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(57) ABSTRACT

A circuit includes a first thin film transistor configured to
supply electric current to an organic light-emitting film, and
a storage capacitor. The first thin film transistor includes a
bottom gate electrode, a channel provided on a layer upper
than the bottom gate electrode to overlap with the bottom
gate electrode, and a top gate electrode. The storage capaci-
tor includes a storage capacitor electrode made of an impu-
rity semiconductor, the storage capacitor electrode being
provided outside an overlap area with the top gate electrode
on the same layer as the channel to overlap with the bottom
gate electrode with the first gate insulating layer interposed.
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OLED DISPLAY DEVICE, CIRCUIT
THEREIN, AND METHOD OF
MANUFACTURING OLED DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This Non-provisional application claims priority
under 35 U.S.C. § 119(a) on Patent Application No. 2017-
141560 filed in Japan on Jul. 21, 2017, the entire content of
which is hereby incorporated by reference.

BACKGROUND

[0002] This disclosure relates to an OLED display device,
a circuit therein, and a method of manufacturing the OLED
display device.

[0003] The organic light-emitting diode (OLED) element
is a current-driven self-light-emitting element and therefore,
eliminates the necessity of backlight. In addition to this, the
OLED display element has advantages for achievement of
low power consumption, wide viewing angle, and high
contrast ratio; it is expected to contribute to development of
flat panel display devices.

[0004] An active-matrix (AM) OLED display device
includes selecting transistors for selecting pixels and driving
transistors for supplying electric current to the pixels. The
transistors in an OLED display device are thin film transis-
tors (TFTs); particularly, low-temperature polysilicon
(LTPS) TFTs are commonly used. Furthermore, a typical
OLED display device includes a compensation circuit for
compensating for the differences and variation in threshold
voltage of the driving transistors.

[0005] TFTs having existing structures have hysteresis
characteristics. Because of the hysteresis characteristics, the
drain current flows differently in raising and lowering the
gate potential. The hysteresis characteristics of the driving
transistors cause a phenomenon called image retention. For
example, when an OLED display device is controlled to
change the display to a white picture after displaying a black
picture for a while, the screen does not become white upon
the operation to change but takes several frames to display
the white picture.

[0006] When no current flows in a driving TFT for a long
time, the hysteresis of the driving TFT is initialized. If a Vgs
bias to display a white picture determined based on the
initialized hysteresis is applied, the current decreases
instantly because of the hysteresis, so that the intended
brightness for the white picture is not attained.

[0007] Meanwhile, in terms of manufacturing an OLED
display device, efficient processes are desited. An OLED
display device has a multi-layer structure including pixels
with organic light-emitting elements and pixel circuits for
controlling the intensity of light to be emitted from the
pixels. Manufacturing an OLED display device repeats
patterning using a mask having a different opening pattern to
form the pixel circuits and organic light-emitting elements
on a substrate.

SUMMARY

[0008] An aspect of the disclosure is a circuit configured
to control intensity of light to be emitted from a pixel of an
OLED display device, the circuit including: a first thin film
transistor configured to supply electric current to an organic
light-emitting film; and a storage capacitor configured to
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maintain gate potential of the first thin film transistor,
wherein the first thin film transistor includes: a bottom gate
electrode; a channel provided on a layer upper than the
bottom gate electrode to overlap with the bottom gate
electrode; a first gate insulating layer provided between the
channel and the bottom gate electrode; a top gate electrode
provided on a layer upper than the channel to overlap with
the channel and connected with the bottom gate electrode;
and a second gate insulating layer provided between the
channel and the top gate electrode, and wherein the storage
capacitor includes a storage capacitor electrode made of an
impurity semiconductor, the storage capacitor electrode
being provided outside an overlap area with the top gate
electrode on the same layer as the channel to overlap with
the bottom gate electrode with the first gate insulating layer
interposed.

[0009] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are not restrictive of this
disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 schematically illustrates a configuration
example of an OLED display device in this disclosure;

[0011] FIG. 2A illustrates a configuration example of a
pixel circuit;
[0012] FIG. 2B illustrates another configuration example

of a pixel circuit;

[0013] FIG. 2C illustrates still another configuration
example of a pixel circuit;

[0014] FIG. 3A is a plan diagram for illustrating a con-
figuration of a part of a display region;

[0015] FIG. 3B is a cross-sectional diagram cut along the
line P-Q in FIG. 3A;

[0016] FIG. 3C is a cross-sectional diagram cut along the
line R-S in FIG. 3A;

[0017] FIG. 4A illustrates an example of a pattern of
bottom gate electrodes;

[0018] FIG. 4B illustrates a pattern of a polysilicon layer;
[0019] FIG. 4C illustrates an M1 metal layer including top
gate electrodes and scanning lines together with the patterns
of a polysilicon layer and bottom gate electrodes on the
lower layers;

[0020] FIG. 4D illustrates a pattern of an M2 metal layer;
[0021] FIG. 5 illustrates another configuration example of
the display region;

[0022] FIG. 6A is a plan diagram of another configuration
example of the pixel circuit;

[0023] FIG. 6B is a cross-sectional diagram of the other
configuration example of the pixel circuit; and

[0024] FIG. 7 illustrates an example of wires for a scan-
ning driver provided under a glass frit sealer.

EMBODIMENTS

[0025] Hereinafter, embodiments of this disclosure will be
described with reference to the accompanying drawings. It
should be noted that the embodiments are merely examples
to implement this disclosure and are not to limit the technical
scope of this disclosure.

[0026] The pixel circuit of the organic light-emitting diode
(OLED) display device disclosed herein includes a dual-gate
driving TFT. The gate of a dual-gate TFT has a dual-gate
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structure including a top gate electrode and a bottom gate
electrode sandwiching a channel.

[0027] The research of the inventors revealed that the
hysteresis of a TFT to cause image retention can be signifi-
cantly reduced with a dual-gate TFT. An experimentally
fabricated dual-gate TFT showed small hysteresis charac-
teristics, compared to a single-gate TFT.

[0028] The dual-gate TET however includes another gate
electrode in addition to the normal TFT structure. Accord-
ingly, manufacturing an OLED display device requires a
mask for forming the additional gate electrodes and a
patterning step.

[0029] The pixel circuit disclosed hereinafter includes a
storage capacitor electrode provided on the same layer as the
semiconductor area of the driving TFT. The storage capaci-
tor is to maintain the gate potential of the driving TFT. The
storage capacitor electrode is made of an impurity-doped
semiconductor and formed together with the semiconductor
area of the driving TFT. The storage capacitor electrode is
formed to overlap with the bottom gate electrode and
configures a storage capacitor with the bottom gate elec-
trode.

[0030] The semiconductor area of a driving TFT includes
a channel and impurity-doped areas (source area and drain
area) sandwiching the channel. Each of the impurity-doped
areas 1s doped with impurities and is in contact with a source
electrode or a drain electrode. The OLED display device
manufacturing method disclosed hereinafter forms impurity-
doped areas by doping the semiconductor areas with impu-
rities using the top gate electrodes as a mask (self-aligned
process).

[0031] Atop gate electrode is provided outside the overlap
area with the storage capacitor electrode. In other words, the
top gate electrode is provided not to overlap with the storage
capacitor electrode. Accordingly, doping the semiconductor
area of the driving TFT applies impurities to the storage
capacitor electrode on the same layer as the semiconductor
area. The impurity doping lowers the resistance of the
storage capacitor electrode, attaining the required character-
istics for the storage capacitor electrode.

[0032] As described above, a driving TFT having a dual-
gate structure has smaller hysteresis characteristics to effec-
tively reduce the image retention caused by hysteresis.
Furthermore, the storage capacitor electrodes to be doped
with impurities are formed on the same layer as the semi-
conductor areas of the driving TFTs not to overlap with top
gate electrodes. This structure enables the semiconductor
areas and storage capacitor electrodes of driving TFTs to be
formed together by self-aligned processes (patterning and
doping). As a result, the OLED display device can be
manufactured with a smaller number of masks.

[0033] Hereinafter, embodiments are specifically
described with reference to the drawings. Elements common
to the drawings are denoted by the same reference signs. The
elements in the drawings may be exaggerated in size or
shape for clear understanding of the description.

Overall Configuration

[0034] FIG. 1 schematically illustrates a configuration
example of an OLED display device 10 in this disclosure.
The OLED display device 10 includes a thin film transistor
(TFT) substrate 100 on which organic light-emitting ele-
ments are formed, an encapsulation substrate 200 for encap-
sulating the organic light-emitting elements, and a bond
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(glass frit sealer) 300 for bonding the TFT substrate 100 with
the encapsulation substrate 200. The space between the TFT
substrate 100 and the encapsulation substrate 200 is filled
with dry air and sealed up with the bond 300.

[0035] 1In the periphery of a cathode electrode forming
region 114 outer than the display region 125 of the TFT
substrate 100, a scanning driver 131, an emission driver 132,
a protection circuit 133, a driver IC 134, and a demultiplexer
136 are provided. The driver IC 134 is connected to the
external devices via flexible printed circuits (FPC) 135.
[0036] The scanning driver 131 drives scanning lines on
the TFT substrate 100. The emission driver 132 drives
emission control lines to control the emission periods of
sub-pixels. The driver IC 134 can be mounted with an
anisotropic conductive film (ACF).

[0037] The driver IC 134 provides power and timing
signals (control signals) to the scanning driver 131 and the
emission driver 132 and further, provides power and a data
signal to the demultiplexer 136.

[0038] The demultiplexer 136 outputs output of one pin of
the driver IC 134 to n data lines in series (n is an integer
more than 1). The demultiplexer 136 changes the output data
line for the data signal from the driver IC 134 » times per
scanning period to drive as many data lines as n times the
number of output pins of the driver IC 134.

Configuration of Pixel Circuit

[0039] A plurality of pixel circuits are formed on the
substrate 100 to control the current to be supplied to the
anode electrodes of sub-pixels. FIG. 2A illustrates a con-
figuration example of a pixel circuit. Each pixel circuit
includes a first transistor T1, a second transistor T2, a third
transistor T3, and a storage capacitor C1. The pixel circuit
controls light emission of an OLED element E1 of a sub-
pixel. The transistors are thin film transistors (TFTs). Here-
inafter, the first transistor T1 to the third transistor T3 are
abbreviated as transistor T1 to transistor T3.

[0040] The transistor T2 is a switch for selecting the
sub-pixel. The transistor T2 is a p-channel TFT and its gate
terminal is connected with a scanning line 106. The drain
terminal is connected with a data line 105. The source
terminal is connected with the gate terminal of the transistor
T1.

[0041] The transistor T1 is a transistor (driving TFT) for
driving the OLED element E1l. The transistor T1 is a
p-channel TFT and its gate terminal is connected with the
source terminal of the transistor T2. The source terminal of
the transistor T1 is connected with a power line (Vdd) 108.
The drain terminal is connected with the source terminal of
the transistor T3. The storage capacitor C1 is provided
between the gate terminal and the source terminal of the
transistor T1.

[0042] The transistor T3 is a switch for controlling supply/
stop of the driving current to the OLED element E1. The
transistor T3 is a p-channel TFT and its gate terminal is
connected with an emission control line 107. The source
terminal of the transistor T3 is connected with the drain
terminal of the transistor T1. The drain terminal is connected
with the OLED element E1.

[0043] Next, operation of the pixel circuit is described.
The scanning driver 131 outputs a selection pulse to the
scanning line 106 to tune on the transistor T2. The data
voltage supplied from the driver IC 134 through the data line
105 is stored to the storage capacitor Cl. The storage
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capacitor C1 holds the stored voltage during the period of
one frame. The conductance of the transistor T1 changes in
an analog manner in accordance with the stored voltage, so
that the transistor T1 supplies a forward bias current corre-
sponding to a light emission level to the OLED element E1.
[0044] The transistor T3 is located on the supply path of
the driving current. The emission driver 132 outputs a
control signal to the emission control line 107 to turn the
transistor T3 on or off. When the transistor T3 is on, the
driving current is supplied to the OLED element E1. When
the transistor T3 is off, this supply is stopped. The lighting
period (duty ratio) in the period of one field can be con-
trolled by turning on and off the transistor T3.

[0045] FIG. 2B illustrates another configuration example
of a pixel circuit. The differences from the pixel circuit in
FIG. 2A are the transistor T2a and the transistor T3. The
transistor T2a is a switch having the same function as the
transistor T2 in FIG. 2A, or a switch for selecting the
sub-pixel.

[0046] The transistor T3 can be used for various purposes.
For example, the transistor T3 can be used to reset the anode
electrode of the OLED element E1 once to a sufficiently low
voltage that is lower than the black signal level to prevent
crosstalk caused by leak current between OLED elements
Fl1.

[0047] The transistor T3 can also be used to measure a
characteristic of the transistor T1. For example, the voltage-
current characteristic of the transistor T1 can be accurately
measured by measuring the current flowing from the power
line 108 (Vdd) to the reference voltage supply line 109
(Vref) under the bias conditions selected so that the transis-
tor T1 will operate in the saturated region and the switching
transistor T3 will operate in the linear region. If the differ-
ences in voltage-current characteristic among the transistors
T1 for individual sub-pixels are compensated for by gener-
ating data signals at an external circuit, a highly-uniform
display image can be attained.

[0048] In the meanwhile, the voltage-current characteris-
tic of the OLED element E1 can be accurately measured by
applying a voltage to light the OLED element E1 from the
reference voltage supply line 109 when the transistor T1 is
off and the transistor T3 is operating in the linear region. In
the case where the OLED element E1 is deteriorated because
of long-term use, for example, if the deterioration is com-
pensated for by generating a data signal at an external
circuit, the display device can have a long life spun.
[0049] The circuit configurations in FIGS. 2A and 2B are
examples; the pixel circuit may have a different circuit
configuration. Although the pixel circuits in FIGS. 2A and
2B use p-channel TFTs, the pixel circuit may employ
n-channel TFTs.

Details of Display Region

[0050] Hereinafter, a pixel layout, a physical structure of
a pixel circuit, and a method of manufacturing an OLED
display device are described. Particularly, structures of the
driving TFT (the first transistor T1) and the storage capacitor
C1 and a method of manufacturing those are described in
detail. For simplicity of explanation, an example employing
sub-pixels having the pixel circuit configuration illustrated
in FIG. 2C is described. The pixel circuit in FIG. 2C has a
configuration in which the transistor T3 and the emission
control line are omitted from the pixel circuit illustrated in
FIG. 2A. The element structure and the manufacturing
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method described hereinafter are applicable to other pixel
circuit configurations like those illustrated in FIGS. 2A and
2B.

[0051] FIG. 3A is a plan diagram for illustrating a con-
figuration of a part of the display region 125. The elements
in FIG. 3A are drawn transparently to help to see stacked
elements. FIG. 3A includes two main pixels. One main pixel
consists of three sub-pixels: a red sub-pixel, a green sub-
pixel, and a blue sub-pixel. Each sub-pixel (OLED element)
is associated with one pixel circuit. The boundary of a pixel
is defined depending on the relation with the adjacent
sub-pixel sets in the condition where sub-pixel sets are
cyclically disposed. Each pixel may have a rectangular
shape or a shape other than a rectangle.

[0052] The top, bottom, left, and right in the following
description corresponds to the top, bottom, left, and right of
FIG. 3A. The horizontal direction corresponds to the row
direction of the pixels arrayed in a matrix and the vertical
direction corresponds to the column direction of the same.
The normal direction to the sheet of FIG. 3A corresponds to
the stacking direction of the display region 125 (sub-pixels
and pixel circuits).

[0053] In FIG. 3A, the OLED elements (sub-pixels) and
the elements of the pixel circuits are partially denoted by
reference signs for simplicity of illustration. The pixel
circuits of sub-pixels for different colors have different
physical structures in some part but have the same circuit
configuration. Accordingly, description of elements with
reference signs in one OLED element or pixel circuit is
applicable to the other OLED elements or pixel circuits
without reference signs.

[0054] In the pixel layout example in FIG. 3A, the light
emitting region 165R of a red sub-pixel is provided above
the light emitting region 165G of a green sub-pixel. The light
emitting region 165B of a blue sub-pixel is provided on the
right of the light emitting region 165R of the red sub-pixel
and the light emitting region 165G of the green sub-pixel.
Red light emitting regions 165R and green light emitting
regions 165G are provided alternately in the vertical direc-
tion into a column.

[0055] Blue light emitting regions 165B are provided
successively in the vertical direction into a column. In the
upper pixel row, the blue light emitting region 1658 is closer
to the green light emitting region 165G than the red light
emitting region 165R. In the lower pixel row, the blue light
emitting region 165B is closer to the red light emitting
region 165R than the green light emitting region 165G. The
pixel layout pattern illustrated in FIG. 3A is repeated in the
entire display region 125.

[0056] The pixel layout in FIG. 3A is an example and the
feature of this disclose is applicable to any other pixel
layout, such as an RGB stripe arrangement where red, green,
and blue sub-pixel columns are disposed in rotation or a
pentile arrangement. For example, two adjacent blue light
emitting regions may be borderless and a pair of the bor-
derless light emitting regions may be separate from other
pairs.

[0057] In each sub-pixel, the light emitting region is
provided within the anode electrode 162. The anode elec-
trode 162 is connected with the drain of the driving TFT T1
through a contact 178, an electrode 181, and a contact 176.
The contact 178 interconnects the anode electrode 162 and
the electrode 181; the contact 176 interconnects the elec-
trode 181 and the drain of the driving TFT T1.
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[0058] As will be described later, the driving TFT T1 has
a dual gate structure. The dual gate structure in this disclo-
sure includes a top gate electrode 157 and a bottom gate
electrode 153 sandwiching a semiconductor area in the
stacking direction with insulating layers interposed.

[0059] The source of the driving TFT T1 is connected with
a power line 108 through a contact 177. Power lines 108 are
disposed to extend in the vertical direction and to be
regularly distant from one another in the horizontal direc-
tion. Each pixel column is supplied with current from three
power lines 108.

[0060] The top gate electrode 157 of the driving TFT T1
is connected with the bottom gate electrode 153 through a
contact 174, an electrode 183, and a contact 173. The contact
174 interconnects the top gate electrode 157 and the elec-
trode 183, the contact 173 interconnects the electrode 183
and the bottom gate electrode 153.

[0061] The top gate electrode 157 and the bottom gate
electrode 153 are further connected with the drain of the
switching TFT (second transistor) T2 through the electrode
183 and a contact 172. The contact 172 interconnects the
electrode 183 and the drain of the switching TFT T2.
[0062] The storage capacitor C1 is configured between a
storage capacitor electrode 191 and the bottom gate elec-
trode 153. The storage capacitor electrode 191 is disposed
(formed) to overlap with the bottom gate electrode 153 in the
stacking direction. The storage capacitor electrode 191 is
disposed (formed) outside the overlap area with the top gate
electrode 157. A part of the bottom gate electrode 153 is
opposed to the top gate electrode 157 (a part thereof) and
another part of the bottom gate electrode 153 is opposed to
the storage capacitor electrode 191.

[0063] As will be described later, the storage capacitor
electrode 191 is an impurity-doped semiconductor and
formed on the same layer as the semiconductor area of the
driving TFT T1. The storage capacitor electrode 191 is
formed not to overlap with the top gate electrode 157. The
storage capacitor electrode 191 is formed in the same
process as the semiconductor area of the driving TFT T1.
Furthermore, the storage capacitor electrode 191 and the
semiconductor area of the driving TFT T1 are doped with
impurities together by a self-aligned process without using
a mask.

[0064] A scanning line 106 overlaps with the switching
TFT T2 to function as the gate of the switching TFT T2.
Scanning lines 106 are disposed to extend in the horizontal
direction and to be regularly distant from one another in the
vertical direction. Each pixel row is supplied with a scanning
signal from one scanning line 106.

[0065] The source of the switching TFT T2 is connected
with a data line 105 through a contact 171. The contact 171
interconnects the source of the switching TFT T2 and the
data line 105. Data lines 105 are disposed to extend in the
vertical direction and to be regularly distant from one
another in the horizontal direction. Each pixel column is
supplied with control signals specifying the luminance of the
sub-pixels from three data lines 105. FIG. 3B is a cross-
sectional diagram cut along the line P-Q in FIG. 3A.
[0066] FIG. 3C is a cross-sectional diagram cut along the
line R-S in FIG. 3A. The vertical direction in the following
description corresponds to the vertical direction in the
drawings, which is the stacking direction of the multi-
layered film. The horizontal direction in the following
description corresponds to the horizontal direction in the
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drawings. For convenience of visibility, the hatching pat-
terns of the elements in FIG. 3B are different from those in
FIG. 3A.

[0067] FIG. 3B mainly illustrates the structure of an
OLED element and the structures of the switching TFT T2
and the storage capacitor C1 of a pixel circuit schematically.
The OLED element and the pixel circuit are provided
between the insulating substrate 151 and the encapsulation
substrate 200.

[0068] The OLED element includes a lower electrode
(such as the anode electrode 162), an upper electrode (such
as the cathode electrode 167), and an organic light-emitting
film. FIG. 3B includes an organic red light emitting film
166R and an organic green light emitting film 166G. Illus-
trated in FIG. 3B are examples of top-emission type of
sub-pixels, in which the cathode electrode 167 is a trans-
parent electrode that transmits light from the organic light-
emitting film toward the encapsulation substrate 200. The
sub-pixels can be of bottom-emission type.

[0069] The cathode electrode 167 has a shape fully cov-
ering the entire display region 125. The anode electrode 162
is formed separately for an individual sub-pixel. Part of the
light from an organic light-emitting film is reflected by the
anode electrode 162, passes through the cathode electrode
167 and the encapsulation substrate 200, and goes out to the
display surface of the display device 10. The sub-pixel may
have a structure in which the anode electrode is an upper
electrode and the cathode electrode is a lower electrode.

[0070] A bottom gate electrode 153 is provided above the
insulating substrate 151 with an insulating layer 152 intet-
posed. A lower gate insulating layer (first gate insulating
layer) 154 is provided over the bottom gate electrode 153.
Above the lower gate insulating layer 154, the semiconduc-
tor area of the switching TFT T2 and the storage capacitor
electrode 191 of the storage capacitor C1 are provided. The
semiconductor area and the storage capacitor electrode 191
are on the same layer (semiconductor layer) and are made of
low-temperature polysilicon (LTPS), for example.

[0071] The semiconductor area includes a source 142,
channel areas 141A and 141B, and a drain 143. The source
142 and the drain 143 are made of LTPS doped with
high-concentration impurities. In this example, the source
142 and the drain 143 are p-type semiconductors. The
channel areas 141A and 141B between the source 142 and
the drain 143 are i-type semiconductors.

[0072] The storage capacitor electrode 191 is made of
LTPS doped with high-concentration impurities, like the
source 142 and the drain 143. The storage capacitor elec-
trode 191 is disposed to be opposite to the bottom gate
electrode 153 in the stacking direction. The storage capacitor
electrode 191, the bottom gate electrode 153, and the lower
gate insulating layer 154 sandwiched by the storage capaci-
tor electrode 191 and the bottom gate electrode 153 consti-
tute the storage capacitor C1.

[0073] An upper gate insulating layer (second gate insu-
lating layer) 156 is provided over the semiconductor area of
the switching TFT T2 and the storage capacitor electrode
191. Above the upper gate insulating layer 156, a scanning
line 106 is provided to cover the channel areas 141A and
141B. The scanning line 106 is the gate electrode of the
switching TFT T2 and is opposed to the channel areas 141A
and 141B with the upper gate insulating layer 156 inter-
posed.
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[0074] The top gate electrode 157 of the driving TFT T1
is provided on the same layer as the scanning line 106. As
illustrated in FIG. 3 A, the top gate electrode 157 includes an
area opposed to the semiconductor area of the driving TFT
T1 and an arm area extending from the driving TFT T1
toward the switching TFT T2.

[0075] An interlayer insulating layer 158 is provided
above the layer of the scanning line 106 and the top gate
electrode 157 of the driving TFT T1. Above the interlayer
insulating layer 158, a data line 105, an electrode 183, and
a power line 108 are provided. These are provided on the
same layer and distant from one another. A contact 171
provided in a contact hole of the interlayer insulating layer
158 interconnects the data line 105 and the source 142 of the
switching TFT T2. A contact 175 provided in another contact
hole of the interlayer insulating layer 158 interconnects the
power line 108 and the storage capacitor electrode 191.
[0076] Furthermore, contacts 172, 173, and 174 provided
in other three contact holes of the interlayer insulating layer
158 interconnect the electrode 183 with the drain 143 of the
switching TFT T2, the bottom gate electrode 153 of the
driving TFT T1, and the top gate electrode 157 of the driving
TFT T1, respectively. The bottom gate electrode 153 is
shorted with the top gate electrode 157 and has the same
potential as the top gate electrode 157.

[0077] An insulative planarization layer 161 is provided
above the layer of the data line 105, the electrode 183, and
the power line 108. Above the insulative planarization layer
161, anode electrodes 162 are provided. An insulative pixel
defining layer (PDL) 163 for isolating OLED elements is
provided above the anode electrodes 162.

[0078] An OLED element is composed of an anode elec-
trode 162, an organic light-emitting film 166R or 166G, and
the cathode electrode 167 (a part thereof) stacked together.
The OLED element is formed in an opening of the pixel
defining layer 163. As noted from this description, the
openings of the pixel defining layer 163 define the light-
emitting regions of sub-pixels.

[0079] An organic light-emitting film 166R or 166G is
provided above an anode electrode 162. Each of the organic
light-emitting films 166R and 166G is deposited on the pixel
defining layer 163 in an opening of the pixel defining layer
163 and its periphery. A cathode electrode 167 is provided
over the organic light-emitting films 166R and 166G.
[0080] The cathode electrode 167 is a transparent elec-
trode. The cathode electrode 167 transmits all or part of the
visible light from the organic light-emitting films 166R and
166G. A cap layer may be provided over the cathode
electrode 167.

[0081] One organic light-emitting film is provided
between one cathode electrode 167 and one anode electrode
162. Describing in more detail, a plurality of anode elec-
trodes 162 are provided on the same plane (for example, on
the planarization layer 161) and one organic light-emitting
film is provided above one anode electrode 162.

[0082] The encapsulation substrate 200 is fixed at a pre-
determined distance from the TFT substrate 100. The encap-
sulation substrate 200 is a transparent insulating substrate,
which can be made of glass. A space is held between the TFT
substrate 100 and the encapsulation substrate 200 and a gas
such as dry air is tightly packed therein. Such an air-tight
structure prevents moisture from entering and damaging the
organic light-emitting elements. A A/4 plate 201 and a
polarizing plate 202 are provided over the light emission
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surface (front face) of the encapsulation substrate 200 to
prevent reflection of light entering from the external.
[0083] An encapsulation structural unit different from the
encapsulation substrate 200 can be used, such as a thin film
encapsulation (TFE) structural unit having a stacked struc-
ture of an inorganic film and an organic film or a structure
that covers the whole area with a flexible or inflexible
encapsulation substrate made of a material having high
resistance to water permeation.

[0084] The device structure of the OLED in this disclosure
is so-called top emission type. In the case of top emission
type, part of the light from an organic light-emitting film is
reflected by the anode electrode 162, passes through the
cathode electrode 167 and the encapsulation substrate 200,
and reaches the display surface of the display device 10. In
the case where the OLED element has a cavity structure, the
light from the organic light-emitting film is repeatedly
reflected between the reflective anode electrode 162 and a
semi-transmissive cathode electrode 167. This multi-reflec-
tion yields resonance effect that amplifies the light having a
resonant wavelength. The light in which the wavelength
component of the color of the sub-pixel has been enhanced
by the resonance effects goes out from the semi-transmissive
transparent cathode electrode 167 toward the display surface
of the display device 10.

[0085] FIG. 3C mainly illustrates a structure of the driving
TFT T1 of a pixel circuit schematically. The driving TFT T1
has a dual gate structure. A bottom gate electrode 153 is
provided above the insulating substrate 151 with an insu-
lating layer 152 interposed. A lower gate insulating layer 154
is provided over the bottom gate electrode 153.

[0086] Above the lower gate insulating layer 154, the
semiconductor area of the driving TFT T1 is provided. The
semiconductor area of the driving TFT T1 is on the same
layer as the semiconductor area of the switching TFT T2 and
is made of LTPS.

[0087] The semiconductor area includes a source 147, a
channel 145, and a drain 146. The source 147 and the drain
146 are made of LTPS doped with high-concentration impu-
rities. In this example, the source 147 and the drain 146 are
made of a p-type semiconductor. The channel 145 sand-
wiched by the source 147 and the drain 146 is made of an
i-type semiconductor.

[0088] A top gate electrode 157 is provided to cover the
channel 145 with an upper gate insulating layer 156 intet-
posed. The channel 145 is sandwiched by the top gate
electrode 157 and the bottom gate electrode 153, This dual
gate structure significantly reduces the hysteresis of the TFT
that causes image retention.

[0089] In the example of FIG. 3C, the width (the dimen-
sion in the horizontal direction) of the bottom gate electrode
153 is larger than the width of the top gate electrode 157. It
can be equal to or smaller than the width of the top gate
electrode 157.

[0090] In an example, the thickness of the lower gate
insulating layer 154 is not larger than or smaller than the
thickness of the upper gate insulating layer 156. Such a
configuration further diminishes the hysteresis characteris-
tics of the driving TFT T1.

[0091] A process to manufacture the driving TFT T1
serially forms the layers from the bottom layer to the top
layer. The process damage to the lower gate insulating layer
154 is smaller than the process damage to the upper gate
insulating layer 156. A thinner lower gate insulating layer
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154 leads to attainment of other good characteristics of the
driving TFT T1 in addition to the smaller hysteresis char-
acteristics.

[0092] An interlayer insulating layer 158 is provided
above the layer of the top gate electrode 157. Above the
interlayer insulating layer 158, an electrode 181 and a power
line 108 are provided on the same layer. The power line 108
is connected with the source 147 through a contact 177
provided in a contact hole passing through the upper gate
insulating layer 156 and the interlayer insulating layer 158.
The contact 177 interconnects the power line 108 and the
source 147.

[0093] An insulative planarization layer 161 is provided
above the layer of the electrode 181 and the power line 108.
Above the insulative planarization layer 161, an anode
electrode 162 is provided. The anode electrode 162 is
connected with the drain 146 of the driving TFT T1 through
the electrode 181.

[0094] The electrode 181 is connected with the anode
electrode 162 through a contact 178 provided in a contact
hole in the planarization layer 161. The contact 178 inter-
connects the electrode 181 and the anode electrode 162. As
illustrated in FIG. 3A, the anode electrode 162 is connected
with the contact 178 at a part that does not overlap with the
organic light-emitting film.

[0095] The electrode 181 is further connected with the
drain 146 through a contact 176 provided in a contact hole
passing through the upper gate insulating layer 156 and the
interlayer insulating layer 158. The contact 176 intercon-
nects the electrode 181 and the drain 146.

Manufacturing Method

[0096] A method of manufacturing the OLED display
device 10 is outlined. In the following description, the
elements formed in the same step (together) are the elements
on the same layer. The method of manufacturing the OLED
display device 10 first deposits silicon nitride, for example,
onto an insulating substrate 151 made of glass by chemical
vapor deposition (CVD) to form an insulating layer 152.
[0097] Next, the method deposits a metal on the insulating
layer 152 by sputtering and patterns the metal to form
bottom gate electrodes 153. FIG. 4A illustrates an example
of the pattern of the bottom gate electrodes 153. The metal
can be Mo, Nb, W, an alloy of Mo and Nb, or an alloy of Mo
and W.

[0098] Next, the method deposits silicon nitride, for
example, onto the bottom gate electrodes 153 and the
insulating layer 152 by CVD to form a lower gate insulating
layer 154. Next, the method forms a polysilicon layer by a
known low-temperature polysilicon TFT fabrication tech-
nique. For example, the method can form the polysilicon
layer by depositing amorphous silicon by CVD and crys-
talizing the amorphous silicon by excimer laser annealing
(ELA).

[0099] FIG. 4B illustrates a pattern of the polysilicon layer
(semiconductor layer). The polysilicon layer includes the
semiconductor areas 401 of switching TFTs T2, the semi-
conductor areas 402 of driving TFTs T1, and storage capaci-
tor electrodes 191. FIG. 4B includes some unprovided
contacts together with the pattern of the polysilicon layer for
convenience of understanding.

[0100] FIG. 4B further includes the pattern of the bottom
gate electrodes 153 as indicated by dashed lines. Although
the storage capacitor electrodes 191 are made of polysilicon
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doped with high-concentration impurities, the pre-doped
polysilicon is also referred to as storage capacitor electrodes
191 for convenience of explanation.

[0101] As illustrated in FIG. 4B, each bottom gate elec-
trode 153 is opposed to the semiconductor area 402 of a
driving TFT T1 and a storage capacitor electrode 191. In
other words, the semiconductor area 402 (a part thereof) of
a driving TFT T1 overlaps with a part of a bottom gate
electrode 153 and a storage capacitor electrode 191 overlaps
with another part of the bottom gate electrode 153 in the
stacking direction. In the example of FIG. 4B, the entire
storage capacitor electrode 191 is included in the bottom
gate electrode 153 when seen in the stacking direction.

[0102] Next, the method deposits silicon oxide, for
example, onto the polysilicon layer and the lower gate
insulating layer 154 by CVD to form an upper gate insu-
lating layer 156. Furthermore, the method deposits a metal
by sputtering and patterns the metal to form an M1 metal
layer including top gate electrodes 157 and scanning lines
106. Examples of the metal for the M1 metal layer are Mo,
W, Nb, MoW, MoNb, Al, Nd, Ti, Cu, a Cu alloy, an Al alloy,
Ag, or an Ag alloy. The metal layer can be a single layer or
multiple layers.

[0103] FIG. 4C illustrates the M1 metal layer including
top gate electrodes 157 and scanning lines 106 together with
the patterns of the polysilicon layer and the bottom gate
electrodes 153 on the lower layers. FIG. 4C includes some
unprovided contacts for convenience of understanding.

[0104] Each top gate electrode 157 includes an area
opposed to the semiconductor area 402 and the bottom gate
electrode 153 of the driving TFT T1 and an arm area
extending from the driving TFT T1 toward the switching
TFT T2. A part of the semiconductor area 402 does not
overlap with the top gate electrode 157 but is exposed in the
outside of the top gate electrode 157. The storage capacitor
electrode 191 does not overlap with the top gate electrode
157 but is formed in the outside of the area covered by the
top gate electrode 157.

[0105] Each scanning line 106 is opposed to the semicon-
ductor areas 401 of the switching TFTs T2. A part of the
semiconductor area 401 of each switching TFT T2 does not
overlap with a scanning line 106 and is exposed in the
outside of the scanning line 106.

[0106] Next, the method dopes the semiconductor layer
with high-concentration impurities by ionic implantation
using the top gate electrodes 157 and the scanning lines 106
as a mask (self-aligned process). The impurities include
elemental boron or aluminum, for example.

[0107] Through this doping step, the sources 142 and the
drains 143 of switching TFTs T2 and the sources 147 and the
drains 146 of driving TFTs T1 are produced and the storage
capacitor electrodes 191 are completed. Since the storage
capacitor electrodes 191 are exposed in the outside of the top
gate electrodes 157 as described above, impurities are
applied through the self-aligned doping process.

[0108] Forming the storage capacitor electrodes 191
together with the semiconductor areas of the dual-gate
driving TFTs on the same layer by the same process facili-
tates the manufacture of storage capacitor electrodes 191 of
the storage capacitors for the gate electrodes of the dual-gate
driving TFTs. Furthermore, forming the storage capacitor
electrodes 191 outside the areas overlapped with the top gate
electrodes 157 in the stacking direction and doping them
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with impurities by a self-aligned process eliminates increase
in number of masks to be used.

[0109] Next, the method deposits silicon oxide, for
example, by CVD to form an interlayer insulating layer 158.
The method opens contact holes in the interlayer insulating
layer 158, the upper gate insulating layer 156, and the lower
gate insulating layer 154 by anisotropic etching.

[0110] Next, the method deposits an aluminum alloy such
as Ti/AI/Ti by sputtering and patterns the alloy to form an
M2 metal layer. FIG. 4D illustrates a pattern of the M2 metal
layer. The M2 metal layer includes data lines 105, power
lines 108, electrodes 181 and 183, and contacts 171 to 177.

[0111] Next, the method deposits a photosensitive organic
material to form a planarization layer 161 and subsequently,
opens contact holes for connecting anode electrodes 162 and
the drains 146 of the driving TFTs. The method forms anode
electrodes 162 on the planarization layer 161 provided with
contact holes. Each anode electrode 162 is connected to the
drain 146 of a driving TFT through a contact 178, an
electrode 181, and a contact 176.

[0112] An anode electrode 162 includes three layers of a
transparent film made of ITO, 170, ZnO, In,0;, or the like,
a reflective film made of Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, I,
Cr, or a metallic compound thereof, and another transparent
film as mentioned above. The three-layer structure of the
anode electrode 162 is merely an example and the anode
electrode 162 may have a two-layer structure.

[0113] Next, the method deposits a photosensitive organic
resin, for example, by spin coating and patterns the photo-
sensitive organic resin to form a pixel defining layer 163.
The patterning creates holes in the pixel defining layer 163,
the anode electrodes 162 of the sub-pixels are exposed at the
bottom of the created holes. The pixel defining layer 163
isolates individual light emitting regions of sub-pixels.

[0114] Next, the method applies an organic light-emitting
material onto the insulating substrate 151 provided with the
pixel defining layer 163 to form an organic light-emitting
film (organic light-emitting layer). An organic light-emitting
film 1s formed by depositing an organic light-emitting mate-
rial for the color of R, G, or B on anode electrodes 162
through a metal mask, for example.

[0115] In the case of selectively depositing organic light
emitting materials with metal masks, the method sets metal
masks having openings a little larger than light-emitting
regions on the insulating substrate 151 in correct alignment
one after another to selectively deposit the organic light-
emitting materials for individual colors. Since the electric
current flows only within the openings of the pixel defining
layer 163, these regions become light-emitting regions.

[0116] An example of the organic light-emitting film con-
sists of a hole injection layer, a hole transport layer, a light
emitting layer, an electron transport layer, and an electron
injection layer in this order from the bottom. The organic
light-emitting film may have any structure selected from
electron transport layer/light emitting layer/hole transport
layer, electron transport layer/light emitting layer/hole trans-
port layer/hole injection layer, electron injection layer/elec-
tron transport layer/light emitting layer/hole transport layer,
and single light emitting layer. The materials of the light
emitting layers are different depending on the color of the
sub-pixel; the film thicknesses of the hole injection layer and
the hole transport layer are controlled depending on the
color.
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[0117] Next, the method applies a metal for the cathode
electrode 167 onto the TFT substrate 100 where the pixel
defining layer 163 and the organic light-emitting films (in
the openings of the pixel defining layer 163) are exposed.
The metal deposits on the organic light-emitting films.
[0118] The layer of the transparent cathode electrode 167
is formed by vapor-depositing Li, Ca, LiF/Ca, LiF/Al, Al,
Mg, or an alloy thereof, for example. The film thickness of
the cathode electrode 167 is optimized to increase the
light-extraction efficiency and ensure better view angle
dependence. If the resistance of the cathode electrode 167 is
so high that the uniformity of the luminance of the emitted
light is impaired, an additional auxiliary electrode layer may
be formed of a material for a transparent electrode, such as
ITO, 170, Zn0O, or In,O;. To increase the light extraction
efficiency, the method may form a cap layer by depositing an
insulator having a refractive index higher than glass after
forming the cathode electrode 167.

[0119] Through the foregoing processes, OLED elements
corresponding to R. G, and B sub-pixels are formed; the
areas where the anode electrodes 162 are in contact with the
organic light-emitting films (within the openings in the pixel
defining layer 163) become red light emitting regions 165R,
green light emitting regions 165G, and blue light emitting
regions 165B.

[0120] Next, the method applies glass frit to the periphery
of the TFT substrate 100, places an encapsulation substrate
200 thereon, and heats and melts the glass frit with a laser
beam to seal the TFT substrate 100 and the encapsulation
substrate 200. Thereafter, the method forms a A/4 plate 201
and a polarizing plate 202 on the light emission side of the
encapsulation substrate 200 to complete the fabrication of
the display device 10.

Other Configuration Examples

[0121] FIG. 5 illustrates another configuration example of
the display region 125. The display region 125 includes
auxiliary power lines 102 in addition to the configuration
illustrated in FIG. 3A. The auxiliary power lines 102 are
formed by the same process and on the same layer as the
bottom gate electrodes 153. The auxiliary power lines 102
are disposed to extend in the horizontal direction (row
direction) and be distant from one another in the vertical
direction (column direction), like the scanning lines 106.
[0122] Each auxiliary power line 102 is connected with
the power lines 108 through contacts 121 passing through
the lower gate insulating layer 154, the upper gate insulating
layer 156, and the interlayer insulating layer 158. Each
contact 121 interconnects a power line 108 and the auxiliary
power line 102. The contact 121 may be connected with a
storage capacitor electrode 191 (doped semiconductor area).
The auxiliary power lines 102 and the power lines 108
disposed in a mesh achieves giving more stable potentials to
the driving TFTs T1.

[0123] Although the example of FIG. 5 provides auxiliary
power lines 102 adjacent to scanning lines 106, the auxiliary
power lines 102 may be provided at other places. The
number of auxiliary power lines 102 may be equal to, more
than, or less than the number of scanning lines 106. Each
auxiliary power line 102 may be connected with all power
lines 108 at contacts 121 or a part of the power lines 108 at
contacts 121.

[0124] FIGS. 6A and 6B illustrate another configuration
example of the pixel circuit. In this configuration example,
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the top gate electrode 157, the drain 143 of the switching
TFT T2, and the bottom gate electrode 153 are intercon-
nected through a single contact 179 provided in a single
contact hole. The contact 179 is a contact unifving the
contacts 172, 173 and 174 shown in FIG. 3B. The contact
hole passing through three insulating layers is created by
single etching.

[0125] Interconnecting the M2 metal layer, the polysilicon
layer, and the M1 metal layer through a single contact
reduces the area occupied by contacts. As a result, the
storage capacitor electrode and the storage capacitor can be
enlarged.

[0126] FIG. 7 illustrates an example of wires for the
scanning driver provided under the bond (glass frit sealer)
300. The scanning driver 131 and the display region 125 are
provided inner than the bond 300 (in FIG. 7, on the right of
the drawing).

[0127] The wires for the scanning driver includes a lower
wiring layer 313 on the same layer as the bottom gate
electrodes 153 and an upper wiring layer 315 on the same
layer as the top gate electrodes 157 (M1 metal layer).
Between the lower wiring layer 313 and the substrate 151,
the insulating layer 152 is provided. Between the lower
wiring layer 313 and the upper wiring layer 315, the lower
gate insulating layer 154 and the upper gate insulating layer
156 are provided. Between the upper wiring layer 315 and
the bond 300, the interlayer insulating layer 158 is provided
in contact with those.

[0128] This configuration such that the wires for the
scanning driver are provided in the overlap area with the
bond 300 or between the bond 300 and the substrate 151,
where a part of the wires are disposed on the M1 layer and
the rest of the wires are disposed on the same layer as the
bottom gate electrodes 153, enables achievement of a slim
bezel.

[0129] Manufacturing the OLED display device 10
applies glass frit to cover the lower gate insulating layer 154
and the upper gate insulating layer 156, places the encap-
sulation substrate 200 thereon, heats and melts the glass frit
with a laser beam to seal the TFT substrate 100 and the
encapsulation substrate 200.

[0130] Since the bond (glass frit) 300 is heated and melted
with a laser beam, the lower wiring layer 313 (the layer
including bottom gate electrodes 153) and the upper wiring
layer 315 (the M1 metal layer including top gate electrodes
157) are made of a metal having a high melting point, such
as Mo (molybdenum), Nb (niobium), W (tungsten), or an
alloy of a metal having a high melting point.

[0131] As set forth above, embodiments of this disclosure
have been described; however, this disclosure is not limited
to the foregoing embodiments. Those skilled in the art can
easily modify, add, or convert each element in the foregoing
embodiment within the scope of this disclosure. A part of the
configuration of one embodiment may be replaced with a
configuration of another embodiment or a configuration of
an embodiment may be incorporated into a configuration of
another embodiment.

What is claimed is:

1. A circuit configured to control intensity of light to be
emitted from a pixel of an OLED display device, the circuit
comprising:

a first thin film transistor configured to supply electric

current to an organic light-emitting film; and
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a storage capacitor configured to maintain gate potential

of the first thin film transistor,

wherein the first thin film transistor includes:

a bottom gate electrode;

a channel provided on a layer upper than the bottom
gate electrode to overlap with the bottom gate elec-
trode;

a first gate insulating layer provided between the chan-
nel and the bottom gate electrode;

a top gate electrode provided on a layer upper than the
channel to overlap with the channel and connected
with the bottom gate electrode; and

a second gate insulating layer provided between the
channel and the top gate electrode, and

wherein the storage capacitor includes a storage capacitor

electrode made of an impurity semiconductor, the stor-
age capacitor electrode being provided outside an over-
lap area with the top gate electrode on the same layer
as the channel to overlap with the bottom gate electrode
with the first gate insulating layer interposed.

2. The circuit according to claim 1, wherein thickness of
the first gate insulating layer is equal to or smaller than
thickness of the second gate insulating layer.

3. The circuit according to claim 1, further comprising a
second thin film transistor configured to supply a signal to
the gate of the first thin film transistor and the storage
capacitor,

wherein the second thin film transistor includes a semi-

conductor area on the same layer as the channel of the

first thin film transistor,

wherein the semiconductor area includes a channel of the

second thin film transistor and an impurity-doped area

continued to the channel of the second thin film tran-
sistor, and

wherein the impurity-doped area, the bottom gate elec-

trode of the first thin film transistor, and the top gate

electrode of the first thin film transistor are intercon-
nected through a common contact hole.

4. The circuit according to claim 3,

wherein the first thin film transistor and the second thin

film transistor are disposed on a first substrate in an area

inner than a bond bonding the first substrate and a

second substrate opposed to the first substrate,

wherein the circuit further comprises:

a driver circuit for the second thin film transistor;

a first wiring layer for the driver circuit provided on the
same layer as the bottom gate electrode; and

a second wiring layer for the driver circuit provided on
the same layer as the top gate electrode, and

wherein the first and the second wiring layers are pro-

vided under the bond.

5. The circuit according to claim 1, further comprising:

a plurality of power lines extending in a first direction and

being distant from one another on a layer upper than the

top gate electrode; and

a plurality of auxiliary power lines extending in a second

direction different from the first direction on the same

layer as the bottom gate electrode, the plurality of
auxiliary power lines being connected with the plurality
of power lines through contacts.

6. An OLED display device comprising:

a plurality of pixels arrayed on a first substrate, each of the

plurality of pixels including an organic light-emitting
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film and a lower electrode and an upper electrode

sandwiching the organic light-emitting film; and

a plurality of pixel circuits, each of the plurality of pixel

circuits being configured to control intensity of light to

be emitted from one of the plurality of pixels by
controlling electric current to be supplied to the pixel,
wherein each of the plurality of pixel circuits includes:

a first thin film transistor configured to supply electric
current to the organic light-emitting film through the
lower electrode; and

a storage capacitor configured to maintain gate poten-
tial of the first thin film transistor,

wherein the first thin film transistor includes:

a bottom gate electrode;

a channel provided on a layer upper than the bottom
gate electrode to overlap with the bottom gate elec-
trode;

a first gate insulating layer provided between the chan-
nel and the bottom gate electrode;

a top gate electrode provided on a layer upper than the
channel to overlap with the channel and connected
with the bottom gate electrode; and

a second gate insulating layer provided between the
channel and the top gate electrode, and

wherein the storage capacitor includes a storage capacitor

electrode made of an impurity semiconductor, the stor-
age capacitor electrode being provided outside an over-
lap area with the top gate electrode on the same layer
as the channel to overlap with the bottom gate electrode
with the first gate insulating layer interposed.

7. The OLED display device according to claim 6,
wherein thickness of the first gate insulating layer is equal to
or smaller than thickness of the second gate insulating layer.

8. The OLED display device according to claim 6,

wherein each of the plurality of pixel circuits further

includes a second thin film transistor configured to
supply a signal to the gate of the first thin film transistor
and the storage capacitor,

wherein the second thin film transistor includes a semi-

conductor area on the same layer as the channel of the

first thin film transistor,

wherein the semiconductor area includes a channel of the

second thin film transistor and an impurity-doped area

continued to the channel of the second thin film tran-
sistor, and

wherein the impurity-doped area, the bottom gate elec-

trode of the first thin film transistor, and the top gate

electrode of the first thin film transistor are intercon-
nected through a common contact hole.

9. The OLED display device according to claim 8, further
comprising:

a second substrate opposed to the first substrate;

abond disposed to surround the plurality of pixel circuits,

the bond bonding the first substrate and the second

substrate;

a driver circuit for the second thin film transistors dis-

posed in an area inner than the bond;

a first wiring layer for the driver circuit provided on the

same layer as the bottom gate electrodes; and

a second wiring layer for the driver circuit provided on the

same layer as the top gate electrodes,

wherein the first and the second wiring layers are pro-

vided under the bond.
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10. The OLED display device according to claim 6,

further comprising:

a plurality of power lines extending in a first direction and
being distant from one another on a layer upper than the
top gate electrodes; and

a plurality of auxiliary power lines extending in a second
direction different from the first direction on the same
layer as the bottom gate electrodes, the plurality of
auxiliary power lines being connected with the plurality
of power lines through contacts.

11. A method of manufacturing an OLED display device,

the OLED display device including a plurality of pixels
and a plurality of pixel circuits,

each of the plurality of pixels including an organic light-
emitting film and a lower electrode and an upper
electrode sandwiching the organic light-emitting film,

each of the plurality of pixel circuits being configured to
control intensity of light to be emitted from one of the
plurality of pixels by controlling electric current to be
supplied to the pixel,

each of the plurality of pixel circuits including a first thin
film transistor configured to supply electric current to
the organic light-emitting film through the lower elec-
trode and a storage capacitor configured to maintain
gate potential of the first thin film transistor, and

the method comprising:

a first step of forming bottom gate electrodes of the first
thin film transistors on a first substrate;

a second step of forming a first gate insulating layer
over the bottom gate electrodes;

a third step of forming a semiconductor layer including
channels of the first thin film transistors and storage
capacitor electrodes of the storage capacitors above
the first gate insulating layer in such a manner that
each of the channels overlaps with a part of the
bottom gate electrode and each of the storage capaci-
tor electrodes of the storage capacitors overlaps with
another part of the bottom gate electrode;

a fourth step of forming a second gate insulating layer
above the semiconductor layer;

a fifth step of forming top gate electrodes of the first
thin film transistors above the second gate insulating
layer in such a manner that each of the top gate
electrodes overlaps with a channel outside an overlap
area with a storage capacitor electrode; and

a sixth step of injecting an impurity onto the semicon-
ductor layer using the top gate electrodes as a mask.

12. The method according to claim 11, wherein thickness

of the first gate insulating layer is equal to or smaller than
thickness of the second gate insulating layer.

13. The method according to claim 11,

wherein each of the plurality of pixel circuits further
includes a second thin film transistor configured to
supply a signal to the gate of the first thin film transistor
and the storage capacitor,

wherein the semiconductor layer further includes semi-
conductor areas including channels of the second thin
film transistors,

wherein the fifth step includes forming top gate electrodes
of the second thin film transistors to overlap with the
channels of the second thin film transistors above the
second gate insulating layer, and
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wherein the method further comprises:

a step of forming a third insulating layer over the top
gate electrodes of the first thin film transistors and
the second thin film transistors;

a step of forming contact holes passing through the first
gate insulating layer, the second gate insulating
layer, and the third insulating layer to expose impu-
rity-doped areas of the second thin film transistors,
the bottom gate electrodes of the first thin film
transistors, and the top gate electrodes of the first thin
film transistors; and

a step of forming interconnection electrodes in the
contact holes.

14. The method according to claim 13,

wherein the first step includes forming lower wiring for a
driver circuit of the second thin film transistors outer
than the plurality of pixel circuits,

wherein the fifth step includes forming upper wiring for
the driver circuit of the second thin film transistors
outer than the plurality of pixel circuits, and
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wherein the method further comprises:

a step of applying glass frit to the first substrate in such
a manner that the glass frit covers the lower wiring
and the upper wiring,

a step of placing a second substrate on the glass frit; and

a step of heating and melting the glass frit with a laser
beam to bond the first substrate and the second
substrate.

15. The method according to claim 11,

wherein the first step includes forming a plurality of
auxiliary power lines in such a manner that the plurality
of auxiliary power lines extend in a first direction
together with forming the bottom gate electrodes, and

wherein the method further comprises:

a step of forming a plurality of power lines to transmit
electric current to the plurality of pixels on a layer
upper than the top gate electrodes of the first thin film
transistors in such a manner that the plurality of
power lines extend in a second direction different
from the first direction and are distant from one
another; and

a step of interconnecting the plurality of auxiliary
power lines and the plurality of power lines.
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