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(57) ABSTRACT

An organic EL display apparatus includes a substrate, and a
pixel circuit provided for each pixel. The pixel circuit
includes a first oxide semiconductor TFT having a first oxide
semiconductor layer, and a second oxide semiconductor
TFT having a second oxide semiconductor layer. The first
oxide semiconductor TFT has a top-gate structure. The
second oxide semiconductor TFT has a bottom-gate struc-
ture. The second oxide semiconductor TFT has a shield
electrode that is disposed on an insulating layer disposed on
the second oxide semiconductor layer, facing the second
oxide semiconductor layer.
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ORGANIC EL DISPLAY APPARATUS AND
ACTIVE MATRIX SUBSTRATE

BACKGROUND

1. Technical Field

[0001] The present invention relates to organic EL display
apparatuses and active matrix substrates, and more particu-
larly, to organic EL display apparatuses and active matrix
substrates including oxide semiconductor TFTs.

2. Description of the Related Art

[0002] Thanks to the advances of the organic light emit-
ting diode (OLED) technology, products having an organic
electroluminescent (EL) display apparatus as a display sec-
tion, ranging from large-sized televisions to high-definition
smartphones, have in recent years been becoming wide-
spread. As thin-film transistors (TFTs) for the backplanes of
OLEDs, low-temperature polysilicon (LUTPS)-TFTs have
currently been widely used. It has been proposed that
LTPS-TFTs may be replaced by oxide semiconductor TFTs,
which are suitable for large areas and higher definition (e.g.,
Japanese Laid-Open Patent Publication No. 2015-195363).
There has also been an increasing demand for production of
TFTs using lower-cost processes.

[0003] A typical organic EL display apparatus has a pixel
circuit including two TFTs and one capacitive element
(storage capacitor). One of the two TFTs is called a selection
TFT; and the other, a drive TFT. An example pixel circuit for
an organic EL display apparatus is shown in FIG. 14. FIG.
14 is a cross-sectional view showing a pixel circuit 900Pc
for a bottom-emission organic EL display apparatus. The
pixel circuit 900Pc of FIG. 14 includes a selection TFT 910,
a drive TFT 920, and a storage capacitor 930.

[0004] The selection TFT 910 has a gate electrode 911, a
gate insulating layer 912, an oxide semiconductor layer 913,
a source electrode 914, and a drain electrode 915. The drive
TFT 920 similarly has a gate electrode 921, a gate insulating
layer 922, an oxide semiconductor layer 923, a source
electrode 924, and a drain electrode 925.

[0005] The selection TFT 910 and the drive TFT 920 are
supported by a substrate 901. An underlying insulating layer
(base coat layer) 902 is disposed on the substrate 901. The
oxide semiconductor layers 913 and 923 are disposed on the
underlying insulating layer 902.

[0006] The gate insulating layers 912 and 922 are disposed
on the oxide semiconductor layers 913 and 923, respec-
tively. The gate electrodes 911 and 921 are disposed on the
gate insulating layers 912 and 922, respectively. An inter-
layer insulating layer 903 is provided to cover the oxide
semiconductor layers 913 and 923 and the gate electrodes
911 and 921. The source electrodes 914 and 924 and the
drain electrodes 915 and 925 are disposed on the interlayer
insulating layer 903. The source electrode 914 and the drain
electrode 915 are connected to the oxide semiconductor
layer 913 through contact holes formed in the interlayer
insulating layer 903. The source electrode 924 and the drain
electrode 925 are connected to the oxide semiconductor
layer 923 through contact holes formed in the interlayer
insulating layer 903. A storage capacitor electrode 931 is
also disposed on the interlayer insulating layer 903. The
storage capacitor electrode 931 is electrically connected to
the gate electrode 921 of the drive TFT 920.
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[0007] 1In the example of FIG. 14, the selection TFT 910
and the drive TFT 920 both have a top-gate structure. A
protection layer 905 is provided to cover the selection TFT
910 and the drive TFT 920. A color filter layer 906 is
disposed on the protection layer 905. A planarization layer
907 is provided to cover the color filter layer 906.

[0008] An anode 941 is disposed on the planarization layer
907. The anode 941 is electrically connected to the drain
electrode 925 of the drive TFT 920.

[0009] A bank 908 is disposed between adjacent pixels.
The bank 908 covers a portion of the pixel electrode 941. An
organic EL layer 942 is disposed on the pixel electrode 941.
A cathode 943 is disposed on the organic EL layer 942. The
cathode 943 continuously spreads throughout a display
region.

[0010] The storage capacitor 930 includes a capacitor that
is formed by the storage capacitor electrode 931, the anode
941, and the protection layer 905 interposed therebetween,
and a capacitor that is formed by the storage capacitor
electrode 931, the oxide semiconductor layer 923, and the
interlayer insulating layer 903 interposed therebetween.

SUMMARY

[0011] The selection TFT has the function of changing a
voltage applied to the drive TFT to select the pixel. Mean-
while, the drive TFT has the function of supplying a current
required for light emission. Thus, the selection TFT and the
drive TFT have the different functions, and therefore, may
require different characteristics.

[0012] The emission intensity of each pixel is directly
controlled by the drive TFT. Therefore, variations in the TFT
characteristics of the drive TFT result in variations in
emission intensity, leading to defective display quality such
as irregular luminance and burn-in. Therefore, pixel circuits
for organic EL display apparatuses, particularly drive TFTs,
are required to have not only high mobility, but also a highly
uniform flowing current and high reliability.

[0013] One non-limiting, and exemplary embodiment pro-
vides an organic EL display apparatus and active matrix
substrate having a feature that a plurality of oxide semicon-
ductor TFTs having different required characteristics coexist
appropriately.

[0014] In one general aspect, an organic EL display appa-
ratus disclosed herein having a plurality of pixels arranged
in a matrix, includes a substrate, and a pixel circuit provided
for each of the plurality of pixels. The pixel circuit includes
a plurality of oxide semiconductor TFTs supported on the
substrate, the plurality of oxide semiconductor TFTs includ-
ing a first oxide semiconductor TFT having a first oxide
semiconductor layer and a second oxide semiconductor TFT
having a second oxide semiconductor layer. The first oxide
semiconductor TFT has the first oxide semiconductor layer
disposed on a first insulating layer disposed on the substrate,
a first gate insulating layer disposed on the first oxide
semiconductor layer, a first gate electrode disposed on the
first gate insulating layer, facing the first oxide semiconduc-
tor layer, and a first source electrode and a first drain
electrode electrically connected to the first oxide semicon-
ductor layer. The second oxide semiconductor TFT has a
second gate electrode disposed on the substrate, a second
gate insulating layer covering the second gate electrode, the
second oxide semiconductor layer disposed on the second
gate insulating layer, facing the second gate electrode, a
second source electrode and a second drain electrode elec-
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trically connected to the second oxide semiconductor layer,
and a shield electrode disposed on a second insulating layer
disposed on the second oxide semiconductor layer, facing
the second oxide semiconductor layer.

[0015] In one non-limiting, and exemplary embodiment,
the pixel circuit includes a selection TFT, a drive TFT, and
a capacitive element. The second oxide semiconductor TFT
is the drive TFT.

[0016] In one non-limiting, and exemplary embodiment,
the first oxide semiconductor TFT is the selection TFT.
[0017] In one non-limiting, and exemplary embodiment, a
length of the second gate electrode in a channel length
direction of the second oxide semiconductor TFT is greater
than a length of the shield electrode in the channel length
direction.

[0018] In one non-limiting, and exemplary embodiment, a
fixed potential is applied to the shield electrode.

[0019] In one non-limiting, and exemplary embodiment,
the fixed potential is a ground potential.

[0020] In one non-limiting, and exemplary embodiment,
substantially the same potential that is applied to the second
gate electrode is applied to the shield electrode.

[0021] In one non-limiting, and exemplary embodiment,
the first insulating layer and the second gate insulating layer
are disposed in the same layer. The first oxide semiconductor
layer and the second oxide semiconductor layer are disposed
in the same layer. The first gate insulating layer and the
second insulating layer are disposed in the same layer. The
first gate electrode and the shield electrode are disposed in
the same layer. The first source electrode, the first drain
electrode, the second source electrode, and the second drain
electrode are disposed in the same layer.

[0022] In one non-limiting, and exemplary embodiment,
the organic EL display apparatus further includes a protec-
tion layer covering the pixel circuit, a pixel electrode dis-
posed on the protection layer and electrically connected to
the pixel circuit, an organic EL layer disposed on the pixel
electrode, and an upper electrode disposed on the organic EL
layer.

[0023] In one non-limiting, and exemplary embodiment,
the first oxide semiconductor layer and the second oxide
semiconductor layer each contain an In—Ga—7n—O semi-
conductor.

[0024] In one non-limiting, and exemplary embodiment,
the In—Ga—Zn—0 semiconductor includes a crystalline
portion.

[0025] In another general aspect, an active matrix sub-
strate disclosed herein having a display region defined by a
plurality of pixel regions arranged in a matrix, and a
peripheral region located around the display region, includes
a substrate, and a peripheral circuit monolithically formed
on the substrate in the peripheral region. The peripheral
circuit includes a plurality of oxide semiconductor TFTs
supported on the substrate, the plurality of oxide semicon-
ductor TFTs including a first oxide semiconductor TFT
having a first oxide semiconductor layer and a second oxide
semiconductor TFT having a second oxide semiconductor
layer. The first oxide semiconductor TFT has the first oxide
semiconductor layer disposed on a first insulating layer
disposed on the substrate, a first gate insulating layer dis-
posed on the first oxide semiconductor layer, a first gate
electrode disposed on the first gate insulating layer, facing
the first oxide semiconductor layer, and a first source elec-
trode and a first drain electrode electrically connected to the
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first oxide semiconductor layer. The second oxide semicon-
ductor TFT has a second gate electrode disposed on the
substrate, a second gate insulating layer covering the second
gate electrode, the second oxide semiconductor layer dis-
posed on the second gate insulating layer, facing the second
gate electrode, a second source electrode and a second drain
electrode electrically connected to the second oxide semi-
conductor layer, and a shield electrode disposed on a second
insulating layer disposed on the second oxide semiconductor
layer, facing the second oxide semiconductor layer.

[0026] In one non-limiting, and exemplary embodiment, a
length of the second gate electrode in a channel length
direction of the second oxide semiconductor TFT is greater
than a length of the shield electrode in the channel length
direction.

[0027] In one non-limiting, and exemplary embodiment, a
fixed potential is applied to the shield electrode.

[0028] In one non-limiting, and exemplary embodiment,
the fixed potential is a ground potential.

[0029] In one non-limiting, and exemplary embodiment,
substantially the same potential that is applied to the second
gate electrode is applied to the shield electrode.

[0030] In one non-limiting, and exemplary embodiment,
the first insulating layer and the second gate insulating layer
are disposed in the same layer. The first oxide semiconductor
layer and the second oxide semiconductor layer are disposed
in the same layer. The first gate insulating layer and the
second insulating layer are disposed in the same layer. The
first gate electrode and the shield electrode are disposed in
the same layer. The first source electrode, the first drain
electrode, the second source electrode, and the second drain
electrode are disposed in the same layer.

[0031] In one non-limiting, and exemplary embodiment,
the first oxide semiconductor layer and the second oxide
semiconductor layer each contain an In—Ga—7n—O semi-
conductor.

[0032] In one non-limiting, and exemplary embodiment,
the In—Ga—7Zn—O0 semiconductor includes a crystalline
portion.

[0033] According to the above aspects, it is possible to
provide an organic EL display apparatus and active matrix
substrate having a configuration in which a plurality of oxide
semiconductor TFTs having different required characteris-
tics coexist appropriately.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] FIG. 1 is a plan view schematically showing an
organic EL display apparatus 100.

[0035] FIG. 2 is an equivalent circuit diagram showing a
pixel circuit Pc of the organic EL display apparatus 100.
[0036] FIG. 3 is a cross-sectional view schematically
showing the organic EL display apparatus 100.

[0037] FIGS. 4A and 4B are graphs showing gate voltage-
drain current (Vg-1d) characteristics of a selection TFT 10
and a drive TFT 20, respectively.

[0038] FIGS. 5A and 5B are graphs showing drain volt-
age-drain current (Vd-Id) characteristics of the selection
TFT 10 and the drive TFT 20, respectively.

[0039] FIG. 6 is a graph showing gate voltage-drain cur-
rent characteristics of the drive TFT 20 that are obtained
when a fixed potential applied to a shield electrode 26 of the
drive TFT 20 is changed.

[0040] FIG. 7 is a cross-sectional view schematically
showing the organic EL display apparatus 100.
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[0041] FIGS. 8A-8D are cross-sectional views schemati-
cally showing steps in a production process of the organic
EL display apparatus 100.

[0042] FIGS. 9A-9C are cross-sectional views schemati-
cally showing steps in the production process of the organic
EL display apparatus 100.

[0043] FIGS. 10A-10C are cross-sectional views sche-
matically showing steps in the production process of the
organic EL display apparatus 100.

[0044] FIG. 11 is a diagram for explaining that the resis-
tance values of a first oxide semiconductor layer 13 and a
second oxide semiconductor 23 can be changed in a step-
wise manner by a plasma treatment.

[0045] FIG. 12 is an equivalent circuit diagram showing
another example pixel circuit Pc of the organic EL display
apparatus 100.

[0046] FIG. 13 is a plan view schematically showing an
active matrix substrate 200 according to an embodiment of
the present invention.

[0047] FIG. 14 is a cross-sectional view showing a pixel
circuit 900Pc of a bottom-emission organic EL display
apparatus.

DETAILED DESCRIPTION

[0048] Embodiments of the present invention will now be
described with reference to the accompanying drawings.
Note that the present invention is in no way intended to be
limited to the embodiments described below.

First Embodiment

[0049] An organic EL display apparatus 100 according to
this embodiment will be described with reference to FIG. 1.
FIG. 1 is a plan view schematically showing the organic EL
display apparatus 100.

[0050] As shown in FIG. 1, the organic EL display appa-
ratus 100 has a plurality of pixels P arranged in a matrix. The
pixels P typically include red pixels for displaying red, green
pixels for displaying green, and blue pixels for displaying
blue.

[0051] The organic EL display apparatus 100 also includes
a substrate 1, and pixel circuits (not shown in FIG. 1), one
for each pixel P. FIG. 2 shows an example pixel circuit.
[0052] The pixel circuit Pc of FIG. 2 includes a selection
TFT 10, a drive TFT 20, and a capacitive element (storage
capacitor) 30. The selection TFT 10 and the drive TFT 20 are
supported by the substrate 1, and are each an oxide semi-
conductor TFT having an oxide semiconductor layer.
[0053] The gate electrode of the selection TFT 10 is
connected to a gate line GL. The source electrode of the
selection TFT 10 is connected to a source line SL. The drain
electrode of the selection TFT 10 is connected to the gate
electrode of the drive TFT 20 and the capacitive element 30.
The source electrode of the drive TFT 20 is connected to a
current supply line CL. The drain electrode of the drive TFT
20 is connected to an organic light emitting diode (OLED)
40.

[0054] When an on-signal is supplied from the gate line
GL to the gate electrode of the selection TFT 10, the
selection TFT 10 is turned on, so that a signal voltage
(corresponding to a desired luminance of light emitted by
the OLED 40) is applied from the source line SL through the
selection TFT 10 to the capacitive element 30 and the gate
electrode of the drive TFT 20. When the drive TFT 20 is
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turned on by the signal voltage, a current flows from the
current supply line CL through the drive TFT 20 to the
OLED 40, which then emits light.

[0055] In the pixel circuit 900Pc of FIG. 14, the selection
TFT 910 and the drive TFT 920 both have a top-gate
structure (i.e., the same structure). In contrast to this, in the
pixel circuit Pc of this embodiment, the selection TFT and
the drive TFT 20 have different structures. The structures of
the selection TFT 10 and the drive TFT 20 will now be
described with reference to FIG. 3. FIG. 3 is a cross-
sectional view schematically showing a region of the
organic EL display apparatus 100 in which the selection TFT
10 and the drive TFT 20 are formed. Note that in FIG. 3, no
constituent elements disposed above a protection layer 5 are
shown. In other words, FIG. 3 shows an active matrix
substrate of the organic EL display apparatus 100 that
functions as a backplane.

[0056] The selection TFT 10 has a first gate electrode 11,
a first gate insulating layer 12, a first oxide semiconductor
layer 13, a first source electrode 14, and a first drain
electrode 15.

[0057] The first oxide semiconductor layer 13 is disposed
on a first insulating layer 2 disposed on the substrate 1. The
first oxide semiconductor layer 13 includes a channel region
134, and a source region 136 and a drain region 13¢ that are
located on opposite sides of the channel region 13a. In the
source region 135 and the drain region 13¢, the resistance of
the oxide semiconductor has been reduced. In the channel
region 13a, the resistance of the oxide semiconductor has
not been reduced.

[0058] The first gate insulating layer 12 is disposed on the
first oxide semiconductor layer 13. In the example of FIG.
3, the first gate insulating layer 12 overlaps the channel
region 13a of the first oxide semiconductor layer 13.
[0059] The first gate electrode 11 is disposed on the first
gate insulating layer 12. The first gate electrode 11 faces the
first oxide semiconductor layer 13. More specifically, the
first gate electrode 11 faces the channel region 13a of the
oxide semiconductor layer 13.

[0060] Aninterlayer insulating layer 3 is provided to cover
the first oxide semiconductor layer 13 and the first gate
electrode 11. The first source electrode 14 and the first drain
electrode 15 are disposed on the interlayer insulating layer
3. The first source electrode 14 and the first drain electrode
15 are electrically connected to the first oxide semiconductor
layer 13. Specifically, the first source electrode 14 and the
first drain electrode 15 are connected to the source region
135 and the drain region 13¢, respectively, of the first oxide
semiconductor layer 13 through a first contact hole CH1 and
a second contact hole CH2, respectively, that are formed in
the interlayer insulating layer 3.

[0061] Thus, the selection TFT 10 has a top-gate structure.
[0062] The drive TFT 20 has a second gate electrode 21,
a second gate insulating layer 22, a second oxide semicon-
ductor layer 23, a second source electrode 24, and a second
drain electrode 25.

[0063] The second gate electrode 21 is disposed on the
substrate 1.
[0064] The second gate insulating layer 22 is provided to

cover the second gate electrode 21. The second gate insu-
lating layer 22 is formed of the same insulating film of which
the first insulating layer 2 is formed. In other words, the first
insulating layer 2 and the second gate insulating layer 22 are
disposed in the same layer. More specifically, the first
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insulating layer 2 is provided in not only a region where the
selection TFT 10 is provided, but also a region where the
drive TFT 20 is provided. A portion of the first insulating
layer 2 that covers the second gate electrode 21 (i.e.,
overlaps the second gate electrode 21) functions as the
second gate insulating layer 22.

[0065] The second oxide semiconductor layer 23 is dis-
posed on the second gate insulating layer 22. The second
oxide semiconductor layer 23 faces the second gate elec-
trode 21. The second oxide semiconductor layer 23 includes
a channel region 23a, and a source region 235 and a drain
region 23¢ that are located on opposite sides of the channel
region 23a. In the source region 235 and the drain region
23¢, the resistance of the oxide semiconductor has been
reduced. In the channel region 23a, the resistance of the
oxide semiconductor has not been reduced. The second
oxide semiconductor layer 23 is formed of the same oxide
semiconductor film of which the first oxide semiconductor
layer 13 is formed. In other words, the first oxide semicon-
ductor layer 13 and the second oxide semiconductor layer 23
are disposed in the same layer.

[0066] The interlayer insulating layer 3 covers the second
oxide semiconductor layer 23. The second source electrode
24 and the second drain electrode 25 are disposed on the
interlayer insulating layer 3. The second source electrode
and the second drain electrode 25 are electrically connected
to the second oxide semiconductor layer 23. Specifically, the
second source electrode 24 and the second drain electrode
25 are connected to the source region 235 and the drain
region 23c¢, respectively, of the second oxide semiconductor
layer 23 through a third contact hole CH3 and a fourth
contact hole CH4, respectively, that are formed in the
interlayer insulating layer 3. The second source electrode 24
and the second drain electrode 25 are formed of the same
conductive film of which the first source electrode 14 and the
first drain electrode 15 are formed. In other words, the first
source electrode 14, the first drain electrode 15, the second
source electrode 24, and the second drain electrode 25 are
disposed in the same layer.

[0067] Thus, the drive TFT 20 has a bottom-gate structure.
The drive TFT 20 further has a shield electrode 26. The
shield electrode 26 is disposed on a second insulating layer
4 disposed on the second oxide semiconductor layer 23,
facing the second oxide semiconductor layer 23. More
specifically, the second insulating layer 4 overlaps the chan-
nel region 23a of the second oxide semiconductor layer 23,
and the shield electrode 26 faces the channel region 23a of
the second oxide semiconductor layer 23. The second insu-
lating layer 4 is formed of the same insulating film of which
the first gate insulating layer 12 is formed. In other words,
the first gate insulating layer 12 and the second insulating
layer 4 are disposed in the same layer. The shield electrode
26 is formed of the same conductive film of which the first
gate electrode 11 is formed. In other words, the first gate
electrode 11 and the shield electrode 26 are disposed in the
same layer. Here, a fixed potential (e.g., a ground potential)
is applied to the shield electrode 26.

[0068] In the example of FIG. 3, a length of the second
gate electrode 21 in a channel length direction of the drive
TFT 20 is greater than a length of the shield electrode 26 in
the channel length direction. Therefore, the second gate
electrode 21 overlaps not only the channel region 23a of the
second oxide semiconductor layer 23, but also a portion of
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the source region 23b and a portion of the drain region 23¢
(i.e., portions of the resistance-reduced regions).

[0069] A protection layer 5 is provided to cover the pixel
circuit Pe including the selection TFT 10 and the drive TFT
20, i.e., the entire pixel circuit Pc. A pixel electrode, etc. (not
shown), are provided on the protection layer 5. Although
FIG. 3 does not explicitly show the capacitive element 30,
the capacitive element 30 may be configured by a pair of
electrodes, and an insulating layer (dielectric layer) inter-
posed therebetween. The pair of electrodes included in the
capacitive element 30 are, for example, a conductive layer
electrically connected to the second gate electrode 21 of the
drive TFT 20 (i.e., the first drain electrode 15 of the selection
TFT 10), and a conductive layer electrically connected to the
second drain electrode 25 of the drive TFT 20.

[0070] As described above, in the organic EL display
apparatus 100 of this embodiment, the oxide semiconductor
TFT 10 having the top-gate structure and the oxide semi-
conductor TFT 20 having the bottom-gate structure are
separately formed in the pixel circuit Pc. Thus, a plurality of
oxide semiconductor TFTs having different required char-
acteristics (here, the selection TFT 10 and the drive TFT 20)
can coexist appropriately. The oxide semiconductor TFT 20
having the bottom-gate structure has the shield electrode 26.
The shield electrode 26 facing the second oxide semicon-
ductor layer 23 can have the effect of blocking external
electric field during operation of the TFT. The electric field
blocking effect of the shield electrode 26 can increase the
uniformity of a current flow caused by the drive TFT 20, and
improve the reliability of the drive TFT 20. Thus, preferable
characteristics of the drive TFT 20 can be achieved. Advan-
tages that are obtained by the configuration of this embodi-
ment will now be described in greater detail.

[0071] In the above configuration, the electrodes and insu-
lating layers of the selection TFT 10 and the drive TFT 20
have the following relationships.

[0072] (1) The first insulating layer 2 and the second gate
insulating layer 22 are disposed in the same layer.

[0073] (2) The first oxide semiconductor layer 13 and the
second oxide semiconductor layer 23 are disposed in the
same layer.

[0074] (3) The first gate insulating layer 12 and the second
insulating layer 4 are disposed in the same layer.

[0075] (4) The first gate electrode 11 and the shield
electrode 26 are disposed in the same layer.

[0076] (5) The first source electrode 14, the first drain
electrode 15, the second source electrode 24, and the second
drain electrode 25 are disposed in the same layer.

[0077] Therefore, compared to the conventional configu-
ration in which all oxide semiconductor TFTs in a pixel
circuit have a top-gate structure (FIG. 14), the production of
the pixel circuit Pc of this embodiment additionally includes
only a step of forming the second gate electrode 21 between
the substrate 1 and the second gate insulating layer 22, in
order to achieve the configuration in which the selection
TFT 10 having the top-gate structure and the drive TFT 20
having the bottom-gate structure coexist.

[0078] As described below, the selection TFT 10 may have
a self-aligned top-gate structure that is formed by perform-
ing a resistance reduction treatment on the oxide semicon-
ductor film using the first gate electrode 11 as a mask.
Therefore, the resistance reduction and the reduction of load
capacitance of the TFT can advantageously be achieved by
a relatively low-cost process.
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[0079] In addition, the field blocking effect of the shield
electrode 26 of the drive TFT 20 can improve the uniformity
and reliability of the TFT. Note that during the production,
the shield electrode 26 functions as a mask in the resistance
reduction treatment for the oxide semiconductor. The shield
electrode 26 also has the effect of reducing the concentration
of electric field to the drain end and thereby improving the
source-drain breakdown voltage.

[0080] The length of the second gate electrode 21 in the
channel length direction of the drive TFT 20 is greater than
the length of the shield electrode 26 in the channel length
direction. Therefore, the second gate electrode 21 overlaps
not only the channel region 23a of the second oxide semi-
conductor layer 23, but also a portion of the source region
235 and a portion of the drain region 23¢, i.e., the drive TFT
20 has the so-called gate-overlapped drain (GOLD) struc-
ture. Therefore, the reliability is further improved.

[0081] The greater length of the second gate electrode 21
(the second gate electrode 21 overlaps not only the channel
region 23a, but also a portion of the source region 235 and
a portion of the drain region 23¢) means that the actual
channel length is greater than the actual length of the
channel region 23a. A change in channel length affects TFT
characteristics.

[0082] FIGS. 4A and 4B show input characteristics of the
selection TFT 10 and the drive TFT 20. FIGS. 4A and 4B are
graphs showing gate voltage-drain current (Vg-Id) charac-
teristics. Comparison between FIG. 4A and FIG. 4B shows
that the selection TFT 10 has a greater on-state drain current
(on-current) Ion and a smaller S factor (subthreshold coef-
ficient) than those of the drive TFT 20. Therefore, it can be
seen that the on-current Ion decreases and the S factor
becomes worse with an increase in the channel length.

[0083] FIGS.5A and 5B show output characteristics of the
selection TFT 10 and the drive TFT 20. FIGS. 5A and 5B are
graphs showing drain voltage-drain current (Vd-Id) charac-
teristics. Comparison between FIG. 5A and FIG. 5B shows
that the drive TFT 20 has smaller current changes with
respect to voltage changes than those of the selection TFT 10
(saturation properties are improved). Therefore, it can be
seen that as the channel length increases, the uniformity of
a flowing current increases, and therefore, required perfor-
mance of the drive TFT 20 is more easily satisfied.

[0084] Here, the potential applied to the shield electrode
26 will be described.

[0085] As described above, the fixed potential applied to
the shield electrode 26 is, for example, the ground potential
(i.e., 0 V). By fixing the potential of the shield electrode 26
to the ground potential, drive stability is improved.

[0086] Alternatively, the potential of the shield electrode
26 may be fixed to potentials other than the ground potential.
FIG. 6 shows example gate voltage-drain current character-
istics of the drive TFT 20 that are obtained when the fixed
potential Vsh applied to the shield electrode 26 is changed.
As can be seen from FIG. 6, the threshold voltage of the
drive TFT 20 can be controlled by adjusting the fixed
potential applied to the shield electrode 26. Therefore, for
example, the consumed power of the organic EL display
apparatus 100 can be reduced.

[0087] Alternatively, substantially the same potential that
is applied to the second gate electrode 21 may be applied to
the shield electrode 26. As a result, the so-called double-gate
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drive can be performed, and therefore, the on-current Ion
can be increased, whereby driving capability can be further
improved.

[0088] FIG. 7 shows an example arrangement of pixel
electrodes, etc., that are disposed above the protection layer
5. In the example of FIG. 7, a color filter layer 6 is disposed
on the protection layer 5, and a planarization layer 7 is
provided to cover the color filter layer 6. A pixel electrode
41 is disposed on the planarization layer 7. The pixel
electrode 41 is provided for each pixel P, and is electrically
connected to the pixel circuit Pc. More specifically, the pixel
electrode 41 is electrically connected to the second drain
electrode 25 of the drive TFT 20, and functions as, for
example, an anode. In the example of FIG. 7, the pixel
electrode 41 is extended to a region above the drive TFT 20
where the planarization layer 7 is not formed, and is con-
nected to the second drain electrode 25 through a pixel
contact hole CHP formed in the protection layer 5.

[0089] A bank 8 formed of an insulating material is
disposed between adjacent pixels. The bank 8 covers a
portion of the pixel electrode 41.

[0090] An organic EL layer 42 is disposed on the pixel
electrode 41 of each pixel P. The organic EL layer 42 has a
multilayer structure including a plurality of layers formed of
an organic semiconductor material. The multilayer structure
includes, for example, a hole injection layer, a hole transport
layer, a light emission layer, an electron transport layer, and
an electron injection layer in that order with the hole
injection layer closest to the pixel electrode 41.

[0091] An upper electrode 43 is disposed on the organic
EL layer 42. The upper electrode 43 continuously spreads
throughout the display region, and functions as, for example,
a cathode.

[0092] Next, a production method for the organic EL
display apparatus 100 of this embodiment will be described
with reference to FIGS. 8A-8D, 9A-9C, and 10A-10C.
FIGS. 8A-8D, 9A-9C, and 10A-10C are cross-sectional
views schematically showing steps in a production process
of the organic EL display apparatus 100.

[0093] Initially, as shown in FIG. 8A, the second gate
electrode 21 is formed on the substrate 1. Specifically, for
example, the second gate electrode 21 can be formed by
depositing a conductive film on the substrate 1 by sputtering,
and thereafter, patterning the conductive film by a photoli-
thography process and dry etching. The substrate 1 can, for
example, be a glass substrate, silicon substrate, or heat-
resistant plastic substrate (resin substrate). Examples of a
material for the plastic substrate (resin substrate) include
polyethylene terephthalate (PET), polyethylene naphthalate
(PEN), polyether sulfones (PESs), acrylic resins, and poly-
imides. Examples of a material for the conductive film
include metals such as aluminum (Al), tungsten (W), molyb-
denum (Mo), tantalum (Ta), chromium (Cr), titanium (Ti),
and copper (Cu), alloys thereof, and metal nitrides thereof.
These materials can be used as appropriate. The conductive
film may be formed by layering a plurality of layers formed
of these materials. Here, as the conductive film, formed is a
multilayer film (MoN/Al film) including a MoN layer hav-
ing a thickness of 50 nm as an upper layer and an Al layer
having a thickness of 350 nm as a lower layer.

[0094] Next, as shown in FIG. 8B, the first insulating layer
2 is formed on the substrate 1 to cover the second gate
electrode 21. The first insulating layer 2 here formed
includes a portion that functions as the second gate insulat-
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ing layer 22. The first insulating layer 2 is, for example, a
silicon oxide (SiO, ) layer, silicon nitride (SiN. ) layer, silicon
oxynitride (SiO,N,; x>y) layer, silicon nitroxide (SiN,O;
x>y) layer. etc. Here, as the first insulating layer 2, a SiO,
layer having a thickness of 375 nm is formed by CVD.
[0095] Next, as shown in FIG. 8C, the first oxide semi-
conductor layer 13 and the second oxide semiconductor
layer 23 are formed on the first insulating layer 2. Specifi-
cally, for example, the first oxide semiconductor layer 13
and the second oxide semiconductor layer 23 can be formed
by depositing an oxide semiconductor film having a thick-
ness of 30-100 nm on the first insulating layer 2 by sput-
tering, and thereafter, patterning the oxide semiconductor
film by a photolithography process and etching. Specific
materials, etc., for the first oxide semiconductor layer 13 and
the second oxide semiconductor layer 23 are described in
detail below.

[0096] Next, as shown in FIG. 8D, an insulating film 12'
1s formed to cover the first oxide semiconductor layer 13 and
the second oxide semiconductor layer 23. The insulating
film 12" here formed includes portions that are to serve as the
first gate insulating layer 12 and the second insulating layer
4. If the insulating film 12" has a thickness smaller than that
of the first insulating layer 2, the on-current lon is easily
increased. Here, as the insulating film 12!, a SiO, layer
having a thickness of 150 nm is formed by CVD. Thereafter,
a contact hole (not shown) for electrically connecting the
second gate electrode 21 to another conductive layer is
formed at a predetermined location of the insulating film 12'.
[0097] Next, as shown in FIG. 9A, the first gate electrode
11 and the shield electrode 26 are formed on the insulating
film 12'. Specifically, for example, the first gate electrode 11
and the shield electrode 26 can be formed by depositing a
conductive film on the insulating film 12' by sputtering, and
thereafter, patterning the conductive film by a photolithog-
raphy process and dry etching. Examples of a material for
the conductive film include metals such as aluminum (Al),
tungsten (W), molybdenum (Mo), tantalum (Ta), chromium
(Cr), titanium (Ti), and copper (Cu), alloys thereof, and
metal nitrides thereof. These materials can be used as
appropriate. The conductive film may be formed by layering
a plurality of layers formed of these materials. Here, as the
conductive film, formed is a multilayer film (MoN/AI film)
including a MoN layer having a thickness of 50 nm as an
upper layer and an Al layer having a thickness of 350 nm as
a lower layer. At the same time that the first gate electrode
11 and the shield electrode 26 are formed, the insulating film
12' is etched so that portions of the insulating film 12' that
are not covered by the first gate electrode 11 or the shield
electrode 26 are removed. Portions of the insulating film 12'
that have not been removed (i.e., portions thereof covered by
the first gate electrode 11 and the shield electrode 26) are the
first gate insulating layer 12 and the second insulating layer
4.

[0098] Next, as shown in FIG. 9B, the entire surface of the
substrate 1 is plasma-treated. Examples of the plasma treat-
ment include a hydrogen plasma treatment and He plasma
treatment. In the plasma treatment, the first gate electrode
serves as a mask, and therefore, the resistances of regions of
the first oxide semiconductor layer 13 that are not covered
by the first gate electrode 11 are reduced. The resultant
regions are the source region 135 and the drain region 13c.
The resistance of a region of the first oxide semiconductor
layer 13 that is covered by the first gate electrode 11 is not
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reduced. This region is the channel region 134. Similarly, in
the plasma treatment, the shield electrode 26 serves as a
mask, and therefore, the resistances of regions of the second
oxide semiconductor layer 23 that are not covered by the
shield electrode 26 are reduced. The resultant regions are the
source region 235 and the drain region 23¢. The resistance
of a region of the second oxide semiconductor layer 23 that
is covered by the shield electrode 26 is not reduced. This
region is the channel region 23a.

[0099] Next, as shown in FIG. 9C, the interlayer insulating
layer 3 is formed to cover the first gate electrode 11, the
shield electrode 26, etc. The interlayer insulating layer 3 is,
for example, a silicon oxide (SiO,) layer or silicon nitride
(SiN,) layer. The interlayer insulating layer 3 may be
configured by layering these layers. The interlayer insulating
layer 3 can be formed by, for example, CVD. Note that if the
silicon nitride layer is formed to be in contact with exposed
portions of the surfaces of the first oxide semiconductor
layer 13 and the second oxide semiconductor layer 23, the
resistance of the oxide semiconductor of those portions is
reduced, whereby a self-aligned structure can be formed.
Here, as the interlayer insulating layer 3, a silicon nitride
(SiN,) layer having a thickness of 100 nm and a silicon
oxide (510,) layer having a thickness of 300 nm are suc-
cessively formed.

[0100] Next, as shown in FIG. 10A, the first, second, third,
and fourth contact holes CH1, CH2, CH3, and CH4 are
formed in the interlayer insulating layer 3 by a photolithog-
raphy process and etching.

[0101] Next, as shown in FIG. 10B, the first source
electrode 14, the first drain electrode 15, the second source
electrode 24, and the second drain electrode 25 are formed
on the interlayer insulating layer 3. Specifically, for
example, the first source electrode 14, etc., can be formed by
depositing a conductive film on the interlayer insulating
layer 3 by sputtering, and thereafter, patterning the conduc-
tive film by a photolithography process and dry etching.
Examples of a material for the conductive film include
aluminum (Al), molybdenum (Mo), tantalum (Ta), chro-
mium (Cr), titanium (Ti), and gold (Au). These materials can
be used as appropriate. The conductive film may be formed
by layering a plurality of layers formed of these materials.
Here, as the conductive film, formed is a multilayer film
(Ti/AVTi film) including a Ti layer having a thickness of 50
nm as an upper layer, an Al layer having a thickness of 300
nm as a middle layer, and a Ti layer having a thickness of 30
nm as a lower layer.

[0102] Next, as shown in FIG. 10C, the protection layer 5
is formed to cover the selection TFT 10 and the drive TFT
20. Thereafter, the color filter layer 6, the planarization layer
7, the pixel electrode 41, etc., are formed on the protection
layer 5. Thus, the organic EL display apparatus 100 is
completed.

[0103] Note that when the resistances of portions of the
first oxide semiconductor layer 13 and the second oxide
semiconductor 23 are reduced by a plasma treatment, then if,
as shown in FIG. 11, the first gate insulating layer 12 and the
first gate electrode 11, and the second insulating layer and
the shield electrode 26, have a tapered end, the resistance
values of the first oxide semiconductor layer 13 and the
second oxide semiconductor 23 can be caused to change in
a stepwise manner. In the example of FIG. 11, the source
region 135 (23b) includes a first resistance-reduced region
1351 (235b1), and a second resistance-reduced region 1352
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(2352) located between the first resistance-reduced region
1361 (23b1) and the channel region 13a (23a). The first
resistance-reduced region 1351 (2351) has a resistance value
smaller than that of the channel region 13a (23a). The
second resistance-reduced region 1352 (2352) has a resis-
tance value that is smaller than that of the channel region
13a (23a) and greater than that of the first resistance-reduced
region 1361 (2351). In the drain region 13¢ (23c¢), the
resistance value can be similarly caused to change in a
stepwise manner.

[0104] In order to more reliably satisfy the relationship
that the length of the second gate electrode 21 in the channel
length direction (i.e., a channel length defined by the second
gate electrode 21) 1s greater than the length of the shield
electrode 26 in the channel length direction (i.e., a channel
length defined by the shield electrode 26), an overlap width
w1 (see FIG. 3) of the second gate electrode 21 with respect
to the source region 235, and an overlap width w2 (see FIG.
3) of the second gate electrode 21 with respect to the drain
region 23¢, are each preferably set to, for example, about 1-2
um, taking into account the accuracy of processing, etc.
[0105] Although, in this embodiment, the bottom-emis-
sion configuration (FIG. 7) is illustrated, an organic EL
display apparatus according to an embodiment of the present
invention is not limited to the bottom-emission type, and
may be of the top-emission type. An organic EL display
apparatus according to an embodiment of the present inven-
tion may be of a vapor deposition type that the organic EL.
layer is formed by vapor deposition, or a printing type that
the organic EL layer is formed by a printing method.
[0106] The pixel circuit Pc is not limited to the example of
FIG. 2. The pixel circuit Pc may include three or more oxide
semiconductor TFTs, and may include a portion that func-
tions as a compensation circuit for compensating for varia-
tions in luminance.

[0107] FIG. 12 shows another example of the pixel circuit
Pc. In the example of FIG. 12, the pixel circuit Pc includes
a selection TFT 10, a drive TFT 20, a capacitive element 30,
and an OLED 40, and in addition, a first current switching
TFT 51 and a second current switching TFT 52.

[0108] The gate electrode of the drive TFT 20 is connected
to the source electrode of the selection TFT 10 and one of
a pair of electrodes included in the capacitive element 30.
The source electrode of the drive TFT 20 is connected to the
drain electrodes of the first and second current switching
TFTs 51 and 52. The drain electrode of the drive TFT 20 is
connected to the drain electrode of the selection TFT 10 and
the OLED 40.

[0109] The gate electrode of the selection TFT 10 is
connected to a first gate line GL1. The source electrode of
the selection TFT 10 is connected to the gate electrode of the
drive TFT 20. The drain electrode of the selection TFT 10 is
connected to the drain electrode of the drive TFT 20.
[0110] The gate electrode of the first current switching
TFT 51 is connected to the first gate line GL1. The source
electrode of the first current switching TFT 51 is connected
to a source line SL. The drain electrode of the first current
switching TFT 51 is connected to the source electrode of the
drive TFT 20, and the other of the pair of electrodes included
in the capacitive element 30.

[0111] The gate electrode of the second current switching
TFT 52 is connected to a second gate line GL2. The source
electrode of the second current switching TFT 52 is con-
nected to a current supply line CL. The drain electrode of the
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second current switching TFT 52 is connected to the source
electrode of the drive TFT 20.

[0112] The pixel circuit Pc of FIG. 12 operates as follows.
[0113] Initially, when the selection TFT 10 and the first
current switching TFT 51 are selected and turned on by the
first gate line GL1, the gate electrode and drain electrode of
the drive TFT 20 are connected together, i.e., a diode
connection is established therebetween. Therefore, the
capacitive element 30 is charged by a voltage corresponding
to a data current 1, ,,, supplied from the source line SL.
[0114] Next, when the selection TFT 10 and the first
current switching TFT 51 are turned off, and the second
current switching TFT 52 is selected and turned on by the
second gate line GL2, a current is supplied from the current
supply line CL through the second current switching TFT 52
and the drive TFT 20 (in the on-state due to the voltage of
the charged capacitive element 30) to the OLED 40, which
then emits light.

[0115] The first current switching TFT 51 and the second
current switching TFT 52 each preferably have a top-gate
structure as with the selection TFT 10.

Second Embodiment

[0116] In the first embodiment, the organic EL display
apparatus 100 and an active matrix substrate for use therein
have been illustrated. Embodiments of the present invention
are not limited to these.

[0117] FIG. 13 shows an active matrix substrate 200
according to this embodiment. The active matrix substrate
200 is used for a liquid crystal display apparatus.

[0118] As shown in FIG. 13, the active matrix substrate
200 has a display region DR and a peripheral region FR. The
display region DR is defined by a plurality of pixel regions
(regions corresponding to pixels) arranged in a matrix. The
peripheral region FR is located around the display region
DR, and is also referred to as a “frame region.”

[0119] The active matrix substrate 200 includes a substrate
1, a gate driver (gate line drive circuit) GD provided in the
peripheral region FR, and a source driver (source line drive
circuit) SD.

[0120] In this embodiment, the gate driver GD is mono-
lithically formed on the substrate 1. In other words, the
active matrix substrate 200 of this embodiment includes a
peripheral circuit that is monolithically formed in the periph-
eral region FR. The monolithic formation of a peripheral
circuit on the substrate 1 allows a reduction in cost and
narrowing of the frame (a reduction in the peripheral region
FR). Therefore, the active matrix substrate 200 can prefer-
ably be used in a liquid crystal display apparatus for the
high-definition display of a smartphone, etc.

[0121] The gate driver GD includes a plurality of oxide
semiconductor TFTs supported by the substrate 1. The oxide
semiconductor TFTs each include a first oxide semiconduc-
tor TFT that has a top-gate structure as with the selection
TFT 10 of the first embodiment, and a second oxide semi-
conductor TFT that has a bottom-gate structure and includes
a shield electrode 26 as with the drive TFT 20 of the first
embodiment.

[0122] Such a configuration allows oxide semiconductor
TFTs having different required characteristics to coexist in
the gate driver GD. For example, a buffer TFT, etc., char-
acteristics of which are likely to deteriorate due to a high
applied voltage, may be adapted to have a shield-electrode
bottom-gate structure (i.e., the first oxide semiconductor
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TFT), whereby high reliability can be ensured. A logic TFT,
etc., which is required to be driven at high speed, may be
adapted to have a top-gate structure (i.e., the second oxide
semiconductor TFT), whereby a low load capacitance (noise
reduction) can be achieved.

[0123] Although the monolithic formation of the gate
driver GD has herein been illustrated, the source driver SD
may be monolithically formed instead of or in addition to the
gate driver GD.

[0124] [Oxide Semiconductor]

[0125] The oxide semiconductor contained in each of the
first oxide semiconductor layer 13 and the second oxide
semiconductor 23 (hereinafter simply referred to as the
“oxide semiconductor layer”) may be either an amorphous
oxide semiconductor or a crystalline oxide semiconductor
having a crystalline portion. Examples of the crystalline
oxide semiconductor include polycrystalline oxide semicon-
ductors, microcrystalline oxide semiconductors, and crys-
talline oxide semiconductors whose c-axis is oriented sub-
stantially perpendicularly to the layer surface.

[0126] The oxide semiconductor layer may have a multi-
layer structure including two or more layers. In the case
where the oxide semiconductor layer has a multilayer struc-
ture, the oxide semiconductor layer may include an amor-
phous oxide semiconductor layer and a crystalline oxide
semiconductor layer. Alternatively, the oxide semiconductor
layer may include a plurality of crystalline oxide semicon-
ductor layers having different crystal structures. Alterna-
tively, the oxide semiconductor layer may include a plurality
of amorphous oxide semiconductor layers.

[0127] Materials, structures, and film formation methods
for amorphous oxide semiconductors and the above crys-
talline oxide semiconductors, and the configuration of the
oxide semiconductor layer having a multilayer structure, are
described in, for example, Japanese Laid-Open Patent Pub-
lication No. 2014-007399, the entire contents of which are
hereby incorporated by reference.

[0128] The oxide semiconductor layer may, for example,
contain at least one metal element of In, Ga, and Zn. In this
embodiment, the oxide semiconductor layer may contain,
for example, an In—Ga—7n—0O semiconductor (e.g.,
indium gallium zinc oxide). Here, the In—Ga—7n—O
semiconductor is a ternary oxide of In (indium), Ga (gal-
lium), and Zn (zinc). The proportions (composition ratio) of
In, Ga, and Zn in the In—Ga—Z7Zn—0O semiconductor are
not particularly limited. Examples of the composition ratio
include In:Ga:Zn=2:2:1, In:Ga:Zn=1:1:1, and In:Ga:Zn=1:
1:2. Such an oxide semiconductor layer may be formed of an
oxide semiconductor film containing the In—Ga—7Zn—0
semiconductor.

[0129] The In—Ga—7n—O0 semiconductor may be either
amorphous or crystalline. The crystalline In—Ga—7Zn—0
semiconductor is preferably one whose c-axis is oriented
substantially perpendicularly to the layer surface.

[0130] Note that the crystal structure of the crystalline
In—Ga—7n—0 semiconductor is described in, for
example, Japanese Laid-Open Patent Publication No. 2014-
007399 above, Japanese Laid-Open Patent Publication No.
2012-134475, Japanese Laid-Open Patent Publication No.
2014-209727, etc. The entire contents of Japanese Laid-
Open Patent Publication Nos. 2012-134475 and 2014-
209727 are hereby incorporated by reference. A TFT having
the In—Ga—7n—O semiconductor layer has a high mobil-
ity (more than 20 times as high as that of an a-SiTFT) and
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a low leakage current (less than one hundredth of that of an
a-SiTFT), and therefore, is preferably used as a drive TFT
(e.g., a TFT included in a drive circuit provided on the same
substrate on which a display region including a plurality of
pixels is provided, around the display region) and a pixel
TFT (a TFT provided at a pixel).

[0131] The oxide semiconductor layer may contain other
oxide semiconductors instead of the In—Ga—7Zn—O semi-
conductor. For example, the oxide semiconductor layer may
contain an In—Sn—7n—O0 semiconductor (e.g., In,O,—
Sn0,—7Zn0; InSnZn0O). The In—Sn—7Zn—O0 semiconduc-
tor is a ternary oxide of In (indium), Sn (tin), and Zn (zinc).
Alternatively, the oxide semiconductor layer may contain
In—Al—7n—0 semiconductors, In—Al—Sn—7n—0
semiconductors, Zn—O semiconductors, In—Zn—O semi-
conductors, Zn—Ti—O semiconductors, Cd—Ge—O semi-
conductors, Cd—Pb—O semiconductors, CdO (cadmium
oxide), Mg—7n—O semiconductors, In—Ga—Sn—O
semiconductors, In—Ga—O semiconductors, Zr—In—
7n—0 semiconductors, Hf —In—7Zn—O semiconductors,
Al—Ga—7Zn—0 semiconductors, Ga—Zn—O semicon-
ductors, In—Ga—7n—Sn—O semiconductors, InGaO,
(Zn0);, magnesium zinc oxide (Mg, Zn, .O), cadmium zinc
oxide (Cd,Zn, ,O), etc. The Zn—O semiconductors may be
amorphous, polycrystalline, and microcrystalline ZnO
doped with one or more impurity elements selected from the
group 1 elements, group 13 elements, group 14 elements,
group 15 elements, group 17 elements, etc., or not doped
with any impurity element. In microcrystalline ZnO, amor-
phous Zn0O and polycrystalline ZnO coexist.

[0132] According to the embodiments of the present
invention, an organic EL display apparatus and active matrix
substrate configured to allow a plurality of oxide semicon-
ductor TFTs having different required characteristics to
preferably coexist, can be provided.

[0133] This application is based on Japanese Patent Appli-
cations No. 2017-203350 filed on Oct. 20, 2017, the entire
contents of which are hereby incorporated by reference.

What is claimed is:

1. An organic EL display apparatus having a plurality of
pixels arranged in a matrix, comprising:

a substrate; and

a pixel circuit provided for each of the plurality of pixels,

wherein

the pixel circuit includes a plurality of oxide semicon-
ductor TFTs supported on the substrate, the plurality of
oxide semiconductor TFTs including a first oxide semi-
conductor TFT having a first oxide semiconductor layer
and a second oxide semiconductor TFT having a sec-
ond oxide semiconductor layer,

the first oxide semiconductor TFT has

the first oxide semiconductor layer disposed on a first
insulating layer disposed on the substrate,

a first gate insulating layer disposed on the first oxide
semiconductor layer,

a first gate electrode disposed on the first gate insulat-
ing layer, facing the first oxide semiconductor layer,
and

a first source electrode and a first drain electrode
electrically connected to the first oxide semiconduc-
tor layer, and
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the second oxide semiconductor TFT has

a second gate electrode disposed on the substrate,

a second gate insulating layer covering the second gate
electrode,

the second oxide semiconductor layer disposed on the
second gate insulating layer, facing the second gate
electrode,

a second source electrode and a second drain electrode
electrically connected to the second oxide semicon-
ductor layer, and

a shield electrode disposed on a second insulating layer
disposed on the second oxide semiconductor layer,
facing the second oxide semiconductor layer.

2. The organic EL display apparatus of claim 1, wherein

the pixel circuit includes a selection TFT, a drive TFT, and

a capacitive element, and

the second oxide semiconductor TFT is the drive TFT.

3. The organic EL display apparatus of claim 2, wherein

the first oxide semiconductor TFT is the selection TFT.

4. The organic EL display apparatus of claim 1, wherein

a length of the second gate electrode in a channel length

direction of the second oxide semiconductor TFT is

greater than a length of the shield electrode in the
channel length direction.

5. The organic EL display apparatus of claim 1, wherein

a fixed potential is applied to the shield electrode.

6. The organic EL display apparatus of claim 5, wherein

the fixed potential is a ground potential.

7. The organic EL display apparatus of claim 1, wherein

substantially the same potential that is applied to the

second gate electrode is applied to the shield electrode.

8. The organic EL display apparatus of claim 1, wherein

the first insulating layer and the second gate insulating

layer are disposed in the same layer,

the first oxide semiconductor layer and the second oxide

semiconductor layer are disposed in the same layer,

the first gate insulating layer and the second insulating
layer are disposed in the same layer,

the first gate electrode and the shield electrode are dis-

posed in the same layer, and

the first source electrode, the first drain electrode, the

second source electrode, and the second drain electrode

are disposed in the same layer.

9. The organic EL display apparatus of claim 1, further
comprising:

a protection layer covering the pixel circuit;

a pixel electrode disposed on the protection layer and

electrically connected to the pixel circuit;

an organic EL layer disposed on the pixel electrode; and

an upper electrode disposed on the organic EL layer.

10. The organic EL display apparatus of claim 1, wherein

the first oxide semiconductor layer and the second oxide

semiconductor layer each contain an In—Ga—7n—0
semiconductor.

11. The organic EL display apparatus of claim 10, wherein

the In—Ga—Zn—O0 semiconductor includes a crystalline

portion.

12. An active matrix substrate having a display region
defined by a plurality of pixel regions arranged in a matrix,
and a peripheral region located around the display region,
comprising:

a substrate; and

a peripheral circuit monolithically formed on the substrate

in the peripheral region, wherein
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the peripheral circuit includes a plurality of oxide semi-
conductor TFTs supported on the substrate, the plural-
ity of oxide semiconductor TFTs including a first oxide
semiconductor TFT having a first oxide semiconductor

layer and a second oxide semiconductor TFT having a

second oxide semiconductor layer,

the first oxide semiconductor TFT has

the first oxide semiconductor layer disposed on a first
insulating layer disposed on the substrate,

a first gate insulating layer disposed on the first oxide
semiconductor layer,

a first gate electrode disposed on the first gate insulat-
ing layer, facing the first oxide semiconductor layer,
and

a first source electrode and a first drain electrode
electrically connected to the first oxide semiconduc-
tor layer, and

the second oxide semiconductor TFT has

a second gate electrode disposed on the substrate,

a second gate insulating layer covering the second gate
electrode,

the second oxide semiconductor layer disposed on the
second gate insulating layer, facing the second gate
electrode,

a second source electrode and a second drain electrode
electrically connected to the second oxide semicon-
ductor layer, and

a shield electrode disposed on a second insulating layer
disposed on the second oxide semiconductor layer,
facing the second oxide semiconductor layer.

13. The active matrix substrate of claim 12, wherein

a length of the second gate electrode in a channel length
direction of the second oxide semiconductor TFT is
greater than a length of the shield electrode in the
channel length direction.

14. The active matrix substrate of claim 12, wherein

a fixed potential is applied to the shield electrode.

15. The active matrix substrate of claim 14, wherein

the fixed potential is a ground potential.

16. The active matrix substrate of claim 12, wherein

substantially the same potential that is applied to the
second gate electrode is applied to the shield electrode.

17. The active matrix substrate of claim 12, wherein

the first insulating layer and the second gate insulating
layer are disposed in the same layer,

the first oxide semiconductor layer and the second oxide
semiconductor layer are disposed in the same layer,

the first gate insulating layer and the second insulating
layer are disposed in the same layer,

the first gate electrode and the shield electrode are dis-
posed in the same layer, and

the first source electrode, the first drain electrode, the
second source electrode, and the second drain electrode
are disposed in the same layer.

18. The active matrix substrate of claim 12, wherein

the first oxide semiconductor layer and the second oxide
semiconductor layer each contain an In—Ga—7n—0
semiconductor.

19. The active matrix substrate of claim 18, wherein

the In—Ga—7Zn—O semiconductor includes a crystalline
portion.
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