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(57) ABSTRACT

A display device includes a driving transistor and an organic
EL element. The driving transistor includes an oxide semi-
conductor layer; a first gate electrode that includes a region
overlapping the oxide semiconductor layer; a first insulating
layer between the first gate electrode and the oxide semi-
conductor layer; a second gate electrode that includes a
region overlapping the oxide semiconductor layer and the
first gate electrode; a second insulating layer between the
second gate electrode and the oxide semiconductor layer;
and a first and a second transparent conductive layer that are
provided between the oxide semiconductor layer and the
first insulating layer and each include a region contacting the
oxide semiconductor layer. The organic EL element includes
a first electrode; a second electrode; a light emitting layer
between the first electrode and the second electrode; and an
electron transfer layer between the light emitting layer and
the first electrode.
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DISPLAY DEVICE INCLUDING DUAL GATE
OXIDE SEMICONDUCTOR TRANSISTOR

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This is a continuation of U.S. patent application
Ser. No. 16/100,145 filed on Aug. 9, 2018, which is a
continuation of U.S. patent application Ser. No. 15/721,271
filed on Sep. 29, 2017, which claims priority from Japanese
Patent Application No. 2017-107278 filed on May 31, 2017.
The contents of these applications are incorporated herein by
reference in its entirety.

FIELD

[0002] The present invention relates to a structure of a
display device. An embodiment of the present invention
relates to a structure of a transistor and a display element
included in a pixel of a display device.

BACKGROUND

[0003] An active matrix display device includes a display
element and a transistor driving the display element that are
provided in each of pixels thereof. Usable as the display
element is a liquid crystal element including a pair of
electrodes and a liquid crystal layer provided between the
pair of electrodes or an organic electroluminescence element
(hereinafter, referred to as an “organic EL element”) includ-
ing a cathode electrode, an anode electrode and a layer that
is provided between the cathode electrode and the anode
electrode and contains an organic electroluminescence mate-
rial. The transistor is formed of an amorphous silicon
semiconductor or a polycrystalline silicon semiconductor.
Recently, a thin film transistor formed of an oxide semicon-
ductor is also used.

[0004] For example, a display device including an organic
EL element and a driving transistor that includes a semi-
conductor layer formed of silicon, a gate insulating layer and
a gate electrode is disclosed (e.g., Japanese Laid-Open
Patent Publication No. 2007-053286). Also, a display device
including an organic EL element and a transistor driving the
organic EL element that are integrally formed of an oxide
semiconductor is disclosed (e.g., Japanese Laid-Open Patent
Publication No. 2014-154382).

SUMMARY

[0005] A display device in an embodiment according to
the present invention includes a substrate; and a plurality of
pixels provided on the substrate. The plurality of pixels each
include a driving transistor and an organic EL, element
electrically connected with the driving transistor. The driv-
ing transistor includes an oxide semiconductor layer; a first
gate electrode including a region overlapping the oxide
semiconductor layer, the first gate electrode being provided
on a surface of the oxide semiconductor layer facing the
substrate; a first insulating layer provided between the first
gate electrode and the oxide semiconductor layer; a second
gate electrode including a region overlapping the oxide
semiconductor layer and the first gate electrode, the second
gate electrode being provided on a surface of the oxide
semiconductor layer opposite to the surface facing the
substrate; a second insulating layer provided between the
second gate electrode and the oxide semiconductor layer;
and a first transparent conductive layer and a second trans-
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parent conductive layer provided between the oxide semi-
conductor layer and the first insulating layer, the first trans-
parent conductive layer and the second transparent
conductive layer each including a region in contact with the
oxide semiconductor layer. The organic EL element includes
a light-transmissive first electrode; a second electrode pro-
vided to face the first electrode; a light emitting layer
provided between the first electrode and the second elec-
trode; and an electron transfer layer provided between the
light emitting layer and the first electrode. The first electrode
is continuous from the first transparent conductive layer.

[0006] A display device in an embodiment according to
the present invention includes a substrate; and a plurality of
pixels provided on the substrate. The plurality of pixels each
include a driving transistor and an organic EL element
electrically connected with the driving transistor. The driv-
ing transistor includes an oxide semiconductor layer; a first
gate electrode including a region overlapping the oxide
semiconductor layer, the first gate electrode being provided
on a surface of the oxide semiconductor layer facing the
substrate; a first insulating layer provided between the first
gate electrode and the oxide semiconductor layer; a second
gate electrode including a region overlapping the oxide
semiconductor layer and the first gate electrode, the second
gate electrode being provided on a surface of the oxide
semiconductor layer opposite to the surface facing the
substrate; and a second insulating layer provided between
the second gate electrode and the oxide semiconductor layer.
The organic EL element includes a light-transmissive first
electrode; a second electrode provided to face the first
electrode; a light emitting layer provided between the first
electrode and the second electrode; and an electron transfer
layer provided between the light emitting layer and the first
electrode. The first electrode is continuous from the first
transparent conductive layer.

BRIEF DESCRIPTION OF DRAWINGS

[0007] FIG.11is a cross-sectional view showing a structure
of a transistor in an embodiment according to the present
invention;

[0008] FIG. 2A shows a method for producing the tran-
sistor in an embodiment according to the present invention,
and shows a stage of forming a first gate electrode;

[0009] FIG. 2B shows the method for producing the
transistor in an embodiment according to the present inven-
tion, and shows a stage of forming a first insulating layer, a
transparent conductive film, and an oxide semiconductor
layer;

[0010] FIG. 3A shows the method for producing the
transistor in an embodiment according to the present inven-
tion, and shows a stage of exposure performed by use of a
multi-gradation photomask;

[0011] FIG. 3B shows the method for producing the tran-
sistor in an embodiment according to the present invention,
and shows a stage where a resist mask is formed;

[0012] FIG. 4A shows the method for producing the
transistor in an embodiment according to the present inven-
tion, and shows a stage of etching a second conductive film
and a third conductive film;

[0013] FIG. 4B shows the method for producing the
transistor in an embodiment according to the present inven-
tion, and shows a stage of etching the third conductive film;
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[0014] FIG. 5A shows the method for producing the
transistor in an embodiment according to the present inven-
tion, and shows a stage of forming an oxide semiconductor
layer;

[0015] FIG. 5B shows the method for producing the
transistor in an embodiment according to the present inven-
tion, and shows a stage of forming a second insulating layer
and a fourth conductive film;

[0016] FIG. 6 is a plan view showing a structure of a
display device in an embodiment according to the present
invention;

[0017] FIG. 7 shows an equivalent circuit of a pixel in the
display device in an embodiment according to the present
invention;

[0018] FIG. 81s a plan view showing a structure of a pixel
in the display device in an embodiment according to the
present invention;

[0019] FIG. 9A is a cross-sectional view showing the
structure of the pixel in the display device in an embodiment
according to the present invention, taken along line A1-A2
in FIG. 8;

[0020] FIG. 9B is a cross-sectional view showing the
structure of the pixel in the display device in an embodiment
according to the present invention, taken along line B1-B2
in FIG. §;

[0021] FIG. 10A shows a structure of a display device and
an influence of charges during an operation of the display
device;

[0022] FIG. 10B shows a period in which a signal is
applied to a gate electrode during the operation of the
display device;

[0023] FIG. 11A shows a cross-sectional structure of a
transistor in an embodiment according to the present inven-
tion;

[0024] FIG. 11B shows a cross-sectional structure of a
transistor in an embodiment according to the present inven-
tion;

[0025] FIG. 12 is a plan view showing a method for
producing the display device in an embodiment according to
the present invention;

[0026] FIG. 13A is a cross-sectional view showing the
method for producing the display device in an embodiment
according to the present invention, taken along line A1-A2
in FIG. 12;

[0027] FIG. 13B is a cross-sectional view showing the
method for producing the display device in an embodiment
according to the present invention, taken along line B1-B2
in FIG. 12;

[0028] FIG. 14A is a cross-sectional view showing the
method for producing the display device in an embodiment
according to the present invention, taken along line A1-A2
in FIG. 12;

[0029] FIG. 14B is a cross-sectional view showing the
method for producing the display device in an embodiment
according to the present invention, taken along line B1-B2
in FIG. 12;

[0030] FIG. 15 is a plan view showing the method for
producing the display device in an embodiment according to
the present invention;

[0031] FIG. 16A is a cross-sectional view showing the
method for producing the display device in an embodiment
according to the present invention, taken along line A1-A2
in FIG. 15;

Nov. 7,2019

[0032] FIG. 16B is a cross-sectional view showing the
method for producing the display device in an embodiment
according to the present invention, taken along line B1-B2
in FIG. 15;

[0033] FIG. 17 is a plan view showing a method for
producing the display device in an embodiment according to
the present invention;

[0034] FIG. 18A is a cross-sectional view showing the
method for producing the display device in an embodiment
according to the present invention, taken along line A1-A2
in FIG. 17,

[0035] FIG. 18B is a cross-sectional view showing the
method for producing the display device in an embodiment
according to the present invention, taken along line B1-B2
in FIG. 17,

[0036] FIG. 19 is a plan view showing the method for
producing the display device in an embodiment according to
the present invention;

[0037] FIG. 20A is a cross-sectional view showing the
method for producing the display device in an embodiment
according to the present invention, taken along line A1-A2
in FIG. 19;

[0038] FIG. 20B is a cross-sectional view showing the
method for producing the display device in an embodiment
according to the present invention, taken along line B1-B2
in FIG. 19;

[0039] FIG. 21A is a cross-sectional view showing the
method for producing the display device in an embodiment
according to the present invention, taken along line A1-A2
in FIG. 19;

[0040] FIG. 21B is a cross-sectional view showing the
method for producing the display device in an embodiment
according to the present invention, taken along line B1-B2
in FIG. 19;

[0041] FIG. 22A is a cross-sectional view showing the
method for producing the display device in an embodiment
according to the present invention, taken along line A1-A2
in FIG. 19;

[0042] FIG. 22B is a cross-sectional view showing the
method for producing the display device in an embodiment
according to the present invention, taken along line B1-B2
in FIG. 19;

[0043] FIG. 23A is a cross-sectional view showing a
method for producing a display device in an embodiment
according to the present invention, taken along line A1-A2
in FIG. 19;

[0044] FIG. 23B is a cross-sectional view showing the
method for producing the display device in an embodiment
according to the present invention, taken along line B1-B2
in FIG. 19;

[0045] FIG. 24A is a cross-sectional view showing a
method for producing a display device in an embodiment
according to the present invention, taken along line A1-A2
in FIG. 19;

[0046] FIG. 24B is a cross-sectional view showing the
method for producing the display device in an embodiment
according to the present invention, taken along line B1-B2
in FIG. 19;

[0047] FIG. 25A is a cross-sectional view showing a
method for producing a display device in an embodiment

according to the present invention, taken along line A1-A2
in FIG. 19;
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[0048] FIG. 25B is a cross-sectional view showing the
method for producing the display device in an embodiment
according to the present invention, taken along line B1-B2
in FIG. 19;

[0049] FIG. 26 is a plan view showing a method for
producing a display device in an embodiment according to
the present invention;

[0050] FIG. 27A is a cross-sectional view showing the
method for producing the display device in an embodiment
according to the present invention, taken along line A3-A4
in FIG. 26;

[0051] FIG. 27B is a cross-sectional view showing the
method for producing the display device in an embodiment
according to the present invention, taken along line B3-B4
in FIG. 26;

[0052] FIG. 28A is a cross-sectional view showing a
method for producing a display device in an embodiment
according to the present invention, taken along line A3-A4
in FIG. 26;

[0053] FIG. 28B is a cross-sectional view showing the
method for producing the display device in an embodiment
according to the present invention, taken along line B3-B4
in FIG. 26;

[0054] FIG. 29 is a plan view showing a method for
producing the display device in an embodiment according to
the present invention;

[0055] FIG. 30A is a cross-sectional view showing the
method for producing the display device in an embodiment
according to the present invention, taken along line A3-A4
in FIG. 29;

[0056] FIG. 30B is a cross-sectional view showing the
method for producing the display device in an embodiment
according to the present invention, taken along line B3-B4
in FIG. 29;

[0057] FIG. 31A is a cross-sectional view showing the
method for producing the display device in an embodiment
according to the present invention, taken along line A3-Ad
in FIG. 29;

[0058] FIG. 31B is a cross-sectional view showing the
method for producing the display device in an embodiment
according to the present invention, taken along line B3-B4
in FIG. 29;

[0059] FIG. 32A is a cross-sectional view showing the
method for producing the display device in an embodiment
according to the present invention, taken along line A3-A4
in FIG. 29;

[0060] FIG. 32B is a cross-sectional view showing the
method for producing the display device in an embodiment
according to the present invention, taken along line B3-B4
in FIG. 29;

[0061] FIG. 33A is a cross-sectional view showing the
method for producing the display device in an embodiment
according to the present invention, taken along line A3-A4
in FIG. 29;

[0062] FIG. 33B is a cross-sectional view showing the
method for producing the display device in an embodiment
according to the present invention, taken along line B3-B4
in FIG. 29,

[0063] FIG. 34 is a plan view showing the method for
producing the display device in an embodiment according to
the present invention;
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[0064] FIG. 35A is a cross-sectional view showing the
method for producing the display device in an embodiment
according to the present invention, taken along line A3-Ad
in FIG. 34;

[0065] FIG. 35B is a cross-sectional view showing the
method for producing the display device in an embodiment
according to the present invention, taken along line B3-B4
in FIG. 34;

[0066] FIG. 36A is a cross-sectional view showing the
method for producing the display device in an embodiment
according to the present invention, taken along line A3-Ad
in FIG. 34;

[0067] FIG. 36B is a cross-sectional view showing the
method for producing the display device in an embodiment
according to the present invention, taken along line B3-B4
in FIG. 34;

[0068] FIG. 37A is a cross-sectional view showing a
method for producing a display device in an embodiment
according to the present invention, taken along line A3-Ad
in FIG. 34;

[0069] FIG. 37B is a cross-sectional view showing the
method for producing the display device in an embodiment
according to the present invention, taken along line B3-B4
in FIG. 34;

[0070] FIG. 38 is a plan view showing a structure of a
pixel in a display device in an embodiment according to the
present invention;

[0071] FIG. 39 is a cross-sectional view showing the
structure of the pixel in the display device in an embodiment
according to the present invention, taken along line A5-A6
in FIG. 38;

[0072] FIG. 40 is a plan view showing a structure of a
pixel in a display device in an embodiment according to the
present invention;

[0073] FIG. 41A is a cross-sectional view showing the
structure of the pixel in the display device in an embodiment
according to the present invention, taken along line A7-A8
in FIG. 40;

[0074] FIG. 41B is a cross-sectional view showing the
structure of the pixel in the display device in an embodiment
according to the present invention, taken along line B5-B6
in FIG. 40;

[0075] FIG. 42 is a plan view showing a structure of a
pixel in a display device in an embodiment according to the
present invention;

[0076] FIG. 43 is a cross-sectional view showing the
structure of the pixel in the display device in an embodiment
according to the present invention, taken along line A9-A10
in FIG. 42;

[0077] FIG. 44 is a plan view showing a structure of a
pixel in a display device in an embodiment according to the
present invention;

[0078] FIG. 45A is a cross-sectional view showing the
structure of the pixel in the display device in an embodiment
according to the present invention, taken along line All-
Al2 in FIG. 44;

[0079] FIG. 45B is a cross-sectional view showing the
structure of the pixel in the display device in an embodiment
according to the present invention, taken along line B7-B8
in FIG. 44;

[0080] FIG. 46 is a plan view showing a method for
producing a transistor in an embodiment according to the
present invention, and shows a process of directing lase light
to decrease a resistance of the oxide semiconductor layer;
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[0081] FIG. 47A is a cross-sectional view showing a
method for producing a transistor in an embodiment accord-
ing to the present invention, and shows a process of directing
the laser light from the second gate electrode side;

[0082] FIG. 47B is a cross-sectional view showing a
method for producing a transistor in an embodiment accord-
ing to the present invention, and shows a process of directing
the laser light from the first gate electrode side;

[0083] FIG. 48A is a cross-sectional view showing a
method for producing a transistor in an embodiment accord-
ing to the present invention, and shows a process of directing
the laser light from the second gate electrode side;

[0084] FIG. 48B is a cross-sectional view showing a
method for producing a transistor in an embodiment accord-
ing to the present invention, and shows a process of directing
the laser light from the first gate electrode side;

[0085] FIG. 49 is a plan view showing a structure of a
pixel in a display device in an embodiment according to the
present invention;

[0086] FIG. 50A is a cross-sectional view showing the
structure of the pixel in the display device in an embodiment
according to the present invention, taken along line A13-
Al4 in FIG. 49;

[0087] FIG. 50B is a cross-sectional view showing the
structure of the pixel in the display device in an embodiment
according to the present invention, taken along line B9-B10
in FIG. 49;

[0088] FIG. 51 is a plan view showing a structure of a
pixel in a display device in an embodiment according to the
present invention;

[0089] FIG. 52A is a cross-sectional view showing the
structure of the pixel in the display device in an embodiment
according to the present invention, taken along line A15-
Al6 in FIG. 51;

[0090] FIG. 52B is a cross-sectional view showing the
structure of the pixel in the display device in an embodiment
according to the present invention, taken along line B11-B12
in FIG. 51;

[0091] FIG. 53A is a cross-sectional view showing a
structure of a pixel in a display device in an embodiment
according to the present invention, taken along line A15-
Al6 in FIG. 51;

[0092] FIG. 53B is a cross-sectional view showing the
structure of the pixel in the display device in an embodiment
according to the present invention, taken along line B11-B12
in FIG. 51;

[0093] FIG. 54 is a plan view showing a structure of a
pixel in a display device in an embodiment according to the
present invention;

[0094] FIG. 55A is a cross-sectional view showing the
structure of the pixel in the display device in an embodiment
according to the present invention, taken along line A17-
A18 in FIG. 54;

[0095] FIG. 55B is a cross-sectional view showing the
structure of the pixel in the display device in an embodiment
according to the present invention, taken along line B13-
B14 in FIG. 54;

[0096] FIG. 56A is a cross-sectional view showing a
structure of a pixel in a display device in an embodiment
according to the present invention, taken along line A17-
Al8 in FIG. 54;
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[0097] FIG. 56B is a cross-sectional view showing the
structure of the pixel in the display device in an embodiment
according to the present invention, taken along line B13-
B14 in FIG. 54;

[0098] FIG. 57 is a plan view showing a structure of a
pixel in a display device in an embodiment according to the
present invention;

[0099] FIG. 58A is a cross-sectional view showing the
structure of the pixel in the display device in an embodiment
according to the present invention, taken along line A19-
A20 in FIG. 57;

[0100] FIG. 58B is a cross-sectional view showing the
structure of the pixel in the display device in an embodiment
according to the present invention, taken along line B15-
B16 in FIG. 57,

[0101] FIG. 59 is a plan view showing a structure of a
pixel in a display device in an embodiment according to the
present invention;

[0102] FIG. 60A is a cross-sectional view showing the
structure of the pixel in the display device in an embodiment
according to the present invention, taken along line A21-
A22 in FIG. 59;

[0103] FIG. 60B is a cross-sectional view showing the
structure of the pixel in the display device in an embodiment
according to the present invention, taken along line B17-
B18 in FIG. 59;

[0104] FIG. 61A is a cross-sectional view showing a
structure of a pixel in a display device in an embodiment
according to the present invention, taken along line A21-
A22 in FIG. 59;

[0105] FIG. 61B is a cross-sectional view showing the
structure of the pixel in the display device in an embodiment
according to the present invention, taken along line B17-
B18 in FIG. 59;

[0106] FIG. 62A is a cross-sectional view showing a
structure of a pixel in a display device in an embodiment
according to the present invention, taken along line A19-
A20 in FIG. 57; and

[0107] FIG. 62B is a cross-sectional view showing the
structure of the pixel in the display device in an embodiment
according to the present invention, taken along line B15-
B16 in FIG. 57.

DESCRIPTION OF EMBODIMENTS

[0108] Hereinafter, embodiments of the present invention
will be described with reference to the drawings and the like.
The present invention may be carried out in various embodi-
ments, and should not be construed as being limited to any
of the following embodiments. In the drawings, components
may be shown schematically regarding the width, thickness,
shape and the like, instead of being shown in accordance
with the actual sizes, for the sake of clear illustration. The
drawings are merely examples and do not limit the present
invention in any way. In the specification and the drawings,
components that are substantially the same as those
described or shown previously bear the identical reference
signs thereto (or the identical reference signs followed by
letters “a”, “b” or the like), and detailed descriptions thereof
may be omitted. The terms “first”, “second” and the like
used for elements are merely provided for distinguishing the
elements and do not have any other significance unless
otherwise specified.

[0109] In the specification and the claims, an expression
that a component is “on” another component encompasses a
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case where such a component is in contact with the another
component and also a case where such a component is above
or below the another component, namely, a case where still
another component is provided between such a component
and the another component, unless otherwise specified.
[0110] In order to increase the productivity of display
devices, it is needed to shorten the time from when a
transparent insulating substrate is prepared until an active
matrix element substrate is completed. However, for pro-
ducing an active matrix element substrate including a
complementary circuit that includes a transistor formed of
polycrystalline silicon, eight or more photomasks are
required. Polycrystalline silicon films produced by laser
annealing are varied in the crystallinity, and thus have a
problem of deteriorating the display quality when being used
for a driving transistor.

[0111] In the meantime, a transistor formed of an oxide
semiconductor requires precise control on the cartier con-
centration. An oxide semiconductor is a type of compound
semiconductor containing a plurality of metal oxides, and
thus requires, in a production process thereof, control on the
composition, on the oxygen deficiency, and on impurities. In
order to control the carrier concentration of a channel by
contriving the device structure, it is effective to provide a
back gate. However, this has problems of complicating the
structure and increasing the number of photomasks needed
to produce the device.

[0112] In the case where the driving transistor is formed of
oxide semiconductor, a drain of the transistor is connected
with a cathode of the organic EL element. Therefore, an
electron transfer layer of the organic EL element needs to be
formed before a light emitting element; namely, the organic
EL element needs to have a so-called inverted stack struc-
ture. The organic EL element of an inverted stack structure
has a problem of not having characteristics equivalent to the
characteristics of an organic EL element having a normal
stack structure, in which the light emitting layer is stacked
on a hole transfer layer. Some of the embodiments described
below provide a display device solving one or a plurality of
these problems.

Embodiment 1

1-1. Transistor Structure

[0113] FIG. 11is a cross-sectional view showing a structure
of a transistor 100a in embodiment 1 according to the
present invention. The transistor 100a includes a first gate
electrode 104, a first insulating layer 106, an oxide semi-
conductor layer 112, a second insulating layer 114, and a
second gate electrode 116, which are provided on a substrate
102 having an insulating surface.

[0114] The first gate electrode 104 is located to face one of
two main surfaces of the oxide semiconductor layer 112
(surface facing the substrate 102). The first insulating layer
106 is located between the oxide semiconductor layer 112
and the first gate electrode 104. The second gate electrode
116 is located to face the other main surface of the oxide
semiconductor layer 112 (surface opposite to the surface
facing the substrate 102). The second insulating layer 114 is
located between the oxide semiconductor layer 112 and the
second gate electrode 116. The first gate electrode 104 and
the second gate electrode 116 are located to partially overlap
each other while having the first insulating layer 106, the
oxide semiconductor layer 112 and the second insulating
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layer 114 between the first gate electrode 104 and the second
gate electrode 116. In the transistor 100a, a channel is
formed in a region where the oxide semiconductor layer 112
overlaps the first gate electrode 104 and the second gate
electrode 116. The first insulating layer 106 acts as a gate
insulating film in a region where the oxide semiconductor
layer 112 and the first gate electrode 104 overlap each other.
The second insulating layer 114 acts as a gate insulating film
in a region where the oxide semiconductor layer 112 and the
second gate electrode 116 overlap each other.

[0115] A first transparent conductive layer 108a and a
second transparent conductive layer 108b are located
between the oxide semiconductor layer 112 and the first
insulating layer 106. The first transparent conductive layer
108a and the second transparent conductive layer 1085 are
provided in contact with the oxide semiconductor layer 112.
The first transparent conductive layer 1084 and the second
transparent conductive layer 1085 are located such that one
end of the first transparent conductive layer 108a and one
end of the second transparent conductive layer 10856 overlap
the first gate electrode 104 and the second gate electrode
116. One of the first transparent conductive layer 1084 and
the second transparent conductive layer 1085 acts as a
source region, and the other of the first transparent conduc-
tive layer 108a and the second transparent conductive layer
1085 acts as a drain region. In the structure shown in FIG.
1, the one ends of the first transparent conductive layer 108a
and the second transparent conductive layer 1085 overlap
the first gate electrode 104 and the second gate electrode
116. Therefore, the oxide semiconductor layer 112 does not
include any offset region (region having a high resistance).
Thus, the level of on-current is increased.

[0116] A first line 110a is provided in contact with the first
transparent conductive layer 1084, and a second line 1105 is
provided in contact with the second transparent conductive
layer 1085. The first line 110qa is located between the first
transparent conductive layer 108a and the oxide semicon-
ductor layer 112, and the second line 1106 is located
between the second transparent conductive layer 1085 and
the oxide semiconductor layer 112. The first line 110 and
the second line 1105 are respectively located in contact with
the first transparent conductive layer 1084 and the second
transparent conductive layer 10856. This decreases the num-
ber of photolithography steps as described below. In the
transistor 100a in this embodiment, A region where a
channel is formed in the oxide semiconductor layer 112 is
separated from the first line 110a or the second line 1105.
Therefore, the oxide semiconductor layer 112 is prevented
from being contaminated with a metal material usable for
the first line 110a and the second line 1105.

1-2. Operations and Functions of the Transistor

[0117] In the transistor 100a, the first gate electrode 104 is
located to face one of the two main surfaces of the oxide
semiconductor layer 112, and the second gate electrode 116
is located to face the other main surface of the oxide
semiconductor layer 112. With such a structure, a constant
potential (fixed potential) may be applied to one of the first
gate electrode 104 and the second gate electrode 116, so that
either one of the first gate electrode 104 and the second first
gate electrode 116 act as a back gate. The transistor 100q is
substantially of an n-channel type. Therefore, for example,
one of the first gate electrode 104 and the second gate
electrode 116 may be supplied with a potential lower than a
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source potential, so that the gate electrode supplied with
such a potential acts as a back gate electrode. Thus, a
threshold voltage of the transistor 100a is controlled. The
first gate electrode 104 and the second gate electrode 116 of
the transistor 100a may be supplied with the same gate
voltage, so that the transistor 100a acts as a dual gate
transistor. Thus, the transistor 100a increases the level of
on-current and improves the frequency characteristics.

1-3. Oxide Semiconductor Layer

[0118] The oxide semiconductor layer 112 contains one or
a plurality of elements selected from indium (In), zinc (Zn),
gallium (Ga), tin (Sn), aluminum (Al), and magnesium
(Mg). For example, an oxide semiconductor material used to
form the oxide semiconductor layer 112 may be a four-
component oxide material, a three-component oxide mate-
rial, a two-component oxide material or a one-component
oxide material showing semiconductor characteristics.
Examples of the four-component oxide material include an
In,0,—Ga,0;—Sn0,—7ZnO-based oxide material and the
like. Examples of the three-component oxide material
include an In,0,—Ga,0,—Zn0-based oxide material, an
In,0,—SnO,—7ZnO-based oxide material, an In,0,—
Al,O,—7Zn0-based oxide material, a Ga,0;—Sn0O,—7Zn0-
based oxide material, a Ga,0;—Al,0,—7n0O-based oxide
material, an SnO,—Al,O;—7Zn0-based oxide material, and
the like. Examples of the two-component oxide material
include an In,0;—7Zn0O-based oxide material, an SnO,—
ZnO-based oxide material, an Al,O,—ZnO-based oxide
material, an MgO—ZnO-based oxide material, an SnO,—
MgO-based oxide material, an In,0,—MgO-based oxide
material, and the like. Examples of the one-component oxide
material include an In,0;-based metal oxide material, an
Sn0,-based metal oxide material, a ZnO-based metal oxide
material, and the like. The above-listed oxide semiconduc-
tors may include silicon (Si), nickel (Ni), tungsten (W),
hafnium (Hf), or titanium (Ti). For example, the In—Ga—
Zn—O0-based oxide material is an oxide material containing
at least In, Ga and Zn. There is no specific limitation on the
composition ratio thereof. In other words, the oxide semi-
conductor layer 112 may be formed of a thin film repre-
sented by chemical formula InMO;(Zn0),, (m>0). M rep-
resents one or a plurality of metal elements selected from
Ga, Al, Mg, Ti, Ta, W, Hf and Si. The oxide material
contained in each of the four-component oxide materials, the
three-component oxide materials, the two-component oxide
materials and one-component oxide materials listed above is
not limited to having a stoichiometric composition, but may
have a composition shifted from the stoichiometric compo-
sition.

[0119] The oxide semiconductor layer 112 is formed by
sputtering. For example, the oxide semiconductor layer 112
may be formed by use of a sputtering target compatible to
any of the four-component oxide materials, the three-com-
ponent oxide materials, the two-component oxide materials
and the one-component oxide materials listed above and also
by use of, as sputtering gas, noble gas such as argon (Ar),
xenon (Xe) or the like or mixed gas of noble gas and oxygen
(0.

[0120] The oxide semiconductor layer 112 desirably has a
carrier concentration of about 1x10"%/cm? to 5x10'%/cm® in
order to form a channel layer of the transistor 100a. As long
as the carrier concentration of the oxide semiconductor layer
112 is in this range, a normally-off transistor is formed. In
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addition, an on-current/off-current ratio (on/off ratio) of
about 107 to 10'° is provided.

1-4. Transparent Conductive Layers

[0121] The first transparent conductive layer 108 and the
second transparent conductive layer 1085 are formed of a
metal oxide material, a metal nitride material, or a metal
oxide nitride material, all of which are conductive.
Examples of the metal nitride material usable for the first
transparent conductive layer 108a and the second transpar-
ent conductive layer 1085 include indium tin oxide (In,O;.
SnO,:ITO), indium zinc oxide (In,0,.Zn0:170), and tin
oxide (SnO,). Such a metal oxide material forms a good
ohmic contact with the oxide semiconductor layer 112.

[0122] Examples of the metal oxide material usable for the
first transparent conductive layer 108a and the second
transparent conductive layer 1086 also include titanium
oxide (TiO,) and the like. Examples of the metal nitride
material usable for the first transparent conductive layer
1082 and the second transparent conductive layer 1085
include titanium nitride (TiN), zirconium nitride (ZrN ),
and the like. Examples of the metal oxide nitride material
usable for the first transparent conductive layer 1084 and the
second transparent conductive layer 1085 include titanium
oxide nitride (TiO,N,), tantalum oxide nitride (TaO,N,),
zirconium oxide nitride (ZrO,N), hafnium oxide nitride
(HfO,N,), and the like. The metal oxide materials, the metal
nitride materials, and the metal oxide nitride materials
described above may contain trace amount of metal element
in order to improve the conductivity. For example, titanium
oxide doped with niobium (TiO_:Nb) may be used. Use of
such a metal oxide material, such a metal nitride material, or
such a metal oxide nitride material guarantees stability even
in the case where the first transparent conductive layer 108a
and the second transparent conductive layer 1086 are in
contact with the first line 110¢ and the second line 1104,
respectively. Namely, use of such a metal oxide material,
such a metal nitride material, or such a metal oxide nitride
material prevents an oxidation-reduction reaction (local cell
reaction) with aluminum (Al) having a lower potential.

1-5. Insulating Layers

[0123] The first insulating layer 106 and the second insu-
lating layer 114 are formed of an inorganic insulating
material. Examples of the inorganic insulating material
usable for the first insulating layer 106 and the second
insulating layer 114 include silicon oxide, silicon nitride,
silicon oxide nitride, aluminum oxide, and the like. The first
insulating layer 106 and the second insulating layer 114 each
have a single-layer structure, or a stack structure including
a plurality of films, formed of such an organic insulating
material. For example, the first insulating layer 106 may
include a silicon nitride film and a silicon oxide film stacked
in this order from the substrate 102 side. The second
insulating layer 114 may include a silicon oxide film and a
silicon nitride film stacked in this order from the oxide
semiconductor layer 112 side. The first insulating layer 106
and the second insulating layer 114, in the case of including
a plurality of organic insulating films, alleviate the action of
an internal stress and also improve the barrier property
against water vapor or the like.

[0124] It is preferable that surfaces of the first insulating
layer 106 and the second insulating layer 114 that are in
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contact with the oxide semiconductor layer 112 are formed
of a silicon oxide film, a silicon oxide nitride film or an
aluminum oxide film. Since such an oxide insulating film is
in contact with the oxide semiconductor layer 112 (in other
words, a nitride insulating film is not in contact with the
oxide semiconductor layer 112), diffusion of impurities such
as hydrogen or the like, which generates a donor in the oxide
semiconductor layer 112, is suppressed. Since the oxide
insulating film is provided in contact with the oxide semi-
conductor layer 112, a defect (donor) caused by oxygen
deficiency is prevented from being caused to the oxide
semiconductor layer 112.

1-6. Gate Electrodes

[0125] The first gate electrode 104 and the second gate
electrode 116 are formed of a metal material such as
aluminum (Al), molybdenum (Mo), tungsten (W), zirco-
nium (Zr) or the like. For example, the first gate electrode
104 and the second gate electrode 116 may each be formed
of a film of aluminum (Al), a molybdenum-tungsten alloy
(MoW), or the like. The first gate electrode 104 and the
second gate electrode 116 may be formed of an aluminum
alloy, a copper alloy, or a silver alloy. Examples of the
aluminum alloy usable for the first gate electrode 104 and
the second gate electrode 116 include an aluminum-neo-
dymium alloy (Al—Nd), an aluminum-neodymium-nickel
alloy (Al—Nd—Ni), an aluminum-carbon-nickel alloy
(Al—C—Ni), a copper-nickel alloy (Cu—Ni), and the like.
Alternatively, the first gate electrode 104 and the second gate
electrode 116 may each be formed of a transparent conduc-
tive film of indium tin oxide (ITO), indium zinc oxide (1Z0),
zine oxide (ZnO) or the like.

1-7. Lines

[0126] The first line 110a and the second line 1105 are
formed of a metal material having a high conductivity such
as aluminum (Al), copper (Cu) or the like. For example, the
first line 1104 and the second line 1104 are formed of an
aluminum alloy, a copper alloy, or a silver alloy. Examples
of the aluminum alloy usable for the first line 110a and the
second line 1105 include an aluminum-neodymium alloy
(Al-—Nd), an aluminum-titanium alloy (Al—Ti), an alumi-
num-silicon alloy (Al—Si), an aluminum-neodymium-
nickel alloy (Al—Nd—Ni), an aluminum-carbon-nickel
alloy (Al—C—Ni), a copper-nickel alloy (Cu—Ni), and the
like. Use of such a metal material provides heat resistance
and decreases the line resistance.

1-8 Production Method

[0127] Now, a method for producing the transistor 100a
will be described. FIG. 2A shows a stage of forming the first
gate electrode 104 on the substrate 102. The substrate 102
may be, for example, a transparent insulating substrate. The
transparent insulating substrate is formed of non-alkali glass
such as aluminosilicate glass, aluminoborosilicate glass or
the like, or quartz.

[0128] First, a first conductive film 103 is formed on one
surface of the substrate 102. Then, a resist mask is formed
on the first conductive film 103 by a photolithography step,
and the first gate electrode 104 is formed by an etching step.
The first conductive film 103 is not limited to having any
specific thickness, but is formed to have a thickness of about
100 nm to 2000 nm. It is preferable that the first gate
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electrode 104 has tapered ends as seen in a cross-sectional
view. The first gate electrode 104 has tapered ends and thus
is covered with the first insulating layer 106 with certainty.
Therefore, in the etching step of forming the first gate
electrode 104, it is preferable to perform anisotropic etching
on the first conductive film 103 while chemically milling the
resist mask; namely, to perform so-called taper etching. The
resist mask that is left after the formation of the first gate
electrode 104 is removed by use of a releasing solution or by
an ashing process.

[0129] FIG. 2B shows a stage of forming the first insu-
lating layer 106, a second conductive film 107, and a third
conductive film 109 on the first gate electrode 104. From the
second conductive film 107, the first transparent conductive
layer 1084 and the second transparent conductive layer 1085
are formed. From the third conductive film 109, the first line
110a and the second line 1105 are formed. The first insu-
lating layer 106 is formed of an inorganic insulating film.
For example, the first insulating layer 106 may be a film
formed of one or a plurality of materials selected from
silicon oxide, silicon nitride, and silicon oxide nitride. In this
case, the first insulating layer 106 is formed by plasma CVD
(Chemical Vapor Deposition). Alternatively, the first insu-
lating layer 106 may be an aluminum oxide film. In this case,
the first insulating layer 106 is formed by sputtering by use
of an alumina sputtering target. The first insulating layer 106
is used as a gate insulating layer. Therefore, the first insu-
lating layer 106 is formed to have a thickness of about 100
nm to 500 nm.

[0130] The second conductive film 107 used to form the
first transparent conductive layer 108a¢ and the second
transparent conductive layer 1086 is formed of a metal oxide
material, a metal nitride material or a metal oxide nitride
material, all of which are conductive. The second conductive
film 107 is formed by sputtering. The second conductive
film 107 used to form the first transparent conductive layer
1084 and the second transparent conductive layer 1085 is
formed of, for example, a conductive metal oxide material to
have a thickness of 30 nm to 200 nm. The third conductive
film 109 used to form the first line 1104 and the second line
1106 is formed of a metal material or an alloy material by
sputtering. The third conductive film 109 used to form the
first line 110a and the second line 1105 is formed of a metal
material to have a thickness of 200 nm to 2000 nm in order
to have a low resistance.

[0131] FIG. 3A shows a lithography step of forming the
first line 110a, the second line 1105, the first transparent
conductive layer 1084 and the second transparent conduc-
tive layer 1084. In this example, a multi-gradation exposure
method (halftone exposure method) is used. Specifically, the
patterns of the first line 110q, the second line 1104, the first
transparent conductive layer 108a and the second transpar-
ent conductive layer 1086 are formed by one photomask.
[0132] A positive photoresist film 205 is formed on the
third conductive film 109. A multi-gradation photomask 201
is used for exposing the photoresist mask 205 to light. A
multi-gradation photomask is available in two types: a gray
tone photomask, which has a multi-gradation scale pattern
(like a pattern 203) having slits of a resolution equal to, or
lower than, the resolution of an exposure device and realizes
multi-gradation exposure by the slits blocking a part of light;
and a halftone photomask, which realizes multi-gradation
exposure by use of a semi-transmissive film. In this embodi-
ment, both types of multi-gradation photomask are usable.
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As a result of using the multi-gradation photomask 201 for
the exposure, the photoresist film 205 has three portions
formed therein, namely, an exposed portion, a gradation-
exposed portion, and a non-exposed portion.

[0133] Then, the photoresist film 205 is developed to form
a resist mask 207a including regions having different thick-
nesses as shown in FIG. 3B. As shown in FIG. 3B, the resist
mask 207q is thicker in a region corresponding to regions of
the third conductive film 109 where the first line 110a and
the second line 1104 are to be formed, and is thinner in the
remaining region.

[0134] The third conductive film 109 and the second
conductive film 107 are etched by use of the resist mask
207a. There is no specific limitation on the conditions for the
etching. For example, the third conductive film 109, which
is formed of a metal material, is wet-etched by use of a
mixed acid etchant, and the second conductive film 107,
which is formed of a metal oxide material, is dry-etched by
use of chlorine-based gas. On this stage, the first transparent
conductive layer 108a and the second transparent conduc-
tive layer 1085 are formed. After the etching, an ashing
process is performed to remove the thinner region of the
resist mask 207a to expose a surface of the third conductive
film 109. FIG. 4A shows a resist mask 2075 after the ashing
process. The resist mask 2075 is left on the third conductive
film 109.

[0135] Next, etching is performed on the exposed third
conductive film 109. This etching is wet-etching performed
by use of, for example, a mixed acid etchant. The second
conductive film 107, which is formed of a metal oxide
material or the like, is not easily etched away by the mixed
acid etchant, and thus the selection ratio is relatively high.
Therefore, the shape of the first transparent conductive layer
108a and the second transparent conductive layer 1085
below the third conductive film 109 is kept unchanged. FIG.
4B shows a stage where the first line 110a and the second
line 1104 are formed as a result of the etching performed on
the third conductive film 109. After the third conductive film
109 is etched, the resist mask 2075 is removed by ashing.
[0136] Surfaces of the first transparent conductive layer
1082 and the second transparent conductive layer 1085
already formed are exposed to oxygen plasma by the ashing
process. However, titanium (Ti), tantalum (Ta), hafnium
(Hf) or zirconium (Zr) contained as a component of the first
transparent conductive layer 108a and the second transpar-
ent conductive layer 1085 is conductive even when being
oxidized. Therefore, even though being exposed to oxygen
plasma, the surfaces of the first transparent conductive layer
108z and the second transparent conductive layer 1085 form
a good contact with the oxide semiconductor layer 112
formed in a later step.

[0137] FIG. 5A show a stage of forming the oxide semi-
conductor layer 112. The oxide semiconductor layer 112 is
formed to cover the first transparent conductive layer 1084,
the second transparent conductive layer 1084, the first line
110a, and the second line 1105. The oxide semiconductor
layer 112 is formed by sputtering. As a sputtering target, a
sintered oxide semiconductor material is used. The oxide
semiconductor layer 112 is formed to have a thickness of 20
nm to 100 nm, for example, 30 nm to 50 nm.

[0138] FIG. 5B shows a stage of forming the second
insulating layer 114 and a fourth conductive film 115 on the
oxide semiconductor layer 112. The second insulating layer
114 is formed in substantially the same manner as the first
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insulating layer 106. The fourth conductive film 115 is
formed in substantially the same manner as the first con-
ductive film 103. Then, the fourth conductive film 115 is
etched to form the second gate electrode 116. Thus, the
transistor 110a shown in FIG. 1 is produced.

[0139] According to the method for producing the tran-
sistor 100¢ in this embodiment, a multi-gradation photo-
mask is used to decrease the number of photomasks required
to produce the transistor 100a. The use of the multi-grada-
tion photomask allows a plurality patterns (the first trans-
parent conductive layer 1084, the second transparent con-
ductive layer 1085, the first line 110 and the second line
1105) to be formed by performing exposure merely once.
This increases the productivity of integrated circuit elements
each including the transistor 100a and also decreases the
production cost.

[0140] As shown in FIG. 1, neither the first line 110a nor
the second line 1105 overlaps the first gate electrode 104 or
the second gate electrode 116. The first line 110a and the
second line 1105 are located as far as possible from the
channel region of the transistor 100a (region where the first
gate electrode 104 and the second gate electrode 116 overlap
the oxide semiconductor layer 112), so that the channel
region is prevented from being contaminated with a metal
element. For example, copper (Cu), which may be used as
a material of the first line 110a and the second line 1105, is
a killer impurity to the oxide semiconductor, which is an
n-type semiconductor (impurity that deteriorates the char-
acteristics of the oxide semiconductor and destroys the oxide
semiconductor). In this embodiment, the first line 110a and
the second line 1104 are located as far as possible from the
channel region of the transistor 110a. Therefore, even if the
first line 1104 and the second line 1105 contain copper (Cu),
the oxide semiconductor layer 112 is suppressed from being
contaminated with copper (Cu).

Embodiment 2

[0141] In embodiment 2, an example of display device
120 including a transistor having substantially the same
structure as that of the transistor described in embodiment 1
will be described. As shown in FIG. 6, the display device
120 includes a display region 121 including a plurality of
pixels 122, a scanning line driving circuit 123, and a data
line driving circuit 125. Although not shown in FIG. 6, the
plurality of pixels 122 each include an organic EL element
acting as a display element and a transistor driving the
organic EL element.

2-1. Equivalent Circuit

[0142] FIG. 7 is an equivalent circuit diagram of each of
the pixels 122 included in the display device 120 in this
embodiment. The pixel 122 includes a selection transistor
124, a driving transistor 126, a capacitance element 128, and
an organic EL element 130. The selection transistor 124 and
the driving transistor 126 each have substantially the same
structure as that of the transistor 100a described in embodi-
ment 1. Namely, FIG. 7 shows the transistors of a dual gate
structure. The selection transistor 124 includes a first gate
electrode 1045 and a second gate electrode 1165, and the
driving transistor 126 includes a first gate electrode 104a
and a second gate electrode 116a.

[0143] In FIG. 7, the selection transistor 124 and the
driving transistor 126 are each of an n-channel type. Gates
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of the selection transistor 124 (the first gate electrode 1045
and the second gate electrode 1165) are connected with a
gate signal line 132¢. One of input/output terminals (source
and drain) of the selection transistor 124 is connected with
a data signal line 134, and the other of the input/output
terminals is connected with gates of the driving transistor
126 (the first gate electrode 104a and the second gate
electrode 1164a). The gates of the driving transistor 126 (the
first gate electrode 104a and the second gate electrode 1164)
are connected with the other of the input/output terminals of
the selection transistor 124. A drain of the driving transistor
126 is connected with the organic EL element 130, and a
source of the driving transistor 126 is connected with a
second common line 13654. One of two terminals of the
capacitance element 128 is connected with the other of the
input/output terminals (source and drain) of the selection
transistor 124. The other of the two terminals of the capaci-
tance element 128 is connected with a first common line
136a. The first common line 1364 and the second common
line 1364 are supplied with, for example, ground potential.
[0144] One of two terminals of the organic EL element
130 is connected with the drain of the driving transistor 126,
and the other of the two terminals of the organic EL element
130 is connected with a power supply line 138. The power
supply line 138 is supplied with a power supply potential
VDD, which is higher than the potential of each of the
common lines 1364 and 136A. In this embodiment, the
terminal of the organic EL. element 130 that is connected
with the drain of the driving transistor 126 is a cathode
electrode, and the terminal of the organic EL element 130
that is connected with the power supply line 138 is an anode
electrode.

2-2. Pixel Structure

[0145] FIG. 8 shows an example of planar structure of a
pixel 122a corresponding to the equivalent circuit shown in
FIG. 7. FIG. 9A shows a cross-sectional structure taken
along line A1-A2 in FIG. 8, and FIG. 9B shows a cross-
sectional structure taken along line B1-AB in FIG. 8. FIG.
9A shows a cross-sectional structure of the driving transistor
126 and the organic EL element 130. FIG. 9B shows a
cross-sectional structure of the selection transistor 124 and
the capacitance element 128. The following description will
be made with reference to FIG. 8, FIG. 9A and FIG. 9B. In
the plan view of the pixel 1224 shown in FIG. 8A, the
structure of the organic EL element 130 is omitted.

2-2-1. Driving Transistor

[0146] The driving transistor 126 has substantially the
same structure as that of the transistor 100a described in
embodiment 1. Specifically, the driving transistor 126
includes the first gate electrode 104q, the first insulating
layer 106, a first oxide semiconductor layer 112a, the second
insulating layer 114, and the second gate electrode 116a,
which are stacked. The first gate electrode 104a is provided
between the substrate 102 and the first insulating layer 106.
The second gate electrode 1164 is provided on the second
insulating layer 114 (on the surface of the second insulating
layer 114 opposite to the surface thereof facing the substrate
102).

[0147] The first transparent conductive layer 108a and the
second transparent conductive layer 1085 are provided
between the first insulating layer 106 and the first oxide
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semiconductor layer 112a. The first transparent conductive
layer 108a and the second transparent conductive layer 1085
are provided to hold the first gate electrode 104a and the
second gate electrode 116a therebetween as seen in a plan
view. The first transparent conductive layer 108a and the
second transparent conductive layer 1085 are provided in
contact with the first oxide semiconductor layer 112q.
[0148] The first transparent conductive layer 108a of the
driving transistor 126, or a region of the driving transistor
126 where the first transparent conductive layer 108a is in
contact with the first oxide semiconductor layer 1124, is a
drain region. The second transparent conductive layer 1085
of the driving transistor 126, or a region of the driving
transistor 126 where the second oxide semiconductor layer
1126 is in contact with the second transparent conductive
layer 108, is a source region.

[0149] The second transparent conductive layer 1085 of
the driving transistor 126 is electrically connected with the
first oxide semiconductor layer 112a, the first common line
1364 and the second common line 1365. The first common
line 136a is provided in the same layer structure as that of
the first gate electrode 104qa, and the second common line
1365 is provided in the same layer structure as that of the
data signal line 134 which electrically connected to the
selection transistor 124. The first common line 1364 and the
second transparent conductive layer 1085 are electrically
connected with each other via a first contact hole 1172
formed in the first insulating layer 106. The second common
line 1365 is in direct contact with a top surface of the second
transparent conductive layer 1085.

[0150] The firstinsulating layer 106 includes, for example,
a first silicon nitride film 1414 and a first silicon oxide film
1404 stacked in this order from the substrate 102 side. The
second insulating layer 114 includes a second silicon oxide
film 1405 and a second silicon nitride film 1415 stacked in
this order from the first oxide semiconductor layer 112a side.
[0151] A channel of the driving transistor 126 is formed in
a region where the first oxide semiconductor layer 112a
overlaps the first gate electrode 104a and the second gate
electrode 116a. Therefore, the first oxide semiconductor
layer 112a is provided in contact with the silicon oxide films
140a and 1405 in the region where the channel is formed.
The first oxide semiconductor layer 112a is provided in
contact with the insulating oxide films, and thus generation
of oxygen deficiency in the first oxide semiconductor layer
112a is suppressed. It is desirable that the silicon oxide films
140a and 1405 do not have oxygen deficiency so as not to
draw out oxygen from the first oxide semiconductor layer
112a. Rather, it is even preferable that the silicon oxide films
1404 and 1405 contain an excessive amount of oxygen. A
reason for this is that the silicon oxide films 140a and 1405,
in the case of containing an excessive amount of oxygen,
may be a source of oxygen for the first oxide semiconductor
layer 112a. The “silicon oxide film containing an excessive
amount of oxygen” encompasses a silicon oxide film con-
taining an excessive amount of oxygen with respect to the
chemical stoichiometric composition, and also encompasses
a silicon oxide film containing an excessive amount of
oxygen in a lattice thereof. The first insulating layer 106 and
the second insulating layer 114 may be formed of silicon
oxide nitride or aluminum oxide instead of silicon oxide.
[0152] The driving transistor 126 is covered with a flat-
tening layer 142. The flattening layer 142 is formed of an
organic resin material such as, for example, an acrylic resin,
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a polyimide resin, an epoxy resin, a polyamide resin or the
like. The flattening layer 142 is formed as follows. A
composition containing a precursor of an organic resin
material is applied, and a surface of the film formed by the
composition is flattened by a levelling action of the film. In
another embodiment, the flattening layer 142 may be formed
as follows. An inorganic insulating film such as a silicon
oxide film or the like is formed by plasma CVD or the like,
and then a surface of the inorganic insulating film is flattened
by chemical mechanical polishing (CMP).

[0153] An opening 144 is provided in the flattening layer
142 and the second insulating layer 114. A first electrode
146, which is the cathode electrode of the organic EL
element 130, is located to overlap the opening 144. The
organic EL element 130 is formed of a plurality of layers
stacked in the region of the opening 144.

[0154] In this embodiment, the driving transistor 126 has
a dual gate structure, and thus improves the current driving
capability thereof. Therefore, the driving transistor 126
provides a sufficient level of current to drive the organic EL
element 130. Even if the operating point of the organic EL
element 130 is changed, the driving transistor 126 provides
constant current driving in accordance with the change in the
operating point.

2-2-2. Selection Transistor

[0155] The selection transistor 124 has substantially the
same structure as that of the transistor 100a described in
embodiment 1. Specifically, the selection transistor 124
includes the first gate electrode 104, the first insulating
layer 106, a second oxide semiconductor layer 1125, the
second insulating layer 114, and the second gate electrode
116h, which are stacked. A channel of the second transistor
124 is formed in a region where the second oxide semicon-
ductor layer 1125 overlaps the first gate electrode 1045 and
the second gate electrode 1165. A third transparent conduc-
tive layer 108¢ and a fourth transparent conductive layer
1084 are provided between the first insulating layer 106 and
the second oxide semiconductor layer 112b. The third trans-
parent conductive layer 108¢ and the fourth transparent
conductive layer 1084 are provided in contact with the
second oxide semiconductor layer 1125, and thus act as a
source region and a drain region. The third transparent
conductive layer 108¢ and the fourth transparent conductive
layer 1084 are provided to hold the first gate electrode 1045
and the second gate electrode 1165 therebetween as seen in
a plan view.

[0156] The third transparent conductive layer 108¢ is
electrically connected with the data signal line 134. The data
signal line 134 is provided in the same layer structure as that
of the line layer 110 provided between the transparent
conductive layer 108 and the oxide semiconductor layer 112
described in the embodiment 1. The data signal line 134 is
in direct contact with a top surface of the third transparent
conductive layer 108¢. The second oxide semiconductor
layer 1125 extends to a region where the data signal line 134
is located and covers the data signal line 134. The data signal
line 134 is in direct contact with the third transparent
conductive layer 108¢ and thus has a larger contact area size
than in the case where the data signal line 134 is connected
with the third transparent conductive layer 108¢ via a
contact hole. Therefore, the contact resistance is decreased.
A top surface and side surfaces of the data signal line 134 are
covered with the second oxide semiconductor layer 1125,
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and thus the data signal line 134 is not exposed to an
oxidizing atmosphere or a reducing atmosphere during the
production of the display device 120. Therefore, the data
signal line 134 suppresses the resistance at a surface thereof
from increasing.

2-2-3. Capacitance Element

[0157] The capacitance element 128 includes a first
capacitance electrode 160q, the first insulating layer 106, the
fourth transparent conductive layer 1084, and a second
capacitance electrode 16056. The first capacitance electrode
160q is provided in the same layer structure as that of the
first gate electrode 104, and the second capacitance electrode
1605 is provided in the same layer structure as that of the
data signal line 134. The fourth transparent conductive layer
1084 is electrically connected with the second capacitance
electrode 1605, and thus substantially acts as the electrode
of the capacitance element 128.

[0158] The second oxide semiconductor layer 1126 and
the second insulating layer 114 are provided on the second
capacitance electrode 1604. The second capacitance elec-
trode 1606 is electrically connected with the second gate
electrode 116a via a second contact hole 1175 running
through the second insulating layer 114 and the second oxide
semiconductor layer 1125.

2-2-4. Organic EL Element

[0159] The organic EL element 130 includes the first
electrode 146 corresponding to the cathode electrode, an
electron transfer layer 148, an electron injection layer 150,
a light emitting layer 152, a hole transfer layer 154, a hole
injection layer 156, and a second electrode 158 correspond-
ing to the anode electrode, which are stacked from the
substrate 102 side. A structure of an organic EL element in
which a hole transfer layer, a light emitting layer, an electron
transfer layer, and a cathode electrode are stacked in this
order from the side of the anode electrode close to the
substrate is referred to as a “normal stack structure”. In the
organic EL element 130 in this embodiment, the electron
transfer layer 148, the light emitting layer 152, the hole
transfer layer 154 and the like are stacked in this order from
the side of the cathode electrode close to the substrate 102.
This structure is referred to as an “inverted stack structure”.
In this embodiment, the driving transistor 126 is of an
n-channel type. Therefore, if the organic EL element has a
normal stack structure, the source is connected with the
anode electrode. In this case, there is a problem that the level
of drain current of the driving transistor is changed in
accordance with the change in the characteristics of the
organic EL element. However, in the case where the organic
EL element 130 has an inverted stack structure as in this
embodiment, the drain of the n-channel type driving tran-
sistor 126 is connected with the cathode of the organic EL
element 130. Therefore, a circuit configuration in which the
drain current is not much influenced by the change in the
characteristics of the organic EL element 130 is provided.
[0160] On a top surface of the flattening layer 142 and in
the opening 144 provided in the flattening layer 142 and the
second insulating layer 114, the electron transfer layer 148,
the electron injection layer 150, the light emitting layer 152,
the hole transfer layer 154, the hole injection layer 156, and
the second electrode 158 acting as the anode electrode are
stacked. A region where a stacked body including these
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elements overlaps the first electrode 146 corresponding to
the cathode electrode is a light emitting region of the organic
EL element 130.

[0161] The organic EL element 130 in this embodiment is
of a so-called bottom emission type, which outputs light
toward the substrate 102. Hereinafter, each of the layers
included in the organic EL element 130 will be described in
detail.

2-2-4-1. Cathode Electrode

[0162] As a material of a cathode electrode of an organic
EL element, an aluminum-lithium alloy (AlLi), a magne-
sium-silver alloy (MgAg) or the like is conventionally used.
However, these materials are easily deteriorated by the
influence of oxygen or moisture in the air, and thus are
difficult to handle. These materials for the cathode electrode
are metal materials, and thus are not suitable to an organic
EL element that has an inverted stack structure and is of a
bottom emission type.

[0163] In the organic EL element 130 in this embodiment,
the first electrode 146, which is a cathode electrode, is
formed of a transparent conductive material, and thus a
bottom emission type structure is realized for the organic EL
element 130. Specifically, the first transparent conductive
layer 108a of the driving transistor 126 extends to the region
of the organic EL element 130 to act as the first electrode
146, which is a cathode electrode. With such an arrange-
ment, the driving transistor 126 and the organic EL element
130 are electrically connected with each other with a simple
structure. For example, in the case where an interlayer
insulating layer is provided between the driving transistor
and the organic EL element, a contact hole needs to be
provided to connect the driving transistor and the organic EL
element. By contrast, the structure of the first pixel 1224 in
this embodiment does not require a contact hole.

[0164] The first electrode 146 as the cathode electrode is
formed of the same conductive film as that of the first
transparent conductive layer 108a. The first transparent
conductive layer 1084 is formed of a metal oxide material,
a metal nitride material, or a metal oxide nitride material, all
of which are conductive. A conductive film formed of such
a material has a bandgap of 2.8 eV or greater, preferably of
3.0 eV or greater, and therefore transmits almost all of light
of a visible region. Therefore, such a material is usable for
an electrode on the light output side of the organic EL
element 130.

[0165] On the first electrode 146 corresponding to the
cathode electrode, the first oxide semiconductor layer 1124
extending from the driving transistor 126 may be provided.
The oxide semiconductor layer 112a has a bandgap of 3 eV
or greater, and thus is visible light-transmissive. As
described below, in this embodiment, the electron transfer
layer 148 is formed of a metal oxide. The first oxide
semiconductor layer 1124 formed of the same material, or
the same type of material, as the electron transfer layer 148
is located between the electron transfer layer 148 and the
first electrode 146 corresponding to the cathode electrode, so
that formation of an electron injection barrier is prevented.
In other words, the first oxide semiconductor layer 112a
extending from the channel region of the driving transistor
126 may be used as a part of the electron transfer layer 148
in contact with the first electrode 146 corresponding to the
cathode electrode.
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2-2-4-2. Electron Transfer Layer

[0166] The electron transfer layer 148 is formed of a metal
oxide material. Examples of the metal oxide material usable
for the electron transfer layer 148 include substantially the
same materials described in embodiment 1, specifically, a
four-component oxide material, a three-component oxide
material, a two-component oxide material, and a one-com-
ponent oxide material. These metal oxide materials may be
in an amorphous state, a crystalline state or a mixed phase
of an amorphous state and a crystalline state. The electron
transfer layer 148 is formed of, for example, one or a
plurality of materials selected from an oxide of indium, an
oxide of zinc, an oxide of gallium (Ga), and an oxide of tin
(Sn). Such a metal oxide material should not absorb visible
light and needs to be transparent, and thus is required to have
a bandgap of 3.0 eV or greater. The electron transfer layer
148 may have a maximum possible thickness to prevent
short circuiting between the anode electrode and the cathode
electrode. The electron transfer layer 148 may be formed by
sputtering, vacuum vapor deposition, application or the like.
The electron transfer layer 148 is formed by such a method
to have a thickness of 50 nm to 1000 nm.

[0167] The electron transfer layer 148 has a carrier con-
centration of V1o or less, preferably %ioo or less, of that of the
oxide semiconductor layer 112a. In other words, the carrier
concentration of the region where the oxide semiconductor
layer 112a is in contact with the electron transfer layer 148
is at least 10 times, preferably 100 times, the carrier con-
centration of the electron transfer layer 148. Specifically, the
carrier concentration of the electron transfer layer 148 is
10%3 to 10'7/cm?>, whereas the carrier concentration of the
oxide semiconductor layer 1124 is 10'° to 10**/cm’. The
difference between the carrier concentrations of the electron
transfer layer 148 and the oxide semiconductor layer 1124 is
at least one digit, preferably at least two digits. The oxide
semiconductor layer 1124 has a carrier concentration of is
10"° to 10"/cm?, and thus decreases the resistance loss in
the electric connection between the driving transistor 126
and the organic EL element 130, and suppresses the driving
voltage from increasing. In the case where the carrier
concentration of the electron transfer layer 148 is 10°%/cm?®
or greater, the excited state in the light emitting layer 152 is
deactivated and the light emission efficiency is decreased.
By contrast, in the case where the carrier concentration of
the electron transfer layer 148 is less than 10'%/cm’, the
number of carriers supplied to the light emitting layer 152 is
decreased and thus a sufficient level of luminance is not
provided. As described above, the oxide semiconductor
layer 112a extending from the driving transistor 126 is
provided in contact with the electron transfer layer 148, and
the carrier concentrations of the oxide semiconductor layer
112a and the electron transfer layer 148 are made different
from each other, so that the driving voltage is prevented
from increasing and the light emission efficiency of the
organic EL element 130 is improved.

2-2-4-3. Electron Injection Layer

[0168] In an organic EL element, an electron injection
layer is used in order to decrease the energy barrier and thus
to inject the electrons from the cathode electrode into an
electron transfer material. In this embodiment, the electron
injection layer 150 is used in order to allow the electrons to
be injected easily from the electron transfer layer 148
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formed of an oxide semiconductor into the light emitting
layer 152. Thus, the electron injection layer 150 is provided
between the electron transfer layer 148 and the light emitting
layer 152.

[0169] Tt is desirable that the electron injection layer 150
is formed of a material having a small work function in order
to allow the electrons to be injected easily into the light
emitting layer 150 formed of an organic material. The
electron injection layer 150 is formed of an oxide of calcium
(Ca) and an oxide of aluminum (Al). The electron injection
layer 150 is preferably formed of, for example, C12A7
(12Ca0.7A1,0;) electride. C12A7 (12Ca0.7A1,0;) elec-
tride has semiconductor characteristics, is controllable to
have a desired level of resistance from a high resistance to
a low resistance, and has a work function of 2.4 eV to 3.2 €V,
which is about the same as that of an alkaline metal. For
these reasons, C12A7 (12Ca0.7Al,0;) electride is prefer-
ably usable for the electron injection layer 150.

[0170] The electron injection layer 150 of C12A7 electride
is formed by sputtering by use of a polycrystal of C12A7
electride as a target. C12A7 electride has semiconductor
characteristics, and thus the electron injection layer 150 may
be formed to have a thickness of 1 nm to 100 nm. Regarding
C12A7 electride, it is preferable that the molar ratio of Ca:Al
is in the range of 13:13 to 11:16. C12A7 electride is formed
by sputtering and thus is preferably amorphous. Alterna-
tively, C12A7 electride may be crystalline.

[0171] CI12A7 electride is stable in the atmosphere, and
thus has an advantage of being easier to handle than an
alkaline metal compound conventionally used for an elec-
tron injection layer such as lithium fluoride (LiF), lithium
oxide (Li,0), sodium chloride (NaCl), potassium chloride
(KCD), or the like. Use of C12A7 electride makes it unnec-
essary to work in dry air or inactive gas during the formation
of the organic ELL element 130. The conditions for the
formation of the organic EL element 130 are alleviated.
[0172] CI12A7 electride has a large ionization potential.
Therefore, the electron injection layer 150, when being
located to face the hole transfer layer 154 while having the
light emitting layer 152 between the electron injection layer
150 and the hole injection layer 154 therebetween, acts as a
hole block layer. Namely, the electron injection layer 150
formed of C12A7 electride is provided between the electron
transfer layer 148 and the light emitting layer 152, so that
holes injected into the light emitting layer 152 are sup-
pressed from running to the first 146 as the cathode elec-
trode, and thus the light emission efficiency is improved.

2-2-4-4. Light Emitting Layer

[0173] The light emitting layer 152 may be formed of any
of various materials. For example, the light emitting layer
152 may be formed of a fluorescent compound emitting
fluorescence or phosphorescent compound emitting phos-
phorescence.

[0174] Examples of light emitting material emitting blue
light usable for the light emitting layer 152 include N,N'-
bis[4-(9H-carbazole-9-yl)phenyl-N,N'-diphenylstilbene-4,
4'-diamine (YGAS2S), 4-(9H-carbazole-9-yl)-4'-(10-phe-
nyl-9-anthryltriphenylamine (YGAPA), and the like.
Examples of light emitting material emitting green light
usable for the light emitting layer 152 include N-(9,10-
diphenyl-2-anthryl)-N,9-diphenyl-9H-carbazole-3-amine
(2PCAPA), N-[9,10-bis(1,1'-biphenyl-2-yl)-2-anthryl]-N,9-
diphenyl-9H-carbazole-3-amine (2PCABPhA), N-(9,10-di-
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phenyl-2-anthryl)-N,N'N'-triphenyl-1,4-phenylenediamine
(2DPAPA), N-[9,10-bis(1,1'-biphenyl-2-y1)-2-anthryl]-N,
N'N'-triphenyl-1,4-phenylenediamine (2DPABPhA), N-[9,
10-bis(1,1'-biphenyl-2-y1)]-N-[4-(9H-carbazole-9-yl)phe-
nyl]-N-phenylanthracene-2-amine (2YGABPhA), N,N,9-
triphenylanthracene-9-amine (DPhAPhA), and the like.
Examples of light emitting material emitting red light usable
for the light emitting layer 152 include N,N,N'N'-tetrakis
(4-methylphenyl)tetracene-3,11-diamine (p-mPhTD), 7,13-
diphenyl-N,N, N',N'-tetrakis(4-methylphenyl)acenaphtho[1,
2-alfluoranthene-3,10-diamine (p-mPhAFD), and the like. A
phosphorescent material such as bis[2-(2'-benzo[4,5-a]thie-
nyl)pyridinatho-N,C?Jiridium(I1lacetylacetonate ~ (Ir(btp),
(acac)) or the like is also usable.

[0175] The light emitting layer 152 may be formed of any
of various known materials other than the above-listed
materials. The light emitting layer 152 may be formed by
vapor deposition, transfer, spin-coating, spray-coating, gra-
vure printing, or the like. The light emitting layer 152 may
have an optionally selected thickness, and has a thickness of,
for example, 10 nm to 100 nm.

2-2-4-5. Hole Transfer Layer

[0176] The hole transfer layer 154 is formed of a material
having hole transferability. The hole transfer layer 154 is
formed of, for example, an arylamine-based compound, an
amine compound containing a carbozole group, an amine
compound containing a fluorene derivative, or the like.
Examples of materials usable for the hole transfer layer 154
include organic materials such as 4,4'-bis|N-(naphtyl)-N-
phenyl-amino|biphenyl (a-NPD), N,N'-bis(3-methylphe-
nyl)-(1,1"-biphenyl)-4,4'-diamine (TPD), 2-TNANA, 44,
4"-tris(N-(3-methylphenyl )N-phenylamino )triphenylamine
(MTDATA), 4,4'-N,N'-dicarbazolebiphenyl (CBP), 4,4'-bis
[N-(9,9-dimethylfluorene-2-y1)-N-phenylamino |biphenyl
(DFLDPBI), 4,4'bis[N-(spiro-9,9"-bifluorene-2-y1)-N-phe-
nylamino]biphenyl (BSPB), spiro-NPD, spiro-TPD, apiro-
TAD, TNB, and the like.

[0177] The hole transfer layer 154 is formed of a common
film formation method such as vacuum vapor deposition,
application or the like. The hole transfer layer 154 is formed
by such a method to have a thickness of 10 nm to 500 nm.
The hole transfer layer 154 may be omitted.

2-2-4-6. Hole Injection Layer

[0178] Thehole injection layer 156 is formed of a material
having a high capability of injecting holes into an organic
layer. Examples of materials having a high capability of
injecting holes and usable for the hole injection layer 156
include metal oxides such as an oxide of molybdenum, an
oxide of vanadium, an oxide of ruthenium, an oxide of
tungsten, an oxide of manganese and the like. Examples of
materials having a high capability of injecting holes and
usable for the hole injection layer 156 also include organic
compounds such as phthalocyanine (H,Pc), copper (1)
phthalocyanine (CuPc), vanadylphthalocyanine (VoPc), 4,4,
4"-tris(N,N-diphenylamino)triphenylamine (TDATA), 4,4',
4"-tris(N-(3-methylphenyl)-N-phenylamino|triphenylamine
(MTDATA), 4.4'-bis|N-(4-diphenylaminophenyl)-N-phe-
nylamino[biphenyl (DPAB), 4,4'-bis(N-{4-[N'-(3-methyl-
phenyl)-N'-phenylamino]phenyl}-N-phenylamino) ~ biphe-
nyl (DNPTD), 1,3,5-tris[N-(4-diphenylaminophenyl)-N-
phenylamino]benzene (DPA3B), 3-[N-(9-phenylcarbozole-
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3-y1)-N-phenylamino]-9-phenylcarbazole (PCzPCAL1), 3,6~
bis[N-(9-phenylcarbazole-3-y1)-N-phenylamino]-9-
phenylcarbazole ~ (PCzPCA2),  3-[N-(1-naphtyl)-N-(9-
phenylcarbazole-3-yl)amino]-9-phenylcarbazole
(PCzPCN1), 2,3,6,7,10,11-hexacyano-1,4,5,8,9,12-
hexaazatriphenylene (HAT-CN), and the like.

[0179] The hole injection layer 156 is formed of a com-
mon film formation method such as vacuum vapor deposi-
tion, application or the like. The hole injection layer 156 is
formed by such a method to have a thickness of 1 nm to 100
nm.

2-2-4-7. Anode Electrode

[0180] The second electrode 158 corresponding to the
anode electrode is formed of a metal material, an alloy or a
conductive compound having a high work function (specifi-
cally, 4.0 eV or greater). The second electrode 158 corre-
sponding to the anode electrode is formed of, for example,
indium tin oxide (ITO), indium zinc oxide (IZ0), indium
oxide containing tungsten oxide and zinc oxide (IWZ0), or
the like. The second electrode 158 corresponding to the
anode electrode of such a conductive metal oxide material is
formed by vacuum vapor deposition or sputtering. In this
embodiment, the organic EL element 130 is of a bottom
emission type. Therefore, it is preferable that the second
electrode 158 corresponding to the anode electrode is light
reflective or has a light reflective surface. A film of a
conductive metal oxide such as indium tin oxide (ITO),
indium zinc oxide (IZ0) or the like is light-transmissive.
Therefore, the second electrode 158 may include a metal
film of aluminum (Al), silver (Ag) or the like at a surface
thereof that is opposite to a surface facing the hole injection
layer 156. Although not shown in FIG. 8, FIG. 9A and FIG.
9B, a passivation layer blocking transmission of oxygen
(0,) or moisture (H,O) may be provided on the second
electrode 158 corresponding to the anode electrode in sub-
stantially the entirety of the display region 121.

[0181] As described above, in this embodiment, the pixel
122a in which the driving transistor 126 exhibiting n-chan-
nel type conductivity and the organic EL element 130 are
electrically connected with each other is realized. In this
case, the organic EL element 130 may have an inverted stack
structure, in which the electron transfer layer 148, the
electron injection layer 150, the light emitting layer 152, the
hole transfer layer 154, the hole injection layer 156 and the
like are stacked appropriately from the side of the first
electrode 146, which is the cathode electrode. Since the first
electrode 146, which is the cathode electrode, does not need
to be formed of an alkaline metal material, the reliability of
the display device 120 is improved. In addition, the electron
transfer layer 148 and the electron injection layer 150, which
are located in lower layers, are formed of an inorganic
insulating material. Therefore, even if an organic layer is
formed on these inorganic insulating layers, the character-
istics are suppressed from decreasing by denaturing or the
like. Thus, the characteristics of the organic EL element are
stabilized.

2-3. Transistor Structure

[0182] As shown in FIG. 9A and FIG. 9B, the pixel 1224
in this embodiment has a structure in which the anode
electrode 158 covers the entire surfaces of the driving
transistor 126 and the selection transistor 124. The driving
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transistor 126 and the selection transistor 124 each have a
dual gate structure; specifically, the oxide semiconductor
layer 112, where the channel region is formed, is provided
between the first gate electrode 104 and the second gate
electrode 116.

[0183] FIG. 10A is a cross-sectional view of a bottom gate
type transistor 300. The transistor 300 includes a gate
electrode 304, a first electrode 306, a first transparent
conductive layer 308a, a second transparent conductive
layer 3085, a first line 310a, a second line 3105, an oxide
semiconductor layer 312, a second insulating layer 314, a
flattening layer 342, and an anode electrode 358, which are
stacked on a substrate 302. In the bottom gate type transistor
300, the back channel side (the side of the oxide semicon-
ductor layer 312 facing the anode electrode 358) is likely to
be influenced by the anode electrode 358. Specifically, the
anode electrode 358 has a positive potential, and an interface
between the oxide semiconductor layer 312 and the second
insulating layer 314 (back channel interface), and the anode
electrode 358, are separated from each other by an interval
of about 3 pm to 5 um. Therefore, positive charges are
accumulated on the back channel side of the oxide semi-
conductor layer 312. When the positive charges are easily
accumulated on the back channel side, there occurs a prob-
lem that the threshold voltage of the transistor 300 is shifted
to a negative side (the transistor 300 becomes a normally-off
transistor).

[0184] This phenomenon will be described with reference
to FIG. 10B based on a method for driving a display device.
While the display device is driven, as shown in FIG. 10B, a
period Tg in which an on-voltage V_,, is applied to the gate
electrode 304 of the transistor 300 that drives the organic EL
element 300 is much shorter than one frame period Tf
(Tf>Tg). In a period, other than the period in which a
positive on-voltage V,,, is applied to the gate electrode 304
of the transistor 300, namely, in the period (Tf-Tg), a
negative off-voltage V. is applied to the gate electrode
304. To the anode electrode 358, a positive constant voltage
(VDD) is kept applied. Therefore, charges in the second
insulating layer 314 and the flattening layer 342 are drifted
by an electric field generated in the anode electrode 358 and
the gate electrode 304, and as a result, the positive charges
are accumulated on the back channel side.

[0185] In order to solve such an inconvenience, it is
preferable that gate electrodes are provided above and below
the oxide semiconductor layer 112 as in this embodiment. In
this case, the second gate electrode 116 is grounded to have
a constant potential or is supplied with the same voltage as
that of the first electrode 104, so that the potential on the
back channel side is stabilized.

[0186] FIG. 11A shows an embodiment of the transistor
100a. In this embodiment, the transistor 100qa has a structure
in which the first gate electrode 104 in a lower layer and the
second gate electrode 116 in an upper layer each overlap
both of the first transparent conductive layer 1084 and the
second transparent conductive layer 1085, which correspond
to the source and drain electrodes. The first gate electrode
104 having width W, . in a channel length direction
overlaps each of the first transparent conductive layer 108a
and the second transparent conductive layer 1085 by width
W,,,. The second gate electrode 116 having width W, in
the channel length direction overlaps each of the first
transparent conductive layer 108a and the second transpar-
ent conductive layer 1085 by width W ,. Since the first gate
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electrode 104 and the second gate electrode 116 each
partially overlap both of the first transparent conductive
layer 108¢ and the second transparent conductive layer
1085, the channel region in the oxide semiconductor layer
112 is substantially blocked against the external electric
field. Therefore, even if the anode electrode 158 is located
to cover the entire surface of the transistor 100a, the
transistor 100a is not influenced by the electric field of the
anode electrode 158. Thus, the threshold voltage of the
transistor 100a is prevented from being changed along with
time.

[0187] FIG. 11B shows an embodiment of the transistor
100q. In this embodiment, the transistor 100¢ has a structure
in which the second gate electrode 116 in an upper layer
overlaps both of the first transparent conductive layer 108a
and the second transparent conductive layer 108 corre-
sponding to the source and drain electrodes, and the first gate
electrode 104 overlaps neither the first transparent conduc-
tive layer 108a nor the second transparent conductive layer
108b. The second gate electrode 116 having width W, in
the channel length direction overlaps each of the first
transparent conductive layer 108a and the second transpar-
ent conductive layer 1085 by width W ,. By contrast, width
W, ,0m OF the first gate electrode 104 in the channel length
direction is narrower than the interval between the first
transparent conductive layer 108a and the second transpar-
ent conductive layer 1085, and the first gate electrode 104 is
offset by width W, from the first transparent conductive
layer 108¢ and the second transparent conductive layer
1085. Since at least the second gate electrode 116 partially
overlaps both of the first transparent conductive layer 108a
and the second transparent conductive layer 1085, the chan-
nel region in the oxide semiconductor layer 112 is substan-
tially blocked against the external electric field. Therefore,
the threshold voltage of the transistor 100a is prevented
from being changed along with time. Specifically, the area
size of the region where the second gate electrode 116
overlaps the oxide semiconductor layer 112 is larger than the
area size of the region where the first gate electrode 104
overlaps the oxide semiconductor layer 112. For this reason,
the influence of the charges that may be accumulated on the
back channel side is blocked. In other words, the first gate
electrode 104 and the second gate electrode 116 overlap
each other as seen in a plan view, and the second gate
electrode 116 covers the first gate electrode 104, and there-
fore, the influence of the charges that may be accumulated
on the back channel side is blocked.

[0188] In consideration of the alignment precision of a
photomask in a lithography step, it is preferable that width
W, of the second gate electrode 116 is larger than width
Wy orr0m OF the first gate electrode 104 (W, >W, . ). The
width of the second gate electrode 116 is made larger than
the width of the first gate electrode 104, so that there is a
margin for the alignment precision of the photomask in the
lithography step. Therefore, the channel region formed in
the oxide semiconductor layer 112 is covered with the
second gate electrode 116 with certainty.

2-4. Method for Producing the Display Device

[0189] An example of method for producing the display
device 120 in an embodiment according to the present
invention will be described. In the following description, the
same explanations as those on the method for producing the
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transistor 100a provided in embodiment 1 will be omitted,
and only the differences will be provided.

[0190] FIG. 12, FIG. 13A and FIG. 13B show a stage of
forming the first gate electrodes 104a and 104b, the first
capacitance electrode 160a and the first common line 1364
on the substrate 102, and a stage of forming the first
insulating layer 106. FIG. 12 is a plan view of a region
corresponding to one pixel 122a4. FIG. 13A is a cross-
sectional view taken along line A1-A2 in FIG. 12, and FIG.
13B is a cross-sectional view taken along line B1-B2 in FIG.
12.

[0191] As shown in FIG. 12, FIG. 13A and FIG. 13B, the
first common line 1364 and the first capacitance electrode
160a are formed of the same conductive film as that of the
first gate electrodes 104a and 1045. Therefore, the first gate
electrode 104a and the gate signal line 1324 are formed as
one continuous pattern formed of a conductive film in the
same layer. Similarly, the first common line 136a and the
first capacitance electrode 160a are formed as one continu-
ous pattern formed of a conductive film in the same layer.
[0192] The first insulating layer 106 is formed on the first
gate electrodes 104a and 1045, the first common line 1364,
and the first capacitance electrode 160a. For example, the
first insulating layer 106 is formed by stacking the first
silicon nitride film 141a and the first silicon oxide film 140a
from the substrate 102 side. The first silicon nitride film
141a is formed by plasma CVD by use of gas such as SiH,,
NHj;, N, or the like as source gas. The first silicon oxide film
1404 is also formed by plasma CVD by use of SiH,, N,O,
Si(OC,Hy), (tetraethoxysilane), Si(OCH,), (tetramethox-
ysilane) or the like optionally. The first insulating layer 106
is formed on substantially the entire surface of the substrate
102.

[0193] FIG. 14A and FIG. 14B show a stage where the
second conductive film 107 and the third conductive film
109 are formed on the first insulating layer 106, and the
resist mask 207a, the resist mask 2075, a resist mask 207¢
and a resist mask 2074 are formed thereon by use of a
multi-gradation photomask. As shown in FIG. 14A, the first
contact hole 117a is formed in advance in the first insulating
layer 106 in order to expose the first common line 136a. The
resist masks 207a, 2075, 207¢ and 2074 are formed such that
regions thereof corresponding to regions of the third con-
ductive film 109 that are to become the second common line
1365 (FIG. 14A) and the data signal line 134 (FIG. 14B) are
thicker than the remaining region. The second conductive
film 107 is formed of a transparent conductive material, and
the third conductive film 109 is formed of a metal material.
[0194] FIG. 15, FIG. 16A and FIG. 16B show a state
where the third conductive film 109 and the second conduc-
tive film 107 are etched by use of the resist masks 207a,
207b, 2075 and 207d. FIG. 15 is a plan view of a region
corresponding to one pixel 122a. FIG. 16A is a cross-
sectional view taken along line A1-A2 in FIG. 15, and FIG.
16B is a cross-sectional view taken along line B1-B2 in FIG.
15.

[0195] The first transparent conductive layer 108a, the
second transparent conductive layer 1085, the third trans-
parent conductive layer 108¢ and the fourth transparent
conductive layer 1084 are formed on the first insulating
layer 106. The first transparent conductive layer 108a and
the second transparent conductive layer 1085 are formed
such that ends of the first transparent conductive layer 108a
and the second transparent conductive layer 1085 overlap
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the first gate electrode 104a while having the first insulating
layer 106 between the first transparent conductive layer
180a/the second transparent conductive layer 1085 and the
first gate electrode 104a. The third transparent conductive
layer 108¢ and the fourth transparent conductive layer 1084
are formed such that ends of the third transparent conductive
layer 108¢ and the fourth transparent conductive layer 1084
overlap the first gate electrode 1045 while having the first
insulating layer 106 between the third transparent conduc-
tive layer 108¢/the fourth transparent conductive layer 1084
and the first gate electrode 1044. The second common line
1365 is formed on the second transparent conductive layer
1085. The second common line 1365 is formed on the
surface of the second transparent conductive layer 1085. In
this state, the first common line 136q, the second transparent
conductive layer 1085 and the second common layer 1365
are electrically connected with each other.

[0196] The second capacitance electrode 1605 is formed
in contact with a top surface of the fourth transparent
conductive layer 108d. The second capacitance electrode
1605 is located to at least partially overlap the first capaci-
tance electrode 160a while having the fourth transparent
conductive layer 1084 and the first insulating layer 106
between the second capacitance electrode 1605 and the first
capacitance electrode 160aq. The capacitance element is
formed in a region where the first capacitance electrode
160a and the second capacitance electrode 1605 overlap
each other while having the first insulating layer 106 ther-
ebetween.

[0197] The data signal line 134 is formed of the third
conductive film 109. The data signal line 134 is formed in
contact with a top surface of the third transparent conductive
layer 108c. In this state, the third transparent conductive
layer 108¢ and the data signal line 134 are electrically
connected with each other. The third transparent conductive
layer 108c is provided along the data signal line 134, and
thus is electrically connected with the data signal line 134
with certainty.

[0198] An end of the second common line 1364 is located
inner to an end of the second transparent conductive layer
1085, With such an arrangement, even though the second
transparent conductive layer 1085 and the second common
line 1364 are stacked on each other, the ends thereof form a
stepped portion. Therefore, the step coverage of the oxide
semiconductor layer 112 and the second insulating layer 114
formed in a later stage is in a good state. Similarly, an end
of the data signal line 134 is located inner to an end of the
third transparent conductive layer 108¢, and an end of the
second capacitance electrode 1605 is located inner to an end
of the fourth transparent conductive layer 108d. Therefore,
the step coverage of the oxide semiconductor layer 112 and
the second insulating layer 114, which are to be formed on
these ends in a later stage, are in a good state.

[0199] FIG. 17, FIG. 18A and FIG. 18B show a stage of
forming the oxide semiconductor layer 112, the second
insulating layer 114 and the fourth conductive film 115. FIG.
17 is a plan view of a region corresponding to one pixel
122a. FIG. 18A is a cross-sectional view taken along line
A1-A2 in FIG. 17, and FIG. 18B is a cross-sectional view
taken along line B1-B2 in FIG. 17.

[0200] The first oxide semiconductor layer 112q is formed
to cover substantially the entire surfaces of the first trans-
parent conductive layer 1084 and the second transparent
conductive layer 1085. The second oxide semiconductor
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layer 1124 is formed to cover substantially the entire sur-
faces of the third transparent conductive layer 108¢ and the
fourth transparent conductive layer 1084. The first oxide
semiconductor layer 112¢ and the second oxide semicon-
ductor layer 1125 are formed as follows. An oxide semi-
conductor film is formed by sputtering by use of an oxide
semiconductor as a target, and is subjected to a lithography
step. As a result, the first oxide semiconductor layer 112a
and the second oxide semiconductor layer 1125 having a
predetermined shape described above are formed. The first
oxide semiconductor layer 1124 is formed in contact with,
and thus is electrically connected with, the first transparent
conductive layer 108a and the second transparent conduc-
tive layer 1085. The second oxide semiconductor layer 1125
is formed in contact with, and thus is electrically connected
with, the third transparent conductive layer 108¢ and the
fourth transparent conductive layer 1084.

[0201] The second insulating layer 114 is formed on the
first oxide semiconductor layer 112a and the second oxide
semiconductor layer 1125. The second insulating layer 114
is formed by, for example, stacking the second silicon oxide
film 1405 and the second silicon nitride film 1415 in this
order from the oxide semiconductor layer 112 side. As a
result, the first silicon oxide film 140q is formed below the
oxide semiconductor layer 112, and the second silicon oxide
film 1405 is formed above the oxide semiconductor layer
112. The oxide semiconductor layer 112 is held between the
oxide insulating films, and thus is suppressed from having a
defect (donor level) caused thereto by oxygen deficiency.
[0202] It is desirable that the silicon oxide films 140a and
1405 do not have oxygen deficiency so as not to draw out
oxygen from the first oxide semiconductor layer 112a.
Rather, it is even preferable that the silicon oxide films 140a
and 1405 contain an excessive amount of oxygen. The
second insulating layer 114, after being formed, is heat-
treated at a temperature of 250° C. to 400° C., and thus
oxygen is diffused from the first silicon oxide film 1404 and
the second silicon oxide film 1404 to the first oxide semi-
conductor 1124 and the second oxide semiconductor layer
1124. Since such heat treatment is performed, even if the
oxide semiconductor layer 112 includes oxygen deficiency,
the oxygen deficiency is compensated for by oxygen dif-
fused from the oxide semiconductor layer 112, and the
defect, which would become a donor level, is extinguished.
Therefore, the resistance is increased.

[0203] In the second layer 114, the second contact hole
1175 is formed in a region overlapping the second capaci-
tance electrode 1605. Then, the fourth conductive film 115
is formed. The fourth conductive film 114 is formed in
substantially the same manner as the first conductive film
103.

[0204] FIG. 19, FIG. 20A and FIG. 20B show a stage of
forming the second gate electrode 116. FIG. 19 is a plan
view of a region corresponding to one pixel 122a. FIG. 20A
is a cross-sectional view taken along line A1-A2 in FI1G. 19,
and FIG. 20B is a cross-sectional view taken along line
B1-B2 in FIG. 19.

[0205] The second gate electrode 116 is formed by a
lithography step and an etching step performed on the fourth
conductive film 115. The second gate electrode 116a is
formed to include a region overlapping the first gate elec-
trode 104a. The second gate electrode 1165 is formed to
include a region overlapping the first gate electrode 1045. As
aresult, the driving transistor 126 and the selection transistor



US 2019/0341437 Al

124 are formed. The capacitance element 128 is electrically
connected with the second gate electrode 116a via the
contact hole 1175.

[0206] As shown in FIG. 21A and FIG. 21B, the flattening
layer 142 is formed to bury the selection transistor 124, the
driving transistor 126 and the capacitance element 128. The
flattening layer 142 is formed of an organic resin material
such as, for example, an acrylic resin, a polyimide resin, an
epoxy resin, a polyamide resin or the like. In the flattening
layer 142, the opening 144 is formed in a region overlapping
the first electrode 146, which is the cathode electrode, in
order to expose the first oxide semiconductor layer 112a. In
the case where the flattening layer 142 is formed of a
photosensitive resin material, the opening 144 is formed by
exposure to light by use of a photomask. Before the flat-
tening layer 142 is formed, an opening is formed in advance
in the second insulating layer 114 in a region corresponding
to the opening 144. Alternatively, an opening that exposes
the first oxide semiconductor layer 112a may be formed in
the second insulating layer 114 in the step of forming the
opening 144 in the flattening layer 142. It is preferable that
the opening 144 in the flattening layer 142 has a tapered
inner wall in order to allow the organic EL element 130 to
be formed easily.

[0207] FIG. 22A and FIG. 22B show a stage of forming
the electron transfer layer 148 and the electron injection
layer 150. The electron transfer layer 148 is formed of a
metal oxide material. Examples of the metal oxide material
usable for the electron transfer layer 148 include substan-
tially the same materials described in embodiment 1, spe-
cifically, a four-component oxide material, a three-compo-
nent oxide material, a two-component oxide material, and a
one-component oxide material. The electron transfer layer
148 is formed by sputtering by use of any of the above-listed
materials as a sputtering target. The electron injection layer
150 is formed of C12A7 electride. The electron injection
layer 150 may be formed by sputtering by use of C12A7
electride as a sputtering target. In this case, the sputtering
may be performed by use of at least one type of gas selected
from the group consisting of He (helium), Ne (neon), N,
(nitrogen), Ar (argon), NO (nitrogen monoxide), Kr (kryp-
ton), and Xe (xenon). The electron transfer layer 148 and the
electron injection layer 150 are used commonly in a plurality
of pixels 122a, and therefore are formed on substantially the
entirety of a region where the pixels 1224 are located.
[0208] Then, the light emitting layer 152, the hole transfer
layer 154, the hole injection layer 156 and the second
electrode 158 as the anode electrode are formed. As a result,
the pixel structure shown in FIG. 9A and FIG. 9B is formed.
The light emitting layer 152 is formed of different light
emitting materials for red pixels, green pixels and blue
pixels. In the case where light emitted from the light
emitting layer 152 has a white light emission spectrum, the
light emitting layer 152 may be formed in substantially the
entirety of the display region 121 as a layer common to all
the pixels 122a. The hole transfer layer 154 and the hole
injection layer 156 are each formed on substantially the
entirety of the region where the pixels 1224 are located, as
layers common to all the pixels 122a. The second electrode
158 as the anode electrode is used as a common electrode to
the pixels 122a, and therefore is formed on substantially the
entirety of the region where the pixels 122a.

[0209] According to the method for producing the display
device 120 in this embodiment, a multi-gradation photo-
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mask is used to decrease the number of photomasks required
to produce the display device 120. The use of the multi-
gradation photomask allows a plurality patterns (the first
transparent conductive layer 108¢, the second transparent
conductive layer 1085, the third transparent conductive layer
108¢, the fourth transparent conductive layer 1084, the data
signal line 134, the second common line 1364, and the like)
to be formed by performing exposure merely once. This
increases the productivity of display devices 120 and also
decreases the production cost.

[0210] In this embodiment, both of the selection transistor
124 and the driving transistor 126 are of a dual gate type.
The present invention is not limited to this. For example, the
selection transistor 124 may be a top gate type transistor
with no first gate electrode 1045. The pixel circuit is not
limited to having a configuration shown in FIG. 7. The
transistors and the organic EL element in this embodiment
are applicable to a pixel circuit including three transistors for
one pixel.

Embodiment 3

[0211] In embodiment 3, another embodiment of the
method for producing the display device 120 according to
the present invention will be described. In the following
description, differences from embodiment 2 will be
described.

[0212] This method is substantially the same as in embodi-
ment 2 until the stage of forming the second gate electrode
116. On the second gate electrode 116, the flattening layer
142 is formed. FI1G. 23A is a cross-sectional structure taken
along line A1-A2 in FIG. 19, and shows the stage of forming
the flattening layer 142.

[0213] In this embodiment, the flattening layer 142 is
formed of an insulating film having polarity. The flattening
layer 142 is formed of, for example, a straight chain-type
fluorine organic material. Example of the straight chain-type
fluorine organic material usable for the flattening layer 142
include a fluroalkylsilane (FAS)-based material. Example of
the fluroalkylsilane (FAS)-based material include H,1H,2H,
2H-perfluorodecyltrichlorosilane (FDTS), tridecafluoro-1,1,
2,2-tetrahydrooctyltrichlorosilane (FOTS), and the like.
[0214] The flattening layer 142 is formed of a straight
chain-type fluorine organic material, and thus has a liquid-
repelling surface. In more detail, the flattening layer 142
contains bipolar molecules and side chains, and therefore, as
schematically shown in FIG. 23A, negative charges are
generated at the surface of the flattening layer 142 because
of a microlayer separation phenomenon. The opening 144
exposing the first oxide semiconductor layer 112 is formed
in the flattening layer 142, and then, the electron transfer
layer 148 is formed.

[0215] FIG. 23B shows a stage where the electron transfer
layer 148 is formed. The electron transfer layer 148 is
formed of a metal oxide material. Examples of the metal
oxide material usable for the electron transfer layer 148
include substantially the same materials described in
embodiment 1, specifically, a four-component oxide mate-
rial, a three-component oxide material, a two-component
oxide material, and a one-component oxide material. These
oxide materials are each a type of degenerate semiconductor,
and have n-type conductivity, with which the major carrier
is an electron.

[0216] Negative charges are generated at the surface of the
flattening layer 142 because of the microlayer separation
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phenomenon. As a result, a region, of the electron transfer
layer 148 having an n-type conductivity, that is in contact
with the surface of the flattening layer 148 is depleted. Such
a depleted region 149 of the electron transfer layer 148
becomes a high resistance region with almost no carrier. By
contrast, a region, of the electron transfer layer 148, that is
in contact with the oxide semiconductor layer 112a, remains
as it is without being depleted. The electron transfer layer
148 having an n-type conductivity is formed in substantially
the entirety of the display region 121. The depleted region
149 of the electron transfer layer 148 is in positional
correspondence with a region between the pixels. The pixels
adjacent to each other are insulated from each other by the
depleted region 149. Therefore, the level of leak current
flowing laterally via the electron transfer layer 148 is
decreased.

[0217] Conventionally, it is considered that in order to
produce an organic EL element, a hole injection layer, a hole
transfer layer, a light emitting layer, an electron transfer
layer, an electron injection layer and a cathode electrode
need to be continuously formed in vacuum without being
exposed to the air. By contrast, in this embodiment accord-
ing to the present invention, the electron transfer layer 148
and the electron injection layer 150 are formed of an oxide
semiconductor, which is stable even when being exposed to
the air. Thus, the conditions for producing an organic EL
element have a certain degree of freedom. Specifically, in
this embodiment according to the present invention, the
organic EL element may be produced as follows. First, the
electron transfer layer 148 and the electron injection layer
150 are formed in vacuum by use of a sputtering device.
Then, after the pressure is returned to the atmospheric
pressure, the hole transfer layer 154, the hole injection layer
156 and the anode electrode 158 are formed by another film
formation device. Therefore, a device for producing the
organic EL element is prevented from being enlarged, and
the line balance of the production process is easily adjusted.
This embodiment according to the present invention has
various advantages that, for example, the production adjust-
ment is easily done while maintenance of the production
device is performed, and that the production efficiency is
improved.

Embodiment 4

[0218] In embodiment 4, the pixel structure is different
from that in embodiment 2. In the following description,
differences from embodiment 2 will be described.

4-1. Pixel Structure 1

[0219] FIG. 24A and FIG. 24B shows a structure of a pixel
1225 in a display device in this embodiment. FIG. 24A
shows a cross-sectional structure taken along line A1-A2 in
the plan view of FIG. 8, and FIG. 24B shows a cross-
sectional structure taken along line B1-B2 in the plan view
of FIG. 8.

[0220] As shown in FIG. 24A, in the pixel 122b, the
electron transfer layer 148 is individually provided in cor-
respondence with each organic EL element 130. In other
words, the electron transfer layer 148 is not provided in
substantially the entirety of the display region 121, but one
electron transfer layer 148 is individually provided for each
pixel 1225. In this case, it is preferable that the electron
transfer layer 148 has an area size larger than that of the
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opening 144 and smaller than the light emitting layer 152.
Namely, it is preferable that an end of the electron transfer
layer 148 is located outer to an end of the opening 144 and
inner to an end of the light emitting layer 152. Therefore, as
shown in FIG. 24B, the electron transfer layer 148 is not
located in a region where the selection transistor 124 is
provided. Since the electron transfer layer 148 is formed to
be larger than the opening 144, the light emitting layer 152
is prevented from contacting the oxide semiconductor layer
122q. Since the electron transfer layer 148 is formed to be
smaller than the light emitting layer 152, the hole transfer
layer 154 is prevented from contacting the electron transfer
layer 148.

[0221] The electron transfer layer 148 is formed of a metal
oxide material. A resist mask is formed by a lithography
step, and dry etching or wet etching is performed to easily
form the electron transfer layer 148. The electron transfer
layer 148 is formed of a metal oxide material and therefore
has an n-type conductivity. As shown in FIG. 24 A, since the
electron transfer layer 148 is formed individually for each
pixel 1225, the level of leak current between the pixels 1225
is decreased. In the case where the electron injection layer
150 is formed of C12A7 electride, the electron injection
layer 150 does not increase the level of leak current between
adjacent pixels 1225 because C12A7 electride has a high
resistance. Therefore, in the case of being formed of C12A7
electride, the electron injection layer 150 may be provided
in substantially the entirety of the display region 121 without
causing the problem of leak current.

[0222] As described above, the electron transfer layer 148
is individually provided for the organic EL element 130 in
each pixel 1225, so that the undesirable possibility that the
leak current between the pixels 12256 (in other words,
crosstalk) is generated is solved.

4-2. Pixel Structure 2

[0223] The two layers of the electron transfer layer 148
and the electron injection layer 150 may be formed by a
lithography step and an etching step. FIG. 25A and FIG. 25B
shows a structure of the pixel 122¢ in such a case. FIG. 25A
shows a cross-sectional structure taken along line A1-A2 in
the plan view of FIG. 8. FIG. 25B shows a cross-sectional
structure taken along line B1-B2 in the plan view of FIG. 8.
[0224] In the case where the electron transfer layer 148
and the electron injection layer 150 are individually pro-
vided for each pixel 1226, it is preferable that the electron
transfer layer 148 and the electron injection layer 150 each
have an area size smaller than that of the light emitting layer
152. Namely, it is preferable that ends of the electron
transfer layer 148 and the electron injection layer 150 are
located outer to the end of the opening 144 and inner to the
end of the light emitting layer 152. In other words, it is
preferable that the electron transfer layer 148 and the elec-
tron injection layer 150 each have such a size that is covered
with the light emitting layer 152. The electron transfer layer
148 and the electron injection layer 150 are each smaller
than the light emitting layer 152, so that the hole transfer
layer 154 is prevented from contacting the electron transfer
layer 148.

[0225] The electron transfer layer 148 and the electron
injection layer 150 are individually provided for the organic
EL element 130 in each pixel 1224, so that the undesirable
possibility that the leak current between the pixels 1225 (in
other words, crosstalk) is generated is solved.
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[0226] In this embodiment, the electron transfer layer 148
and the electron injection layer 150 are formed of an oxide
semiconductor, and thus are allowed to be patterned by a
lithography step so as to be provided individually for the
organic EL element 130 in each pixel 1225. Namely, the
generation of the leak current between the pixels 1225 (in
other words, crosstalk) is prevented and the image quality of
the display device is improved merely by adding one pho-
tomask for the production process.

Embodiment 5

[0227] In embodiment 5, one of, or both of, the electron
transfer layer 148 and the electron injection layer 150 are
individually provided for each pixel, but in a different form
from that of embodiment 4. In the following description,
mainly differences from embodiment 4 will be described.

5-1. Pixel Structure 1

[0228] FIG. 26 shows an example of planar structure of a
pixel 122¢ in this embodiment. FIG. 27A shows a cross-
sectional structure taken along line A3-A4 in FIG. 26, and
FIG. 27B shows a cross-sectional structure taken along line
B3-B4 in FIG. 26. FIG. 27A shows the cross-sectional
structure of the driving transistor 126 and the organic EL
element 130. FIG. 27B shows the cross-sectional structure
of the selection transistor 124 and the capacitance element
128. The following description will be made with reference
to FIG. 26, FIG. 27A and FIG. 27B when necessary. The
plan view of the pixel 122¢ shown in FIG. 26 omits the
organic EL element 130.

[0229] As shown in FIG. 26 and FIG. 27A, the electron
transfer layer 148 is in contact with a top surface of the oxide
semiconductor layer 112a, and is individually provided for
each of the pixels 122¢. Therefore, as shown in FIG. 27B,
the electron transfer layer 148 is not provided in a region
where the selection transistor 124 is provided.

[0230] The electron transfer layer 148 is formed of an
oxide semiconductor, like the oxide semiconductor layer
112a. In this case, the oxide semiconductor material used for
the electron transfer layer 148 and the oxide semiconductor
material used for the oxide semiconductor layer 112a are
made different from each other, so that the electron transfer
layer 148 is selectively processed on the oxide semiconduc-
tor layer 112a. Specifically, the electron transfer layer 148 is
formed of an oxide semiconductor that is etched faster than
the oxide semiconductor for the oxide semiconductor layer
1124, so that the electron transfer layer 148 is selectively
processed.

[0231] It is preferable that the electron transfer layer 148
is formed of, for example, a zinc (Zn)-based oxide semi-
conductor not containing tin (Sn) (e.g., ZnSiO,, ZnMgO,,
ZnGa0,, etc.) and the oxide semiconductor layer 112a is
formed of, for example, a tin (Sn)-based oxide semiconduc-
tor not containing zinc (Zn), magnesium (Mg) or the like
(e.g., [nGaSnO_, InWSnO,, InSiSnO, etc.). In other words,
it is preferable that the electron transfer layer 148 contains
zinc oxide and at least one selected from silicon oxide,
magnesium oxide and gallium oxide, and that the oxide
semiconductor layer 112a contains tin oxide, indium oxide,
and at least one selected from gallium oxide, tungsten oxide
and silicon oxide. With such an arrangement, the etching
rate on the oxide semiconductor used for the electron
transfer layer 148 is made different from the etching rate on
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the oxide semiconductor used for the oxide semiconductor
layer 112a, and thus the selection ratio is made high.
Specifically, the etching rate on the electron transfer layer
148 is made higher than that on the oxide semiconductor
layer 112a. The bandgap relationship between the electron
transfer layer 148 and the oxide semiconductor layer 1124 is
made optimal. Specifically, the bandgap of the electron
transfer layer 148 is made larger than that of the oxide
semiconductor layer 112a. For example, in the case where
the bandgap of the oxide semiconductor layer 112a is 3.0 eV
or greater, the bandgap of the electron transfer layer 148 is
preferably greater than, or equal to, the bandgap of the oxide
semiconductor layer 112a, and more preferably 3.4 eV or
greater. In the case where the bandgap of the electron
transfer layer 148 is 3.4 eV or greater, blue light is not
absorbed and thus the reliability is improved.

[0232] Before the flattening layer 142 is formed, the
electron transfer layer 148 is formed by patterning per-
formed by a lithography step and an etching step. Thus, the
electron transfer layer 148 is formed by microscopic pro-
cessing. Since the electron transfer layer 148 is individually
provided for each pixel, the level of leak current flowing
between adjacent pixels is decreased to suppress the gen-
eration of crosstalk like in embodiment 4.

5-2. Pixel Structure 2

[0233] The two layers of the electron transfer layer 148
and the electron injection layer 150 may be individually
formed, for each of the pixels 122¢, on the oxide semicon-
ductor layer 112a. FIG. 28A and FIG. 28B show the struc-
ture of the pixel 122¢ in such a case. FIG. 28A shows a
cross-sectional structure taken long line A3-A4 in the plan
view of FIG. 26, and FIG. 28B shows a cross-sectional
structure taken long line B3-B4 in the plan view of FIG. 26.
[0234] As shown in FIG. 28A, the electron transfer layer
148 and the electron injection layer 150 are individually
provided, for each pixel 122¢, on the oxide semiconductor
layer 112a. Therefore, as FIG. 28B, neither the electron
transfer layer 148 nor the electron transfer layer 148 and the
electron injection layer 150 is provided in a region where the
selection transistor 124 is provided. In this manner, the
electron transfer layer 148 and the electron injection layer
150 are individually provided for the organic EL element in
each pixel, so that the level of leak current flowing between
adjacent pixels is decreased to suppress the generation of
crosstalk.

5-3-1. Production Method 1

[0235] A method for producing the display device in this
embodiment will be described with reference to the draw-
ings. In the following description, mainly differences from
embodiment 2 will be described.

[0236] FIG. 29, FIG. 30A and FIG. 30B show a stage
where the gate electrodes 104 (the first gate electrode 1044
and the second gate electrode 1045), the first insulating layer
106, the transparent conductive layers 108 (the first trans-
parent conductive layer 108a through the fourth transparent
conductive layer 1084), the data signal line 134, the first
common line 1364, and the second common line 1365 are
formed on the substrate 102, and a layer to become the oxide
semiconductor layer 112 and a layer to become the electron
transfer layer 148 are formed on substantially the entire
surface of the substrate 102. FIG. 29 is a plan view on this
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stage (the first insulating layer 106, the layer to become the
oxide semiconductor layer 112 and the layer to become the
electron transfer layer 148 formed on substantially the entire
surface of the substrate 102 are omitted). FIG. 30A shows a
cross-sectional structure taken along line A3-A4 in FI1G. 29,
and FIG. 30B shows a cross-sectional structure taken along
line B3-B4 in FIG. 29.

[0237] The layer to become the oxide semiconductor layer
112 and the layer to become the electron transfer layer 148
are formed of a metal oxide material, and thus may be
continuously formed by use of a sputtering device. In this
case, as described above, it is preferable that the layer to
become the oxide semiconductor layer 112 and the layer to
become the electron transfer layer 148 are formed of dif-
ferent metal oxide materials (in other words, different oxide
semiconductor materials).

[0238] FIG. 31A and FIG. 31B show a stage of forming a
photoresist film 205 on the layer to become the oxide
semiconductor layer 112 and the layer to become the elec-
tron transfer layer 148 and exposing the photoresist film 205
by use of a photomask. As the photomask, the multi-
gradation photomask 201 having the multi-gradation pattern
203 is used like in embodiment 1. In this case, a middle
exposed portion of the multi-gradation photomask 201 cor-
responds to the oxide semiconductor layer 112, and the
non-exposed portion of the multi-gradation photomask 201
corresponds to the electron transfer layer 148.

[0239] Then, the photoresist mask 205 is developed to
form a resist mask 207 as shown in FIG. 32A and F1G. 32B.
The resist mask 207a has portions of different thicknesses.
FIG. 32A shows a state where the resist mask 2074 is thicker
in a portion corresponding to a region where the electron
transfer layer 148 is to be formed, and is thinner in a portion
corresponding to a region where the first oxide semiconduc-
tor layer 112a¢ and the second oxide semiconductor layer
1125 are to be formed.

[0240] The layer to become the electron transfer layer 148
and the layer to become the oxide semiconductor layer 112
are etched by use of the resist mask 207a. On this stage, the
first oxide semiconductor layer 112« and the second oxide
semiconductor layer 1125 are formed. The layer to become
the electron transfer layer 148 remains in substantially the
same pattern as that of the first oxide semiconductor layer
1124 and the second oxide semiconductor layer 1125. After
the etching, an ashing process is performed to remove the
thinner portion of the resist mask 207« and thus to expose a
surface of the layer to become the electron transfer layer
148. FIG. 33A and FIG. 33B show the resist mask 207q after
the ashing process. As shown in FIG. 33A, the resist mask
207a remains while covering a part of the layer to become
the electron transfer layer 148.

[0241] Then, the exposed portion of the layer to become
the electron transfer layer 148 is etched. As shown in FIG.
34 (plan view) and FIG. 35A and FIG. 35B (cross-sectional
views), the electron transfer layer 148 is selectively formed
on the first oxide semiconductor layer 1124 as a result of the
etching. As described above, the electron transfer layer 148
is formed of a material having a higher etching rate than that
of the material of the first oxide semiconductor layer 112a.
With such an arrangement, the electron transfer layer 148 is
formed on the first oxide semiconductor layer 112a while the
first oxide semiconductor layer 112a and the second oxide
semiconductor layer 1126 remain without being etched
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away. After the electron transfer layer 148 is formed by
etching, the resist mask 207a is removed by an ashing
process.

[0242] Then, as shown in FIG. 36A and FIG. 36B, the
second insulating layer 114, the second gate electrodes 1164
and 1165, and the flattening layer 142 are formed. In the
flattening layer 142, the opening 144 is formed, and the
electron injection layer 150 is formed. As shown in FIG.
36A and FIG. 36B, the electron injection layer 150 is formed
on the top surface of the flattening layer 150 and in the
opening 144 and is in contact with the electron transfer layer
148.

[0243] After this, the light emitting layer 152, the hole
transfer layer 154, the hole injection layer 156 and the anode
electrode 158 are formed. As a result, the pixel 122¢ of the
display device shown in FIG. 26, FIG. 27A and FIG. 27B is
formed.

[0244] In this embodiment, the multi-gradation photo-
mask is used to form the electron transfer layer 148 on the
first oxide semiconductor layer 112a without increasing the
number of photomasks. The positions of the oxide semicon-
ductor layer 112a and the electron transfer layer 148 are
determined by one photomask, and thus the oxide semicon-
ductor layer 112a and the electron transfer layer 148 are both
formed with high precision even in the case where the pixels
are microscopic. Also in this embodiment, the number of
photomasks and the number of photolithography steps do
not need to be increased, and thus the production cost is
suppressed from increasing.

5-3-2. Production Method 2

[0245] On the stage shown in FIG. 30A and FIG. 30B, the
electron injection layer 150 may be stacked on the electron
transfer layer 148 and the method described in 5-3-1 may be
performed. Specifically, the multi-gradation photomask may
be used to form the electron transfer layer 148 and the
electron injection layer 150 by etching. As a result, as shown
in FIG. 37A and FIG. 37B, the electron transfer layer 148
and the electron injection layer 150 may be selectively
formed on the first oxide semiconductor layer 112a.
[0246] Then, the flattening layer 142 is formed, and the
opening 144 is formed in the flattening layer 142. The light
emitting layer 152, the hole transfer layer 154, the hole
injection layer 156 and the anode electrode 158 are formed.
As aresult, the pixel 122¢ shown in FIG. 28A and FIG. 28B
is formed.

[0247] In this embodiment, like in the case described in
5-3-1, the multi-gradation photomask is used to provide the
electron transfer layer 148 and the electron injection layer
150 on the first oxide semiconductor layer 112a without
increasing the number of photomasks.

Embodiment 6

[0248] In embodiment 6, an example of pixel of a display
device of a so-called top emission type, in which light from
the organic EL element 130 is output in a direction opposite
to the substrate 102, will be described. In the following
description, differences from embodiment 2 will be
described.

[0249] FIG. 38 is a plan view of a pixel 1224 of a display
device 120 in this embodiment. FIG. 39 shows a cross-
sectional structure taken along line A5-A6 in FIG. 38. The
selection transistor 124, the driving transistor 126, the
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capacitance element 128 and the organic EL element 130 in
the pixel 1224 each have substantially the same structure as
that in embodiment 2.

[0250] The pixel 1224 includes a reflective layer 162 in a
region overlapping the first electrode 146, which is a cathode
electrode. The reflective layer 162 is provided below the first
electrode 146 with the first insulating layer 106 being
located between the reflective layer 162 and the first elec-
trode 146. The reflective layer 162 is formed in, for example,
the same layer as that of the first gate electrode 104. Namely,
the reflective layer 162 is formed of the first conductive layer
103 described in embodiment 2. The second electrode 158,
which is an anode electrode, is formed of a transparent
conductive material such as indium tin oxide, indium zinc
oxide or the like.

[0251] In this embodiment, the first electrode 146, which
is the cathode electrode, is formed of a transparent conduc-
tive material. Light emitted by the light emitting layer 152,
except for a component thereof propagating in the organic
EL element 130 as wave guide light, radiates at least toward
the first electrode 146, which is the cathode electrode, and
toward the second electrode 158, which is the anode elec-
trode. The light directed from the light emitting layer 152
toward the first electrode 146, which is the cathode elec-
trode, is transmitted through the first electrode 146, which is
the cathode electrode, and the first insulating layer 106, and
is reflected by the reflective layer 162. The light reflected by
the reflective layer 162 is partially output from the second
electrode 158, which is the anode electrode. In order to
increase the intensity of the output light, it is preferable that
the reflective layer 162 includes a metal film of a material
having a high reflectance such as aluminum (Al), silver (Ag)
or the like at a surface thereof facing the first electrode 146,
which is the cathode electrode.

[0252] In FIG. 38 and FIG. 39, an end of the reflective
layer 162 is located inner to an end of the first electrode 146,
which is the cathode electrode. This embodiment is not
limited to this. The reflective layer 162 is provided below the
first electrode 146 with the first insulating layer 106 being
located between the reflective layer 162 and the first elec-
trode 146. Therefore, the reflective layer 162 may be wider
than the first electrode 146, which is the cathode electrode.
The reflective layer 162 may be provided to be continuous
throughout the plurality of pixels 1224, unless the reflective
layer 162 is in contact with the first gate electrode 104 or the
gate signal line 132.

[0253] As described above, in this embodiment, the reflec-
tive layer 162 is provided below the first electrode 146,
which is the cathode electrode, and thus the display device
120 including the pixel 1224 of a top emission type is
realized. In this case, the reflective layer 162 may be formed
of the same conductive film as that of the first gate electrode
104. Therefore, the number of the steps of the production
process is not increased.

Embodiment 7

[0254] In embodiment 7, the pixel structure is different
from that in embodiment 2. FIG. 40 is a plan view of a pixel
122¢. FIG. 41A shows a cross-sectional structure taken
along line A7-A8 in FIG. 40, and FIG. 41B shows a
cross-sectional structure taken along line BS-B6 in FIG. 40.
The pixel 122¢ has substantially the same equivalent circuit
as that shown in FIG. 7. In the following description,
differences from embodiment 2 will be described.

Nov. 7,2019

[0255] 1In the pixel 122e, the data signal line 134 and the
second common line 1365 are formed of the fourth conduc-
tive film 115 described in embodiment 2. Specifically, the
data signal line 134 and the second common line 1365 are
provided on the second in layer 114.

[0256] The second common line 13656 is electrically con-
nected with the first common line 136a via the first contact
hole 1174 running through the first insulating layer 106 and
the second insulating layer 114. The second common line
1365 is in contact with the first oxide semiconductor layer
112a via a third contact hole 117¢ running through the
second insulating layer 114. The second common line 1365
is in contact with the first oxide semiconductor layer 112a in
a region where the first transparent conductive layer 108a
also overlaps the common line 1365 and the first oxide
semiconductor layer 112a. This region corresponds to the
source region of the driving transistor 126. Therefore, the
second common line 1365 is electrically connected with the
first common line 136a and the source region of the driving
transistor 126.

[0257] The data signal line 134 is in contact with the
second oxide semiconductor layer 1125 in a fourth contact
hole 117d running through the second insulating layer 114.
The data signal line 134 is in contact with the second oxide
semiconductor layer 1126 in a region where the third trans-
parent conductive layer 108¢ also overlaps the data signal
line 134 and the second oxide semiconductor layer 1125.
This region corresponds to the source or drain region of the
selection transistor 124. Therefore, the data signal line 134
is electrically connected with the source or drain region of
the selection transistor 124,

[0258] The capacitance element 128 is formed in a region
where the first capacitance electrode 160« and the second
capacitance electrode 1605 overlap each other while having
the first insulating layer 106 therebetween. In this embodi-
ment, the second capacitance electrode 1605 is formed of a
portion of the fourth transparent conductive layer 1084 and
the second oxide semiconductor layer 112a extending from
the selection transistor 124 onto the first capacitance elec-
trode 160a. In this region, it is preferable that the second
oxide semiconductor layer 1125 has a low resistance so as to
act as an electrode. In this region, the second oxide semi-
conductor layer 112b may be removed. The second gate
electrode 116a is in contact with the second capacitance
electrode 1605 via the second contact hole 1175, and thus
the driving transistor 126 and the capacitance element 128
are electrically connected with each other.

[0259] Inthis embodiment, the data signal line 134 and the
second common line 1365 are formed in the same conduc-
tive layer as that of the second gate electrode 116. Therefore,
in the pixel 122e, the selection transistor 124 and the data
signal line 134 are electrically connected with each other
with certainty, the driving transistor 126 and the second
common line 1365 are electrically connected with each other
with certainty, and the driving transistor 126 and the capaci-
tance element 128 are electrically connected with each other
with certainty.

Embodiment 8

[0260] In embodiment 8, an example of pixel of a display
device of a so-called top emission type, in which light from
the organic EL element 130 is output in a direction opposite
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to the substrate 102, will be described. In the following
description, differences from embodiment 4 will be
described.

[0261] FIG. 42 is a plan view of a pixel 122f of a display
device 120 in this embodiment. FIG. 43 shows a cross-
sectional structure taken along line A9-A10 in FIG. 42. The
selection transistor 124, the driving transistor 126, the
capacitance element 128 and the organic EL element 130 in
the pixel 122f each have substantially the same structure as
that in embodiment 4.

[0262] Like in embodiment 6, the pixel 122fincludes the
reflective layer 162 in a region overlapping the first elec-
trode 146, which is a cathode electrode. The reflective layer
162 is provided below the first electrode 146 with the first
insulating layer 106 being located between the reflective
layer 162 and the first electrode 146. The reflective layer 162
is formed in, for example, the same layer as that of the first
gate electrode 104. Namely, the reflective layer 162 is
formed of the first conductive layer 103 described in
embodiment 2. The second electrode 158, which is an anode
electrode, is formed of a transparent conductive material
such as indium tin oxide, indium zinc oxide or the like.
[0263] The pixel 122f of a top emission type may have a
pixel structure in which the data signal line 134 and the
second common line 1365 are formed in the same layer as
that of the second gate electrode 116.

[0264] In FIG. 42 and FIG. 43, an end of the reflective
layer 162 is located inner to an end of the first electrode 146,
which is the cathode electrode. This embodiment is not
limited to this. The reflective layer 162 is provided below the
first electrode 146 with the first insulating layer 106 being
located between the reflective layer 162 and the first elec-
trode 146. Therefore, the reflective layer 162 may be wider
than the first electrode 146, which is the cathode electrode.
The reflective layer 162 may be provided to be continuous
throughout the plurality of pixels 1224, unless the reflective
layer 162 is in contact with the first gate electrode 104 or the
gate signal line 132.

[0265] In this embodiment, the reflective layer 162 is
provided below the first electrode 146, which is the cathode
electrode, and thus the display device 120 including the
pixel 122f'0f a top emission type is realized. In this case, the
reflective layer 162 may be formed of the same conductive
film as that of the first gate electrode 104. Therefore, the
number of the steps of the production process is not
increased.

Embodiment 9

[0266] In embodiment 9, the pixel structure is different
from that in embodiment 4. FIG. 44 15 a plan view of a pixel
122g. FIG. 45A shows a cross-sectional structure taken
along line A11-A12 in FIG. 44, and FIG. 45B shows a
cross-sectional structure taken along line B7-Ab8 in FIG.
44. The pixel 122g has substantially the same equivalent
circuit as that shown in FIG. 7. In the following description,
differences from embodiment 4 will be described.

[0267] In the pixel 122g in this embodiment, the transpar-
ent conductive layer 108 and the oxide semiconductor layer
122 are stacked in an order different from that in embodi-
ment 4. Namely, the oxide semiconductor layer 112 is
provided on the first insulating layer 106, and the transparent
conductive layer 108 is provided on the oxide semiconduc-
tor layer 112. Specifically, in the driving transistor 126, the
first transparent conductive layer 1084 and the second
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transparent conductive layer 1085 are provided on the first
oxide semiconductor layer 112a. The second transparent
conductive layer 1085 is extended to the region of the
organic EL element 130, and acts as the first electrode 146,
which is a cathode electrode, in this region. In the selection
transistor 124, the third transparent conductive layer 108¢
and the fourth transparent conductive layer 1084 are pro-
vided on the second oxide semiconductor layer 1124.
[0268] As can be seen, the transistors are realized even in
the case where the order of stacking the oxide semiconduc-
tor layer 112 and the transparent conductive layer 108 is
changed. In this structure, in the case where the oxide
semiconductor layer 112 and the transparent conductive
layer 108 have a certain level of etching rate ratio (in the
case where the etching rate of the oxide semiconductor layer
112 is lower than that of the transparent conductive layer
108), the multi-gradation photomask described in embodi-
ment 2 may be used to form the oxide semiconductor layer
112 and the transparent conductive layer 108 by processing.
Thus, the number of photomasks required for the production
process is decreased, and the steps of the production process
is also decreased.

[0269] In this embodiment, as shown in FIG. 45A, the
second common line 1365 is in contact with the second
transparent conductive layer 1085 via the third contact hole
117¢. As shown in FIG. 45B, the data signal line 134 is in
contact with the third transparent conductive layer 108¢ via
the fourth contact hole 1174. As can be seen, the data signal
line 134 and the second common line 1364 are in contact
with the transparent conductive layer 108, and thus the
contact resistance is decreased.

Embodiment 10

[0270] FIG. 46 shows a stage in a method for forming a
transistor 1005 including the first gate electrode 104, the first
insulating layer 106, the oxide semiconductor layer 112, the
second insulating layer 114 and the second gate electrode
116. On the stage shown in FIG. 46, source and drain regions
118 having a lower resistance than that of a channel region
is formed in the oxide semiconductor layer 112.

[0271] FIG. 46 shows a process of irradiating the oxide
semiconductor layer 112 with laser light from the substrate
102 side to form the source and drain regions 118 having a
resistance lower than that of the oxide semiconductor layer
112. Tt is preferable that the laser light used in this process
has a short wavelength so as to be absorbed into the oxide
semiconductor layer 112, which has a wide bandgap. It is
preferable that the oxide semiconductor layer 112 is irradi-
ated with ultraviolet laser light such as, for example, KrF
excimer laser light (wavelength: 248 nm), XeCl excimer
laser light (wavelength: 308 nm), XeF excimer laser light
(wavelength: 351 nm) or the like.

[0272] In the case where the laser process shown in FIG.
46 is performed, the substrate 102 is required to have such
a level of transparency as to transmit the ultraviolet laser
light sufficiently. Therefore, it is preferable that the substrate
102 is formed of non-alkali glass or quartz. In the case where
the substrate 102 has a low transmittance for light in an
ultraviolet range or the substrate 102 absorbs the light in an
ultraviolet range, the laser light may be directed from the
oxide semiconductor layer 112 side as shown in FIG. 47, so
that a low resistance region is formed.

[0273] Inthe case where the laser light is directed from the
substrate 102 side, a region of the oxide semiconductor layer
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112 that overlaps the first gate electrode 104 is not irradiated
with the laser light because the laser light is blocked by the
first gate electrode 104. By contrast, the regions of the oxide
semiconductor layer 112 not overlapping the first gate
electrode 140 are irradiated with the laser light transmitted
through the substrate 102. The irradiation with the laser light
rapidly raises the temperature of the oxide semiconductor
layer 112. This causes oxygen deficiency, and thus a donor
level is generated in the oxide semiconductor layer 112. As
a result, these regions have a resistance thereof decreased.
[0274] This process may be performed in a state where a
contact hole is provided in the second insulating layer 114
and a third line 110¢ and a fourth line 1104 are provided. The
regions having the resistance thereof decreased act as a
source region 1184 and a drain region 118 of the transistor
1105.

[0275] In the laser process shown in FIG. 46 performed to
form the transistor 1105, the first gate electrode 104 is used
as a mask blocking the laser light. Thus, the source region
118a and the drain region 1185 are formed in a self-aligned
mannet.

[0276] As shown in FIG. 47A, the laser process may be
performed on a transistor 110¢ including the first line 110a
and the second line 1105 provided between the oxide
semiconductor layer 112 and the second insulating layer 114
while being in contact with the oxide semiconductor layer
112. In this case also, the source region 118« and the drain
region 1186 are formed.

[0277] FIG. 47A shows an embodiment in which the oxide
semiconductor layer 112 is irradiated with the laser light
from the second electrode 116 side. Regions of the oxide
semiconductor layer 112 that overlap the second electrode
116, the first line 110a and the second line 1104 are not
irradiated with the laser light. The remaining region of the
oxide semiconductor layer 112 is irradiated with the laser
light, and has the resistance thereof decreased. As shown in
FIG. 47A, in a region of the oxide semiconductor layer 112
that is between a region thereof overlapping the second gate
electrode 116 and a region thereof overlapping each of the
first line 110a and the second line 1105, the resistance is
decreased. In a region of the oxide semiconductor layer 112
that is outer to the region thereof overlapping each of the
first line 110a and the second line 1105, the resistance is
decreased.

[0278] In the structure shown in FIG. 47A, the source
region 1184 and the drain region 1185 are provided adjacent
to a channel region where the oxide semiconductor layer 112
is held between the first gate electrode 104 and the second
gate electrode 116. Namely, an offset region having a high
resistance is not provided between the channel region and
the source region or between the channel region and the
drain region. Therefore, the level of on-current is prevented
from decreasing. Unlike in the transistor 100a described in
embodiment 1, it is not necessary that the first line 1104 and
the second line 1105 overlap each of the first electrode 104
and the second electrode 116. Therefore, the source-gate
coupling capacitance and the drain-gate coupling capaci-
tance are decreased.

[0279] FIG. 47B shows an embodiment in which the oxide
semiconductor layer 112 is irradiated with the laser light
from the first gate electrode 104 side. In this case, regions of
the oxide semiconductor layer 112 that do not overlap the
first gate electrode 104 are irradiated with the laser light. As
a result, regions of the oxide semiconductor layer 112 that
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are below the first line 110a and the second line 1105 also
have a resistance thereof decreased. With such a process, the
resistance of the source region 118a and the drain region
1186 is further decreased. The contact resistance between
the source region 118« and the first line 110a, and the contact
resistance between the drain region 1185 and the second line
1105, are also decreased. Like in the structure shown in FIG.
46, the first gate electrode 104 is used as a mask, and the
source region 118a and the drain region 1185 are formed in
a self-aligned manner. Therefore, an offset region having a
high resistance is not provided, and the level of on-current
is prevented from decreasing.

[0280] As shown in FIG. 47A and FIG. 47B, the first gate
electrode 104 or the second gate electrode 116 is used as a
mask blocking the laser light, so that the source region 118a
and the drain region 1185 are formed in the oxide semicon-
ductor layer 112 in a self-aligned manner. This increases the
productivity of the integrated circuit elements including the
transistor 100C and decreases the production cost.

[0281] As described in embodiment 2, in consideration of
the alignment precision of the photomask, it is preferable
that width W, of the second gate electrode 116 is larger
than width W, of the first gate electrode 104
(W00" W sosiom)- F1G. 48A shows an embodiment in which
the oxide semiconductor layer 112 is irradiated with the laser
light from the second gate electrode 116 side in the case
where the second gate electrode 116 is wider than the first
gate electrode 104.

[0282] FIG. 48A shows an embodiment in which the laser
light is directed from the second gate electrode 116 side in
the case where width W, of the second gate electrode 116
is larger than width W, . of the first gate electrode 104.
A region of the oxide semiconductor layer that is irradiated
with the laser light has the resistance thereof decreased. In
the case shown in FIG. 48A, the positions of the source
region 118a and the drain region 1186 adjacent to the
channel region of the oxide semiconductor layer 112 are
determined by the second gate electrode 116. In other words,
the source region 118a and the drain region 1185 are formed
in a self-aligned manner by the second gate electrode 116.
By contrast, ends of the first gate electrode 104 does not
match ends of the source region 180a and the drain region
1805, and offset regions each having width W, are present.
However, the offset regions with respect to the first gate
electrode 104 are included in the channel region for the
second gate electrode 116. Therefore, the influence of the
offset regions on static characteristics of the transistor 100C
is small.

[0283] FIG. 48B shows an embodiment in which the laser
light is directed from the first gate electrode 104 side in the
case where width W, of the second gate electrode 116 is
larger than width W, . of the first gate electrode 104. In
the case shown in FIG. 48B, the positions of the source
region 118a and the drain region 1186 adjacent to the
channel region of the oxide semiconductor layer 112 are
determined by the first gate electrode 104. Therefore, the
source region 118a and the drain region 118b formed in the
oxide semiconductor layer 112 include regions overlapping
the second gate electrode 116. Such regions each have width
W, .. As can be seen, the source region 1184 and the drain
region 118) have the regions overlapping the second gate
electrode 116. Therefore, a high resistance region is not
formed between the source region 1184 and the second gate
electrode 116 or between the drain region 1185 and the
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second gate electrode 116. Thus, the level of on-current of
the transistor 100c is prevented from decreasing.

[0284] In this embodiment, the source region 118« and the
drain region 1185 are formed in a self-aligned manner by the
first gate electrode 104 or the second gate electrode 116. In
consideration of the alignment precision in the lithography
step, it is preferable that width W, , of the second gate
electrode 116 is larger than width W,_,, . of the first gate
electrode 104 (W, >W, . ). Namely, the second gate
electrode 116 on the upper layer is made wider than the first
gate electrode 104 in the lower layer, so that there is a
margin for the alignment precision of the photomask in the
lithography step. Therefore, the channel region formed in
the oxide semiconductor layer 112 is covered with the
second gate electrode 116 with certainty.

Embodiment 11

[0285] In embodiment 11, an example of applying the
structure of the transistor described in embodiment 7 to a
display device 120 will be described.

11-1. Pixel Structure 1

[0286] FIG. 49 is a plan view of a pixel 122/ of a display
device 120 in embodiment 11. FIG. 50A shows a cross-
sectional structure taken along line A13-A14 in FIG. 49, and
FIG. 50B shows a cross-sectional structure taken along line
B9-B10 in FIG. 49. The following description will be made
with reference to FIG. 49, FIG. 50A and FIG. 50B.

[0287] The first oxide semiconductor layer 112a includes
a region overlapping the first gate electrode 104a and the
second gate electrode 1164, and the second oxide semicon-
ductor layer 1124 includes a region overlapping the first gate
electrode 104b and the second gate electrode 1165. The
driving transistor 126 includes the first source region 118a
and the first drain region 1185 provided in a region of the
first oxide semiconductor layer 112a that is outer to the
region thereof overlapping the first gate electrode 104a. The
selection transistor 124 includes a first source/drain region
118¢ and a second source/drain region 1184 provided in a
region of the second oxide semiconductor layer 1124 that is
outer to the region thereof overlapping the first gate elec-
trode 1045.

[0288] As described above in embodiment 7, the first
source region 118a, the first drain region 1185, the first
source/drain region 118¢ and the second source/drain region
1184 are low-resistance regions generated as a result of
being irradiated with laser light from the substrate 102 side.
The first gate electrodes 104a and 1045 are used as masks
against laser irradiation. Therefore, in each of the driving
transistor 126 and the selection transistor 124, regions of the
oxide semiconductor layer 112 other than the region thereof
corresponding to the channel region have a resistance
thereof decreased.

[0289] In the organic EL element 130, the regions of the
first oxide semiconductor layer 112a having the resistance
thereof decreased is used as the first electrode 146, which is
the cathode electrode. In the capacitance element 128, the
first capacitance electrode 160a formed in the same layer as
that of the first gate electrode 104 overlaps the second oxide
semiconductor layer 1125. Therefore, the region of the oxide
semiconductor layer 112 that overlaps the first capacitance
electrode 160a does not have a resistance thereof decreased.
For this reason, a wide opening is formed in the second
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insulating laver 114 to enlarge a region where the second
gate electrode 116a is in contact with the second oxide
semiconductor layer 1125 and overlaps the first capacitance
electrode 160a. With such an arrangement, the second gate
electrode 1164 also acts as the other capacitance electrode.

11-2. Pixel Structure 2

[0290] As described above in embodiment 4, the electron
transfer layer 148 may be individually provided for each
pixel. FI1G. 51, FIG. 52A and FIG. 52B show a structure of
a pixel 1227 in this case. FIG. 51 is a plan view of the pixel
122/ in a display 120 in this embodiment. FIG. 52A shows
a cross-sectional structure taken along line A15-A16 in FIG.
51, and FIG. 52B shows a cross-sectional structure taken
along line B11-B12 in FIG. 51.

[0291] As shown in FIG. 51, the opening 144 provided in
the flattening layer 142 exposes the inside of the first
electrode 146 formed as a result of the resistance of the
oxide semiconductor layer 112 being decreased. As shown
in FIG. 52A, the electron transfer layer 148 is in contact with
the first electrode 146 exposed by the opening 144. The
electron transfer layer 148 is individually provided for each
pixel. For example, the electron transfer layer 148 is not
provided in the entirety of the pixel 1224. For example, as
shown in FIG. 52B, the electron transfer layer 148 does not
need to be provided in a region where the selection transistor
124 is provided. Like in embodiment 4, since the electron
transfer layer 148 is formed to be larger than the opening
144, the light emitting layer 152 is prevented from contact-
ing the oxide semiconductor layer 1124. Since the electron
transfer layer 148 is formed to be smaller than the light
emitting layer 152, the hole transfer layer 154 is prevented
from contacting the electron transfer layer 148.

[0292] As shown in FIG. 52A, since an end of the electron
transfer layer 148 is located outer to the opening 144 (on the
top surface of the flattening layer 142), the first electrode
146 formed of an oxide semiconductor is not exposed
outside. Namely, the first electrode 146 is not exposed to be
etched when the electron transfer layer 148 is formed by
etching. Therefore, the first electrode 146 is not extinguished
by over-etching. This allows the first electrode 146 (in other
words, the oxide semiconductor layer 112a) to be formed to
have the same thickness as that of the channel region of the
transistor.

11-3. Pixel Structure 3

[0293] As described above in embodiment 4, the two
layers of the electron transfer layer 148 and the electron
injection layer 150 may be formed by a lithography step and
an etching step. FIG. 53A and FIG. 53B show a structure of
the pixel 122/ in such a case. FIG. 53A shows a cross-
sectional structure taken along line A15-A16 in the plan
view of FIG. 51, and FIG. 53B shows a cross-sectional
structure taken along line B11-B12 in the plan view of FIG.
51

[0294] As shown in FIG. 53A, both of the electron transfer
layer 148 and the electron injection layer 150 are provided
in correspondence with the organic EL element 130 in each
pixel 122h. In this case, as shown in FIG. 53B, neither
electron transfer layer 148 nor the electron injection layer
150 is provided in a region where the selection transistor 124
is provided. The electron transfer layer 148 and the electron
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injection layer 150 shown in FIG. 53A and FI1G. 53B each
have substantially the same structure as that in embodiment
4.

[0295] As can be seen, in this embodiment, the driving
transistor 126 and the selection transistor 124 included in the
pixel 122/ both have a source region and a drain region
formed as a result of the resistance of the oxide semicon-
ductor layer 112 being decreased. This simplifies the struc-
ture of the transistors, and decreases the source-gate cou-
pling capacitance and the drain-gate coupling capacitance.
[0296] In this embodiment, the channel region of each of
the driving transistor 126 and the selection transistor 124,
and the first electrode 146 acting as the cathode electrode of
the organic EL element 130, are formed of the same oxide
semiconductor layer 112. The source/drain regions 118 and
the second electrode 146 have resistances thereof decreased
as a result of being irradiated with laser light. This simplifies
the production process. In addition, since electron transfer
layer 148 is individually formed for the organic EL element
130 in each pixel 122/, the undesirable possibility that that
the leak current between the pixels 122/ (in other words,
crosstalk) is generated is solved.

Embodiment 12

12-1. Pixel Structure

[0297] The pixel described in embodiment 11 may include
a reflective electrode 164 in the organic EL element 130.
FIG. 54, FIG. 55A and F1G. 55B show a structure of a pixel
122i including the reflective electrode 164 provided between
the first electrode 146 and the electron transfer layer 148.
FIG. 54 is a plan view showing a first structure of the pixel
122i. FIG. 55A shows a cross-sectional structure taken along
line A17-A18 i FIG. 54, and FIG. 55B shows a cross-
sectional structure taken along line B13-B14 in FIG. 54.

[0298] As shown in FIG. 54 and FIG. 55A, the reflective
electrode 164 is provided to be wider than the first electrode
146. An outer end of the reflective electrode 164 is located
outer to the opening 144. As shown in FIG. 55A, the
reflective electrode 164 is in contact with the first electrode
146. On the first electrode 146, the second insulating layer
114 is provided. Therefore, the reflective electrode 164 is
formed after the opening 144a exposing the first electrode
146 is formed in the second insulating layer 114. The
reflective electrode 164 may be formed of the same con-
ductive layer as that of the second gate electrode 116 (the
common line 136 is also formed of the same conductive
layer). Since the reflective electrode 164 is formed of the
same conductive layer as that of the second gate electrode
116 as described above, the number of steps of the produc-
tion process is decreased. Namely, the reflective electrode
164 1s formed merely by forming the opening 144a in the
second insulating layer 114 without adding any other step.
[0299] In the case where the pixel 112/ is of a top
emission type, in which light from the organic EL element
130 is output from the second electrode 158 side, it is
preferable that the reflective electrode 164 is provided on the
first electrode 146 side. It is preferable that the reflective
electrode 164 includes a metal layer having a high reflec-
tance at a surface thereof facing the electron transfer layer
148. The reflective electrode 164 may include, for example,
a first metal layer 166a formed of aluminum (Al), an
aluminum alloy, silver (Ag) or the like. Examples of the
aluminum alloy usable for the first metal layer 1664 include
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an aluminum-neodymium alloy (Al—Nd), an aluminum-
neodymium-nickel alloy (Al—Nd—Ni), an aluminum-car-
bon-nickel (Al—C—Ni), a copper-nickel alloy (Cu—Ni),
and the like.

[0300] An aluminum film may undesirably cause an oxi-
dation-reduction reaction when directly contacting the first
electrode 146, which is formed of an oxide semiconductor.
In order to avoid this, a second metal layer 1665 formed of
a metal material such as titanium (Ti), tantalum (Ta), molyb-
denum (Mo) or the like may be provided between the first
electrode 146 and the first metal layer 166a.

[0301] On the reflective electrode 164, the flattening layer
142 is provided. A surface of the reflective electrode 164 is
exposed by an opening 1445 formed in the flattening layer
142. The electron transfer layer 148 is in contact with the
reflective electrode 164 via the opening 1445 formed in the
flattening layer 142. A thin film formed of an aluminum-
lithium alloy (AlLi), a magnesium-silver alloy (MgAg) or
the like may be provided between the reflective electrode
164 and the electron transfer layer 148.

12-2. Pixel Structure 2

[0302] FIG. 56A and F1G. 56B show a second structure of
the pixel 122i. FIG. 56A shows a cross-sectional structure
taken along line A17-A18 in the plan view of FIG. 54, and
FIG. 56B shows a cross-sectional structure taken along line
B13-B14 in the plan view of FIG. 54. In the second
structure, the electron transfer layer 148 and the electron
injection layer 150 are individually provided for each pixel
122i, like in embodiment 11. Even in the case where the
electron transfer layer 148 and the electron injection layer
150 are individually provided for each pixel 122i, the
organic EL element 130 may include the reflective electrode
164.

12-3. Pixel Structure 3

[0303] FIG. 57 is a plan view showing a third structure of
the pixel 122i. FIG. 58A shows a cross-sectional structure
taken along line A19-A20 in FIG. 57, and FIG. 58B shows
a cross-sectional structure taken along line B15-B16 in FIG.
57. In the third structure, the reflective electrode 164 is
provided below the second insulating layer 114. In this case,
the reflective electrode 164 is formed as follows. The oxide
semiconductor layer 112, the first metal layer 166a and the
second metal layer 1665 are formed on substantially the
entire surface of the substrate 102, and the reflective elec-
trode 164 is formed by use of a multi-gradation photomask
as described above in embodiment 5.

[0304] FIG. 62A and FIG. 62B show an embodiment in
which the electron transfer layer 148 and the electron
injection layer 150 are individually provided for each pixel
122;, like in embodiment 11, in the third structure. Even in
the case where the electron transfer layer 148 and the
electron injection layer 150 are individually provided for
each pixel 122i, the organic EL element 130 may include the
reflective electrode 164.

[0305] As can be seen, in this embodiment, the reflective
electrode 164 is provided in the organic EL element 130, so
that the intensity of the light output from the top emission
type pixel is increased. Namely, the current efficiency of the
organic EL element 130 is increased. In this case, the
reflective electrode 164 is formed of the same conductive
layer as that of the second gate electrode 116. Therefore, the
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number of steps of the production process does not need to
be significantly increased to form the reflective electrode
164 in the organic EL element 130.

Embodiment 13

[0306] In embodiment 13, the electron transfer layer 148
is provided on the oxide semiconductor layer 112q like in
embodiment 5. FIG. 59 is a plan view of a pixel 122/ in this
embodiment. FIG. 60A shows a cross-sectional structure
taken along line A21-A22 in FIG. 59, and FIG. 60B shows
a cross-sectional structure taken along line B17-B18 in FIG.
59.

[0307] The first electrode 146 in contact with the electron
transfer layer 148 is provided in the same layer as that of the
oxide semiconductor layer 112¢ included in the driving
transistor 126, and has the resistance thereof decreased as a
result of being irradiated with laser light from the substrate
102 side. The electron transfer layer 148 is formed by use of
a multi-gradation photomask as in the steps shown in FIG.
31A, FIG. 31B, FIG. 32A, FIG. 32B, FIG. 33A, FIG. 33B,
FIG. 34. FIG. 35A, FIG. 35B, FIG. 36A and FIG. 36B in
embodiment 5.

[0308] FIG. 61A and FIG. 61B show a cross-sectional
structure of the pixel 122/. In the structure shown in FIG.
61A and FIG. 61B, the electron transfer layer 148 and the
electron injection layer 150 provided on the first electrode
146 are formed by use of a multi-gradation photomask,
unlike in the structure shown in FIG. 60A and FIG. 60B.
[0309] The first electrode 146 formed in the oxide semi-
conductor layer 122 has the resistance thereof decreased as
a result of being irradiated with laser light in the ultraviolet
range from the substrate 102 side. This decreases the contact
resistance between the first electrode 146 and the electron
transfer layer 148, and thus a good ohmic junction is formed.
[0310] It is preferable that the oxide semiconductor layer
112a and the first electrode 146 are formed of a tin (Sn)-
based oxide semiconductor not containing zinc (Zn), mag-
nesium (Mg) or the like (e.g., InGaSnO,, InWSnO,, InSiS-
n0,, etc.), and that the electron transfer layer 148 is formed
of a zinc (Zn)-based oxide semiconductor not containing tin
(Sn) (e.g., ZnSiO,, ZnMgO,, ZnGaO_, etc.). With such an
arrangement, the etching rate on the oxide semiconductor
used for the electron transfer layer 148 is made different
from the etching rate on the oxide semiconductor used for
the oxide semiconductor layer 112a, and thus the selection
ratio is increased. In addition, the bandgap relationship of
the oxide semiconductor layer 112a and the first electrode
146 with respect to the electron transfer layer 148 is made
optimal. Specifically, the bandgap of the electron transfer
layer 148 is made larger than that of the oxide semiconduc-
tor layer 1124 and the first electrode 146. For example, the
bandgap of the electron transfer layer 148 is preferably 3.4
eV or greater. In the case where the bandbap of the electron
transfer layer 148 is 3.4 eV or greater, blue light is not
absorbed and thus the reliability is improved.

[0311] The entirety of, or a part of, the illustrative embodi-
ments disclosed above may be defined by the following
supplementary Notes. Any embodiment of the present
invention is not limited to any of the following.

Supplementary Note 1.

[0312] A display device includes a substrate; and a plu-
rality of pixels provided on the substrate. The plurality of
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pixels each include a driving transistor and an organic EL
element electrically connected with the driving transistor;
the driving transistor includes: an oxide semiconductor
layer; a first gate electrode including a region overlapping
the oxide semiconductor layer, the first gate electrode being
provided on a surface of the oxide semiconductor layer
facing the substrate; a first insulating layer provided between
the first gate electrode and the oxide semiconductor layer; a
second gate electrode including a region overlapping the
oxide semiconductor layer and the first gate electrode, the
second gate electrode being provided on a surface of the
oxide semiconductor layer opposite to the surface facing the
substrate; and a second insulating layer provided between
the second gate electrode and the oxide semiconductor layer;
and the organic EL element includes: a light-transmissive
first electrode; a second electrode provided to face the first
electrode; a light emitting layer provided between the first
electrode and the second electrode; and an electron transfer
layer provided between the light emitting layer and the first
electrode; wherein the first electrode is continuous from the
first transparent conductive layer.

Supplementary Note 2.

[0313] The display device according to supplementary
Note 1, wherein the second gate electrode has a width in a
channel length direction larger than a width of the first gate
electrode in the channel length direction.

Supplementary Note 3.

[0314] The display device according to supplementary
Note 1, wherein the region of the second gate electrode
overlapping the oxide semiconductor layer has an area size
larger than an area size of the region of the first gate
electrode overlapping the oxide semiconductor layer.

Supplementary Note 4.

[0315] The display device according to supplementary
Note 1, wherein the electron transfer layer has a carrier
concentration higher than a carrier concentration of the
oxide semiconductor layer.

Supplementary Note 5.

[0316] The display device according to supplementary
Note 1, wherein the electron transfer layer has a bandgap of
3.4 eV or greater, and the oxide semiconductor layer has a
bandgap of 3.0 eV or greater.

Supplementary Note 6.

[0317] The display device according to supplementary
Note 1, wherein the organic EL element further includes an
electron injection layer provided between the electron trans-
fer layer and the light emitting layer.

Supplementary Note 7.

[0318] The display device according to supplementary
Note 6, wherein the electron injection layer is formed of
C12A7 (12Ca0.7A1,0,) electride.

Supplementary Note 8.

[0319] The display device according to supplementary
Note 1, wherein the electron transfer layer is formed of a
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zinc (Zn)-based oxide semiconductor not containing tin
(Sn), and the oxide semiconductor layer is formed of a tin
(Sn)-based oxide semiconductor containing neither zinc
(Zn) nor magnesium (Mg).

Supplementary Note 9.

[0320] The display device according to supplementary
Note 8, wherein: the electron transfer layer contains at least
one selected from zinc oxide, silicon oxide, magnesium
oxide and gallium oxide; and the oxide semiconductor layer
contains tin oxide, indium oxide and at least one selected
from gallium oxide, tungsten oxide and silicon oxide.

Supplementary Note 10.

[0321] The display device according to supplementary
Note 1, further comprising a flattening layer burying the
driving transistor; wherein: the flattening layer has an open-
ing exposing a top surface of the first electrode; and the
electron transfer layer, the light emitting layer and the
second electrode are provided continuously on the top
surface of the first electrode, on an inner wall of the opening
and on a top surface of the flattening layer.

Supplementary Note 11.

[0322] The display device according to supplementary
Note 10, wherein: the organic EL element further includes a
hole transfer layer and a hole injection layer provided
between the light emitting layer and the second electrode;
the hole transfer layer and the hole injection layer are
provided continuously for the plurality of pixels; and the
electron transfer layer is individually provided for each of
the plurality of pixels.

Supplementary Note 12.

[0323] The display device according to supplementary
Note 10, wherein:

[0324] the organic EL element further includes a hole
transfer layer and a hole injection layer provided between
the light emitting layer and the second electrode; the hole
transfer layer and the hole injection layer are provided
continuously for the plurality of pixels; and the electron
transfer layer and the electron injection layer are individu-
ally provided for each of the plurality of pixels.

Supplementary Note 13.

[0325] The display device according to supplementary
Note 11, wherein an end of the electron transfer layer is
located outer to the opening and inner to an end of the light
emitting layer.

Supplementary Note 14.

[0326] The display device according to supplementary
Note 12, wherein an end of the electron transfer layer and an
end of the electron injection layer are located outer to the
opening and inner to an end of the light emitting layer.

Supplementary Note 15.

[0327] The display device according to supplementary
Note 1, further comprising a reflective electrode provided
between the first electrode and the electron transfer layer.
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Supplementary Note 16.

[0328] The display device according to supplementary
Note 15, wherein the reflective electrode is provided in the
same layer as that of the second gate electrode.

1. A display device, comprising:

an oxide semiconductor layer on a substrate;

a first gate electrode between the substrate and the oxide
semiconductor layer;

a second gate electrode on a side of the oxide semicon-
ductor layer opposite to the substrate;

a first insulating layer between the first gate electrode and
the oxide semiconductor layer;

a second insulating layer between the oxide semiconduc-
tor layer and the second gate electrode;

a first transparent conductive layer and a second trans-
parent conductive layer on the substrate side of the
oxide semiconductor layer;

a gate signal line between the substrate and the first
insulating layer; and

a data signal line between the first transparent conductive
layer and the oxide semiconductor layer,

wherein

the first transparent conductive layer and the second
transparent conductive layer are spaced apart from each
other,

the first gate electrode and the second gate electrode have
a region overlapping a region where the first transpar-
ent conductive layer and the second transparent con-
ductive layer are spaced apart from each other,

the first transparent conductive layer and the second
transparent conductive layer are in contact with the
oxide semiconductor layer,

the first gate electrode is continuous with the gate signal
line in the same layer, and

the second gate electrode is connected to the gate signal
line via a contact hole which though the first insulating
layer and the second insulating layer in a region outside
the oxide semiconductor layer.

2. The display device according to claim 1,

wherein a surface of the oxide semiconductor layer facing
the substrate has a first region in contact with the first
transparent conductive layer and a second region in
contact with the second transparent conductive layer.

3. The display device according to claim 1,

wherein the data signal line is electrically connected to the
oxide semiconductor layer and the first transparent
conductive layer.

4. The display device according to claim 3,

wherein a first end of the first transparent conductive layer
overlaps the first gate electrode and the second gate
electrode, and a first end of the second transparent
conductive layer overlaps the first gate electrode and
the second gate electrode.

5. The display device according to claim 4,

wherein the data signal line is arranged on a second end
opposite to the first end of the first transparent conduc-
tive layer.

6. The display device according to claim 5,

wherein the oxide semiconductor layer has a channel
region overlapping the first gate electrode and the
second gate electrode,



US 2019/0341437 Al

wherein the first end of the first transparent conductive
layer is adjacent to the channel region, and the first end
of the second transparent conductive layer is adjacent
to the channel region, and

wherein the data signal line is arranged apart from the
channel region.

7. The display device according to claim 1,

wherein the oxide semiconductor layer contains at least
one element, or a plurality of elements selected from
indium (In), zinc (Zn), gallium (Ga), tin (Sn), alumi-
num (Al), and magnesium (Mg), and

wherein the first transparent conductive layer and the
second transparent conductive layer are conductive
metal oxide.

8. A display device, comprising:

a gate signal line on a substrate;

a data signal line intersecting the gate signal line;

a first gate electrode continuous with the gate signal line;

a first insulating layer on the gate signal line and the first
gate electrode;

an oxide semiconductor layer on the first insulating layer
and including a region overlapping the first gate elec-
trode;

a first transparent conductive layer and a second trans-
parent conductive layer between the first insulating
layer and the oxide semiconductor layer;

a second insulating layer on the oxide semiconductor
layer; and

a second gate electrode on the second insulating layer and
including a region overlapping the first gate electrode
and the oxide semiconductor layer,

wherein

the first transparent conductive layer and the second
transparent conductive layer are spaced apart from each
other,

the first gate electrode and the second gate electrode have
a region overlapping a region where the first transpar-
ent conductive layer and the second transparent con-
ductive layer are spaced apart from each other,

the first transparent conductive layer and the second
transparent conductive layer are in contact with the
oxide semiconductor layer,

the second gate electrode is connected to the gate signal
line via a contact hole which though the first insulating
layer and the second insulating layer in a region outside
the oxide semiconductor layer, and

the data signal line is arranged between the first transpar-
ent conductive layer and the oxide semiconductor layer.

9. The display device according to claim 8,

wherein the data signal line is in contact with the oxide
semiconductor layer and the first transparent conduc-
tive layer.
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10. The display device according to claim 9,

wherein a first end of the first transparent conductive layer
and a first end of the second transparent conductive
layer are arranged to face each other, and

wherein the first end of the first transparent conductive
layer and the first end of the second conductive layer
are overlap the first gate electrode and the second gate
electrode.

11. The display device according to claim 10,

wherein the data signal line is arranged on a second end
opposite to the first end of the first transparent conduc-
tive layer.

12. The display device according to claim 10,

wherein the oxide semiconductor layer has a channel
region overlapping the first gate electrode and the
second gate electrode,

wherein the first end of the first transparent conductive
layer is adjacent to the channel region, and the first end
of the second transparent conductive layer is adjacent
to the channel region, and

wherein the data signal line is arranged apart from the
channel region.

13. The display device according to claim 9,

wherein the oxide semiconductor layer is overlapped the
data signal line.

14. The display device according to claim 8,

wherein the oxide semiconductor layer contains at least
one element, or a plurality of elements selected from
indium (In), zinc (Zn), gallium (Ga), tin (Sn), alumi-
num (Al), and magnesium (Mg).

15. The display device according to claim 8,

wherein the first transparent conductive layer and the
second transparent conductive layer are conductive
metal oxide.

16. The display device according to claim 8,

wherein a width of the second gate electrode is larger than
a width of the first gate electrode.

17. The display device according to claim 8,

wherein an area in which the second gate electrode
overlaps with the oxide semiconductor layer is larger
than an area in which the first gate electrode overlaps
with the oxide semiconductor layer.

18. The display device according to claim 8,

further comprising a first capacitance electrode between
the substrate and the first insulating layer and a second
capacitance electrode overlapping the first capacitance
electrode on the first insulating layer, and

wherein the second transparent conductive layer extends
between the first insulating layer and the second capaci-
tance electrode and is in contact with the second
capacitance electrode.
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