., In,O;—
Ga,0,—Zn0O film) constituting a first semiconductor layer
30 and a second semiconductor layer 40 is formed to a thick-
ness of'e.g. 30 nm by reactive DC sputtering technique. At this
time, the composition ratio of the target used is e.g. 1:1:1 in
terms of the atomic number ratio of In:Ga:Zn. The partial
pressure of oxygen at the time of film formation is e.g. 0.007
Pa. Film formation of the InGaZnO film does not need heat-
ing and the like. Thus, the film formation temperature is
approximately several ten © C.

Subsequently, the InGaZnO film is processed into a pre-
scribed shape by photolithography. Thus, a first semiconduc-
tor layer 30 and a second semiconductor layer 40 are formed
from the InGaZnO film. The etching liquid is e.g. oxalic acid
diluted with water.

AnSi0, film is formed by PE-CVD technique or the like on
the first semiconductor layer 30 and the second semiconduc-
tor layer 40. Then, the SiO, film is processed into a prescribed
shape by photolithography. Thus, a first channel protective
film 35 and a second channel protective film 45 are formed
from the SiO, film.

Furthermore, although not shown, an opening for extract-
ing the first gate electrode 33 and an opening for extracting
the second gate electrode 43 are each formed in the insulating
layer 56. Subsequently, a Mo film having a thickness of 50
nm, an Al film having a thickness of 200 nm, and a Mo film
having a thickness of 50 nm are sequentially formed by sput-
tering and processed into a prescribed shape. Thus, a first
conductive unit 31, a second conductive unit 32, a third con-
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ductive unit 41, and a fourth conductive unit 42 are formed
from the stacked film of Mo film/Al film/Mo film.

A stacked film of SiO, and SiN, is formed as a protective
layer 52 by PE-CVD technique using SiH, gas and the like.
Then, respective portions for extracting the first conductive
unit 31, the second conductive unit 32, the third conductive
unit 41, and the fourth conductive unit 42 are formed in the
protective layer 52. For instance, an opening 524 is formed.
Thus, a first transistor 21 and a second transistor 22 are
completed.

The first transistor 21 and the second transistor 22 imme-
diately after the process have been damaged by ultraviolet
radiation and the like during the process. Thus, for instance,
annealing treatment (heating treatment) is performed in an
annealing furnace. The temperature of the annealing treat-
ment s e.g. 250° C. The time of the annealing treatment is e.g.
1 hour.

Next, a light emitting element part 15 is formed. First, a
planarization layer 53 is formed from HRC (organic insulat-
ing film) on the protective layer 52. Then, an opening 53a
being a contact part of the first electrode 11 is formed in the
planarization layer 53. Next, a film of ITO is formed and
patterned to form a first electrode 11 on the planarization
layer 53. A bank layer 54 is formed from HRC on the pla-
narization layer 53 and on the first electrode 11. Subse-
quently, an organic light emitting layer 13 and a second elec-
trode 12 are formed. The organic light emitting layer 13 is
formed by e.g. evaporation technique. The second electrode
12 is formed as e.g. a stacked film of LiF film and Al film by
evaporation technique. Then, a stacked film of silicon nitride
film and organic resin 1s formed as a sealing layer 55. Thus,
the light emitting element part 15 is film-sealed.

Thus, the display device 110 is completed.

Second Embodiment

FIG. 5 is a sectional view schematically showing a display
device according to a second embodiment.

As shown in FIG. 5, in the display device 112, the first gate
insulating film 34 includes a first layer 34a and a second layer
34b. The second layer 34 is provided between the first gate
electrode 33 and the first layer 34a. The first layer 34a is e.g.
continuous with the second gate insulating film 44. The mate-
rial of the first layer 34a is substantially the same as the
material ofthe second gate insulating film 44. In this example,
the first layer 34a and the second gate insulating film 44
constitute a single continuous insulating layer 56.

The thickness of the first layer 34a is substantially equal to
the thickness of the second gate insulating film 44. That is, in
the display device 112, the thickness of the first gate insulat-
ing film 34 is made thicker than the thickness of the second
gate insulating film 44 by providing the second layer 345. The
thickness of the first layer 34a and the thickness of the second
gate insulating film 44 are e.g. 5 nm or more and 500 nm or
less. The thickness of the second layer 345 is e.g. 10 nm or
more and 1000 nm or less.

The material of the second layer 345 may be the same as or
different from the material of the first layer 34a. For instance,
the hydrogen concentration of the second layer 345 is made
higher than the hydrogen concentration of the first layer 34a
and the second gate insulating film 44. Thus, for instance, the
amount of hydrogen included in the first gate insulating film
34 can be made larger, and the amount of hydrogen included
in the second gate insulating film 44 can be made smaller. For
instance, the tolerance to the positive gate voltage can be
enhanced in the first transistor 21. The tolerance to the nega-
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tive gate voltage can be enhanced in the second transistor 22.
Thus, a higher reliability is achieved in the display device
112.

The first layer 34a and the second gate insulating film 44
are made of e.g, silicon oxide film. The second layer 345 is
made of'e.g. one of silicon oxide film, silicon nitride film, and
silicon oxynitride film. For instance, in silicon nitride film,
the concentration of hydrogen can be increased more easily
than in silicon oxide film. Thus, for instance, the first layer
34a and the second gate insulating film 44 are made of silicon
oxide film, and the second layer 345 is made of silicon nitride
film. This can facilitate increasing e.g. the amount of hydro-
gen included in the first gate insulating film 34.

In the case where the first layer 34a and the second layer
34b are made of silicon oxide film, for instance, an SiO, film
constituting the second layer 345 is formed to a thickness of
100 nm under the condition of high SiH,/N,O ratio after
forming the first gate electrode 33 and the second gate elec-
trode 43. Subsequently, the portion of the SiO, film located on
the second gate electrode 43 is etched away by photolithog-
raphy. Thus, the second layer 344 is formed from the Si0O,
film.

Next, an SiO, film constituting the first layer 34a and the
second gate insulating film 44 is formed to a thickness of 50
nm under the condition of low SiH,/N,O ratio. Thus, the first
gate insulating film 34 and the second gate insulating film 44
of the display device 112 are formed.

In the case where the first layer 34« is made of silicon oxide
film and the second layer 345 is made of silicon nitride film,
for instance, an SiN, film constituting the second layer 345 is
formed to a thickness of 100 nm after forming the first gate
electrode 33 and the second gate electrode 43. Subsequently,
the portion of the SiN,, film located on the second gate elec-
trode 43 is etched away by photolithography. Thus, the sec-
ond layer 345 is formed from the SiN, film.

Next, an SiO, film constituting the first layer 34a and the
second gate insulating film 44 is formed to a thickness of 50
nm under the condition of low SiH,/N,O ratio. Thus, the first
gate insulating film 34 and the second gate insulating film 44
of the display device 112 are formed.

FIG. 6 is a sectional view schematically showing an alter-
native display device according to the second embodiment.

As shown in FIG. 6, in the display device 114, the second
layer 34b is continuous with the second gate insulating film
44. The material of the second layer 345 is substantially the
same as the material of the second gate insulating film 44. Tn
this example, the second layer 345 and the second gate insu-
lating film 44 constitute a single continuous insulating layer
56. The thickness of the second layer 345 is substantially
equal to the thickness of the second gate insulating film 44.
The relationship between the thickness of the first layer 34a
and the thickness of the second layer 345 is e.g. opposite to
that of the display device 112.

Thus, the second layer 345 may be made continuous with
the second gate insulating film 44. In this case, for instance,
the second layer 345 and the second gate insulating film 44
are made of silicon oxide film, and the first layer 34a is made
of silicon nitride film. This can facilitate increasing e.g. the
amount of hydrogen included in the first gate insulating film
34. That is, the concentration of hydrogen of the first layer
34a can be made higher than the concentration of hydrogen of
the second layer 34 and the concentration of hydrogen of the
second gate insulating film 44.

Third Embodiment

FIG. 7 is a sectional view schematically showing a display
device according to a third embodiment.
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As shown in FIG. 7, in the display device 116, the thickness
of the first gate insulating film 34 is substantially equal to the
thickness of the second gate insulating film 44. In this
example, the concentration of hydrogen per unit volume of
the first gate insulating film 34 is higher than the concentra-
tion ofhydrogen per unit volume of the second gate insulating
film 44. That is, in this example, the material of the first gate
insulating film 34 is different from the material of the second
gate insulating film 44.

In this example, the concentration of hydrogen per unit
volume of the first gate insulating film 34 is e.g. 10°° atoms/
cm’ or more and 10*? atoms/cm” or less. The concentration of
hydrogen per unit volume of the second gate insulating film
44is e.g. 10*° atoms/cm? or more and 10" atoms/cm? or less.

Thus, in the first gate insulating film 34 and the second gate
insulating film 44, the thickness may be made substantially
equal, and the concentration of hydrogen may be made dif-
ferent. Also in the display device 116, as in the above embodi-
ments, the tolerance to the positive gate voltage can be
enhanced in the first transistor 21. The tolerance to the nega-
tive gate voltage can be enhanced in the second transistor 22.
Thus, a high reliability is achieved in the display device 116.

Fourth Embodiment

FIG. 8 is a sectional view schematically showing a display
device according to a fourth embodiment.

As shown in FIG. 8, in the display device 118, the first
transistor 21 and the second transistor 22 are different from
those of the above embodiments.

Also in the display device 118, the first transistor 21
includes a first semiconductor layer 30, a first conductive umt
31, a second conductive unit 32, a first gate electrode 33, and
a first gate insulating film 34. The first conductive unit 31 is
electrically connected to the first portion 30a. The second
conductive unit 32 is separated from the first conductive unit
31 and electrically connected to the second portion 305. The
first gate electrode 33 is separated from the first conductive
unit 31 and the second conductive unit 32, and opposes the
third portion 30c. The first gate insulating film 34 is provided
between the third portion 30¢ and the first gate electrode 33.

Also in the display device 118, the second transistor 22
includes a second semiconductor layer 40, a third conductive
unit 41, a fourth conductive unit 42, a second gate electrode
43, and a second gate insulating film 44. The third conductive
unit 41 is electrically connected to the fourth portion 40a. The
fourth conductive unit 42 is separated from the third conduc-
tive unit 41 and electrically connected to the fifth portion 404.
The second gate electrode 43 is separated from the third
conductive unit 41 and the fourth conductive unit 42, and
opposes the sixth portion 40c. The second gate insulating film
44 is provided between the sixth portion 40¢ and the second
gate electrode 43.

On the other hand, in the display device 118, in the first
transistor 21, the first semiconductor layer 30 is provided on
the barrier layer 51. The first gate insulating film 34 is pro-
vided on the first semiconductor layer 30. The first gate elec-
trode 33 is provided on the first gate insulating film 34. The
first conductive unit 31 is provided on the first portion 30a.
The second conductive unit 32 is provided on the second
portion 305.

Similarly, in the display device 118, in the second transistor
22, the second semiconductor layer 40 is provided on the
barrier layer 51. The second gate insulating film 44 is pro-
vided on the second semiconductor layer 40. The second gate
electrode 43 is provided on the second gate insulating film 44.
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The third conductive unit 41 is provided on the fourth portion
40a. The fourth conductive unit 42 is provided on the fifth
portion 405.

That is, in the display device 118, the first transistor 21 and
the second transistor 22 are of what is called the top gate type.
In the first transistor 21 and the second transistor 22 of the top
gate type, the amount of hydrogen included in the first gate
insulating film 34 is made larger than the amount of hydrogen
included in the second gate insulating film 44. For instance,
the first gate insulating film 34 is thickened. Alternatively, the
concentration of hydrogen of the first gate insulating film 34
is increased. Thus, also in the display device 118, the reliabil-
ity of the display device 118 can be enhanced as in the above
embodiments.

In this example, a protective layer 58 is provided on the
insulating layer 56. The first conductive unit 31, the second
conductive unit 32, the third conductive unit 41, and the
fourth conductive unit 42 are provided on the protective layer
58. The protective layer 58 is provided as necessary, and can
be omitted. The protective layer 58 can be made of e.g. the
material described with reference to the protective layer 52.

Fifth Embodiment

FIG. 9 is a sectional view schematically showing a semi-
conductor device according to a fifth embodiment.

As shown inFIG. 9, the semiconductor device 200 includes
a first transistor 21 and a second transistor 22. The first tran-
sistor 21 and the second transistor 22 can be one of those
described in the above embodiments.

In the semiconductor device 200, the amount of hydrogen
included in the first gate insulating film 34 is made larger than
the amount ofhydrogen included in the second gate insulating
film 44. This can enhance the reliability of the semiconductor
device 200.

The semiconductor device 200 is used to manufacture the
display device 110 and the like described in the above
embodiments. The semiconductor device 200 may be used in
other than display devices.

The embodiments provide a display device and a semicon-
ductor device having high reliability.

In this specification, “perpendicular” and “parallel” mean
not only being exactly perpendicular and exactly parallel, but
include, forinstance, variations in the manufacturing process,
and only need to mean being substantially perpendicular and
substantially parallel. In this specification, the state of being
“provided on” includes not only the state of being provided in
direct contact, but also the state of being provided with
another element interposed in between. The state of being
“stacked” includes not only the state of being stacked in
contact with each other, but also the state of being stacked
with another element interposed in between. The state of
being “opposed” includes not only the state of directly facing,
but also indirectly facing with another element interposed in
between. In this specification, “electrically connected”
includes not only the case of being connected by direct con-
tact, but also the case of being connected via another conduc-
tive member or the like.

The embodiments of the invention have been described
above with reference to examples.

However, the embodiments of the invention are not limited
to these examples. For instance, any specific configurations of
various components such as the first electrode, second elec-
trode, organic light emitting layer, first transistor, first semi-
conductor layer, first conductive unit, second conductive unit,
first gate electrode, first gate insulating film, second transis-
tor, second semiconductor layer, third conductive unit, fourth
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conductive unit, second gate electrode, second gate insulating
film, first layer, second layer, first channel protective film, and
second channel protective film included in the display device
and the semiconductor device are encompassed within the
scope of the invention as long as those skilled in the art can
similarly practice the invention and achieve similar effects by
suitably selecting such configurations from conventionally
known ones.

Furthermore, any two or more components of the examples
can be combined with each other as long as technically fea-
sible. Such combinations are also encompassed within the
scope of the invention as long as they fall within the spirit of
the invention.

Moreover, all display devices and semiconductor devices
practicable by an appropriate design modification by one
skilled in the art based on the display devices and the semi-
conductor devices described above as embodiments of the
invention also are within the scope of the invention to the
extent that the spirit of the invention is included.

Various other variations and modifications can be con-
ceived by those skilled in the art within the spirit of the
invention, and it is understood that such variations and modi-
fications are also encompassed within the scope of the inven-
tion.

While certain embodiments have been described, 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 depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the invention.

What is claimed is:

1. A display device comprising:

a first electrode being optical transparency;

a second electrode opposing the first electrode;

an organic light emitting layer provided between the first
electrode and the second electrode;

a first transistor including:

a first semiconductor layer including a first portion, a
second portion, and a third portion provided between
the first portion and the second portion;

a first conductive unit electrically connected to one of
the first electrode and the second electrode and elec-
trically connected to the first portion;

a second conductive unit separated from the first con-
ductive unit and electrically connected to the second
portion;

a first gate electrode separated from the first conductive
unit, the second conductive unit, and the first semi-
conductor layer, and the first gate electrode opposing
the third portion; and

a first gate insulating film provided between the third
portion and the first gate electrode; and

a second transistor including:

asecond semiconductor layer including a fourth portion,
a fifth portion, and a sixth portion provided between
the fourth portion and the fifth portion;

a third conductive unit electrically connected to one of
the first conductive unit, the second conductive unit,
and the first gate electrode and electrically connected
to the fourth portion;
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a fourth conductive unit separated from the third con-
ductive unit and electrically connected to the fifth
portion;

asecond gate electrode separated from the third conduc-
tive unit, the fourth conductive unit, and the second
semiconductor layer, and the second gate electrode
opposing the sixth portion; and

a second gate insulating film provided between the sixth
portion and the second gate electrode,

an amount of hydrogen included in the first gate insulating

film being larger than an amount of hydrogen included in

the second gate insulating film.

2. The device according to claim 1, wherein a thickness of
the first gate insulating film is thicker than a thickness of the
second gate insulating film.

3. The device according to claim 2, wherein the second gate
insulating film is continuous with the first gate insulating film.

4. The device according to claim 2, wherein

the thickness of the first gate insulating film is 10 nm or

more and 1000 nm or less, and

the thickness of the second gate insulating film is 5 nm or

more and 500 nm or less.

5. The device according to claim 1, wherein a concentra-
tion of hydrogen per unit volume of the first gate insulating
film is higher than a concentration of hydrogen per unit vol-
ume of the second gate insulating film.

6. The device according to claim 5, wherein

the concentration of hydrogen per unit volume of the first

gate insulating film is 10°° atoms/cm® or more and 10>

atoms/cm® or less, and

the concentration of hydrogen per unit volume of the sec-

ond gate insulating film is 10'® atoms/cm® or more and

10* atoms/cm’ or less.

7. The device according to claim 1, wherein the first gate
insulating film and the second gate insulating film include at
least one of silicon oxide film, silicon nitride film, and silicon
oxynitride film.

8. The device according to claim 1, wherein the first gate
insulating film includes a first layer and a second layer pro-
vided between the first gate electrode and the first layer.

9. The device according to claim 8, wherein

the first layer includes silicon oxide film and the second

layer includes silicon nitride film, or the first layer

includes silicon nitride film and the second layer
includes silicon oxide film.

10. The device according to claim 8, wherein the first layer
is continuous with the second gate insulating film.

11. The device according to claim 10, wherein

the first layer includes silicon oxide film,

the second layer includes silicon nitride film, and

the second gate insulating film includes silicon oxide film.

12. The device according to claim 10, wherein a concen-
tration of hydrogen of the second layer is higher than a con-
centration of hydrogen of the first layer and a concentration of
hydrogen of the second gate insulating film.

13. The device according to claim 8, wherein the second
layer is continuous with the second gate insulating film.

14. The device according to claim 13, wherein

the first layer includes silicon nitride film,

the second layer includes silicon oxide film, and

the second gate insulating film includes silicon oxide film.

15. The device according to claim 13, wherein a concen-
tration of hydrogen of the first layer is higher than a concen-
tration of hydrogen of the second layer and a concentration of
hydrogen of the second gate insulating film.
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16. The device according to claim 1, wherein the first
semiconductor layer and the second semiconductor layer
include an oxide including indium and at least one of gallium,
zing, tin, and silicon.

17. The device according to claim 1, wherein

the first transistor further includes a first channel protective

film,

the first gate insulating film is provided on the first gate

electrode,

the first semiconductor layer is provided on the first gate

insulating film,

the first channel protective film is provided on the third

portion,

the first conductive unit is provided on at least the first

portion,

the second conductive unit is provided on at least the sec-

ond portion,

the second transistor further includes a second channel

protective film,

the second gate insulating film is provided on the second

gate electrode,

the second semiconductor layer is provided on the second

gate insulating film,

the second channel protective film is provided on the sixth

portion,

the third conductive unit is provided on at least the fifth

portion, and

the fourth conductive unit is provided on at least the sixth

portion.

18. The device according to claim 1, wherein

the first gate insulating film is provided on the first semi-

conductor layer,

the first gate electrode is provided on the first gate insulat-

ing film,

the first conductive unit is provided on the first portion,

the second conductive unit is provided on the second por-

tion,

the second gate insulating film is provided on the second

semiconductor layer,

the second gate electrode is provided on the second gate

insulating film,

the third conductive unit is provided on the fourth portion,

and

the fourth conductive unit is provided on the fifth portion.
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19. The device according to claim 18, further comprising:

a protective layer provided on the first gate insulating film
and on the second gate insulating film,

wherein each of the first conductive unit, the second con-
ductive unit, the third conductive unit, and the fourth
conductive unit is provided on the protective layer.

20. A semiconductor device comprising:

a first transistor including:

a first semiconductor layer including a first portion, a
second portion, and a third portion provided between
the first portion and the second portion;

a first conductive unit electrically connected to the first
portion;

a second conductive unit separated from the first con-
ductive unit and electrically connected to the second
portion;

a first gate electrode separated from the first conductive
unit, the second conductive unit, and the first semi-
conductor layer, and the first gate electrode opposing
the third portion; and

a first gate insulating film provided between the third
portion and the first gate electrode; and

a second transistor including:

asecond semiconductor layer including a fourth portion,
a fifth portion, and a sixth portion provided between
the fourth portion and the fifth portion;

a third conductive unit electrically connected to one of
the first conductive unit, the second conductive unit,
and the first gate electrode and electrically connected
to the fourth portion;

a fourth conductive unit separated from the third con-
ductive unit and electrically connected to the fifth
portion;

asecond gate electrode separated from the third conduc-
tive unit, the fourth conductive unit, and the second
semiconductor layer, and the second gate electrode
opposing the sixth portion; and

a second gate insulating film provided between the sixth
portion and the second gate electrode,

an amount of hydrogen included in the first gate insulating
film being larger than an amount of hydrogen included in
the second gate insulating film.
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