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ACTIVE MATRIX SUBSTRATE AND
ORGANIC EL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to an active matrix
substrate and to an organic EL display device. More specifi-
cally, the present invention relates to an active matrix sub-
strate that is suitable for a display device provided with a
current emissive element such as an organic EL element, and
to an organic EL display device provided with the active
matrix substrate.

BACKGROUND ART

[0002] Driving schemes in organic EL display devices
include two types, passive matrix and active matrix schemes.
Active matrix is the mainstream driving scheme at present, in
particular in large display devices.

[0003] Ordinarily, the pixels in an active-matrix organic EL
display device comprise each one organic EL element that is
provided with a switching transistor for transmission of data
signal, and with a driving transistor that drives the organic EL
element on the basis of a data signal that is transmitted by the
switching transistor (for instance, Patent Document 1). Para-
sitic capacitance arises between these members, which are
provided in the pixel, and wiring layers, for instance scanning
lines, signal lines and the like. Methods have been proposed
in which the display defect known as crosstalk, which derives
from this parasitic capacitance, is suppressed by arranging a
metallic pattern that constitutes an electric field shield for
scanning lines and signal lines (for instance, Patent Docu-
ment 2).

[0004] If the threshold voltage of the driving transistor of
each pixel exhibits variability, driving of the driving transistor
of each pixel with the same gate voltage results in variability
ofthe current value that is supplied from the driving transistor
to the organic ELL element. This is one cause of display
unevenness. Known methods for solving this problem
include, for instance, area gray scale expression or time-
division gray scale expression by digital gray scale driving. In
the case of analog gray scale driving, methods have been
disclosed wherein fluctuation in the threshold voltage of the
driving transistor is detected for each pixel, and a so-called
compensation circuit is formed that compensates that fluc-
tuation (for instance, Patent Document 3).

PRIOR ART REFERENCES
Patent Documents

Patent Document 1: JP 2006-47999 (page 2)
Patent Document 2: JP 2006-30635 (pages 2 to 4)
Patent Document 3: JP 2005-31630 (page 2 and 10)

[0005]
[0006]
[0007]

DISCLOSURE OF THE INVENTION

[0008] The purpose of the abovementioned method of
arranging a metallic pattern that constitutes an electric field
shield was not lowering parasitic capacitance inside pixels.
[0009] The above-described method of forming a compen-
sation circuit is a pixel circuit configuration and driving
method that allows compensating a threshold value by itself,
but the circuit configuration was complex, and parasitic
capacitance formed inside the pixels, which gave rise to
potential fluctuations that in turn detracted from response
speed in the panel.
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[0010] The operation mechanism of a conventional organic
EL display device provided with a compensation circuit is
explained next.

[0011] FIGS. 8 and 9 are plan-view schematic diagrams
illustrating a pixel of a conventional organic EL display
device provided with a compensation circuit. The pixel has
six transistors (T1 to T6), two capacitors (C1 and C2), and one
organic EL element OLED. In FIG. 8, scan[n-1] and scan|n]
denote, respectively, an [n-1]-th and an [n]-th scanning line;
Vini[n] denotes an [n]-th initialization voltage line; and em[n]
denotes an [n]-th emission control line. The transistor T1
responds to a scan signal inputted from the scanning line
scan[n-1], and a data signal stored in the capacitors C1, C2 is
discharged via the initialization voltage line Vini[n], to ini-
tialize as a result the gate voltage of the transistor T4. The
transistor T2 compensates variability in the threshold voltage
of the transistor T4. The transistor T3 responds to the scan
signal inputted from the scanning line scan[n], and performs
switching of the data signal inputted from the signal line data.
The transistor T4 responds to the data signal inputted via the
transistor T3, and decides the amount of current that is sup-
plied to the organic EL element OLED. The transistor T5
responds to the emission signal inputted from the emission
control line em[n], and performs switching of the current that
is supplied to the transistor T4 from the power source line
ELVDD. The transistor T6 responds to the emission signal
inputted from the emission control line em[n], and performs
switching of the current that is supplied to the organic EL
element OLED from the transistor T4. The capacitor C1
stores gate voltage that is inputted to the transistor T4. The
purpose of the capacitor C2 is to assist the capacitor C1. The
organic EL element OLED emits light in accordance with the
current that is supplied from the transistor T4. The anode of
the organic EL element OLED is connected to the drain of the
transistor 16, and the cathode of the organic ELL element
OLED is connected to a power source line ELVSS.

[0012] Upon observation of response between gray scales
in the organic EL display device illustrated in FIGS. 8 and 9,
aphenomenon of a step-like response is observed wherein the
original brightness cannot be reached in a frame (one frame
corresponds to a 16.7 ms display period) immediately after
switching of gray scale, but is eventually reached in subse-
quent frames.

[0013] FIG. 10 is a graph illustrating measurement results
of response characteristic of a conventional organic EL dis-
play device provided with a compensation circuit. FIG. 10
illustrates results of an instance where black display changes
into white display. As illustrated in FIG. 10, brightness is very
low at the frame immediately after change from black display
to white display, as compared with subsequent frames. This
result indicates that the response time (time required to reach
90% or more of the brightness to be originally reached) is
longer than the time of one frame. When the response time is
longer than the time of one frame, an unwanted line-like
pattern called “tailing” is seen upon screen scroll (upon video
display), which is a cause of loss of display performance.
Conventional organic EL display devices having a compen-
sation circuit, thus, had room for improvement in that the
high-speed response characteristics of the organic EL ele-
ment failed to be brought out.

[0014] Inthe light of the above, it is an object of the present
invention to provide an active matrix substrate driven by an
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analog gray scale method, and an organic EL display device,
in which decrease in response speed of a current emissive
element is suppressed.

Means for Solving the Problems

[0015] The inventor conducted various studies on active
matrix substrates driven by an analog gray scale method in
which decrease in response speed of a current emissive ele-
ment is suppressed, and came to focus on regions in which a
gate electrode of a transistor (driving transistor) that supplies
current to a current emissive element is covered with a pixel
electrode of the current emissive element. The path of current
that is supplied to a current emissive element from a transistor
that supplies current to the current emissive element is pref-
erably as short as possible. Therefore, the current emissive
element and the transistor are often disposed close to each
other. In terms of securing an emission region that is as wide
as possible, the area ratio of the pixel electrode is normally set
to be high. For the above reasons, the pixel electrode of the
current emissive element and the gate electrode of the tran-
sistor that supplies current to the current emissive element are
often disposed overlappingly (in superposition), and parasitic
capacitance is thus likely to occur. The number of members
disposed in the pixel is substantial, and the layout of the
various members is complex, in particular, in pixels that are
provided with a compensation circuit for compensating vari-
ability of threshold voltage in the transistor that supplies
current to the current emissive element. Therefore, the region
in which the gate electrode of the transistor that supplies
current to the current emissive element is covered with the
pixel electrode of the current emissive element and is likely to
become larger. Also, pixel layout is complex in a case where
a compensation circuit is made up of a plurality of transistors,
as in the organic EL display device illustrated in FIGS. 8 and
9. As a result, the pixel electrode of the current emissive
element covers more readily the gate electrode of the transis-
tor that supplies current to the current emissive element, and
in some instances, the pixel electrode may cover the entirety
of the gate electrode. Focusing now on the wiring layer, a
scanning line is formed in a first wiring layer, and hence
wiring (for instance, a gate electrode 102 of the transistor T4
that supplies current to the current emissive element) for
forming capacitance and for connection between transistors
is normally formed at a wiring layer directly below a pixel
electrode that is an overlying wiring layer. In the organic EL,
display device illustrated in FIGS. 8 and 9, parasitic capaci-
tance (hereafter notated as Cad) is formed between the gate
electrode 102 of the transistor T4 and a pixel electrode 103
(anode) of the organic EL element OLED. In the light of the
measurement results of FIG. 10, the inventor speculated that
this Cad might be a cause of the step-like response.

[0016] To verify the above study results, simulation mea-
surements of response waveforms were performed in the
organic EL display device illustrated in FIGS. 8 and 9, with
changes in Cad. FIGS. 11, 12 and 13 are graphs illustrating
response waveforms of current as obtained by simulation
measurements of response waveforms in cases where Cad
was 0, 20 and 60 {F, respectively.

[0017] As illustrated in FIGS. 11 to 13, no step-like
response is found when Cad is 0 fF; however, a step-like
response arises for Cad of 20 and 60 fF. The regions sur-
rounded by the broken line in FIG. 12 and FIG. 13 denote sites
at which step-like response occurs. It is found that the differ-
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ence between current in the 1st frame and current in the 2nd
frame increases as Cad rises from 20 fF to 60 fF.

[0018] The relationship between Cad and current supplied
to the organic EL element was evaluated on the basis of the
results of the above response waveform simulation. FIG. 14 is
a graph illustrating the relationship between Cad and current
supplied to the organic EL element. FIG. 14 reflects also the
results of simulations performed for Cad other than 0, 20 and
60 fF. In FIG. 14, the “current ratio” in the ordinate axis
denotes current ratio between the 1st frame and the 3rd frame
after switching from black display to white display or half-
tone display, and is a value resulting from dividing the mean
value of current in the 1st frame by the mean value of current
in the 3rd frame.

[0019] The results illustrated in FIG. 14 indicate that the
current ratio tends to decrease as Cad becomes greater. That
is, the difference between current in the 1st frame and current
in the 3rd frame tends to increase as Cad becomes greater.

[0020] Brightness in the organic EL element is proportional
to the current that is supplied by the transistor that supplies
current to the current emissive element. That is, the current
ratio in FIG. 14 is equal to the brightness ratio in the 1st frame
and the 3rd frame. Therefore, the current ratio in F1IG. 14 must
exceed 0.9 in order to prevent the occurrence of a step-like
response characteristic through shortening of the response
time to be shorter than the time of one frame. The results
illustrated in FIG. 14 suggest that the current ratio exceeds 0.9
in a case where Cad is smaller than about 20 fF upon switch-
ing from black display to white display, and in a case where
Cad is smaller than about 16 fF upon switching from black
display to half-tone display. In the organic EL display device
illustrated in FIGS. 8 and 9, however, the current ratio was 0.9
orless,asisclearin FIG. 10, and the response time was longer
than the time of one frame.

[0021] An explanation follows next on a driving method of
the pixel illustrated in FIGS. 8 and 9, and on the reasons for
the occurrence of a step-like response on account of Cad. FIG.
15 is a timing chart of the 1st frame in the pixel illustrated in
FIGS. 8 and 9. In FIG. 15, displacement in the vertical direc-
tion denotes voltage change in respective wirings, while dis-
placement from left to right denotes passage of time. In FIG.
15 the times in the various wirings have been arrayed verti-
cally to facilitate a comparison between the voltages at the
respective wirings at a same point in time. In FIG. 15, Vgs
denotes the gate voltage of the transistor T4.

[0022] Three steps, namely an initialization period a, a
program period b and an emission period ¢, are sequentially
provided in one frame, in this order. The various steps are
explained next.

[0023] Firstly, in the initialization period a, the scanning
line scan[n-1] is switched on, and charge (data signal) stored
in the capacitors C1, C2 is discharged via the initialization
voltage line Vini[n]. The gate voltage of the transistor T4 is
initialized as a result.

[0024] In the program period b, next, the scanning line
scan[n] is switched on, and data on each gray scale inputted
from the signal line data is written in the transistor T4, to
compensate thereby the threshold voltage of the transistor T4.
At this time, the gate voltage of the transistor T4 takes on a
value that is lower, by the threshold voltage (Vth) of the
transistor T4, than the voltage (V data) inputted from the
signal line data. Charge corresponding to the gate voltage of
the transistor T4 is stored in the capacitors C1, C2.
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[0025] In the emission period c, the emission control line
em[n] is switched on, and current according to the gate volt-
age of the transistor T4, i.e. according to Vdata-Vth, is sup-
plied to the organic EL element OLED, whereupon the
organic EL element OLED emits light as a result.

[0026] An explanation follows next on the relationship
between the gate voltage of the transistor T4 and the current
that is supplied to the organic EL element OLED from the
transistor T4. FIG. 16 is a schematic diagram illustrating a
TFT characteristic of the transistor T4 (transistor that sup-
plies current to the current emissive element). In FIGS. 16, V8
(V) and V255 (V) denote, respectively, the gate voltage (Vgs)
of'the transistor T4 in cases where a gray scale value is 8 and
255, respectively.

[0027] Inthe program period b, the threshold voltage of the
transistor T4 is compensated, and Vdata-Vth is set as the gate
voltage of the transistor T4. In the emission period ¢, current
flows according to the gate voltage of the transistor T4. The
gate voltage (Vgs) of the transistor T4 during emission obeys
Vgs_1<Vgs_2 when arelationship V data_1<V data_2 holds.
That is, the gate voltage (Vgs) of the transistor T4 increases
when the voltage (Vdata) inputted from the signal line data
increases, and, as a result, a current value (Ids) that flows
between the source and drain of the transistor T4 becomes
smaller. In the TFT characteristic illustrated in FIG. 16,
Vgs_1 corresponds to V255 (V) and Vgs_2 correspondsto V8
V).

[0028] The reason for the occurrence of a step-like
response on account of Cad is explained next. Focusing on the
point in time at which the emission control line em[n] is
switched on in the emission period ¢ of FIG. 15, the gate
voltage (Vgs) of the transistor T4 rises by a width denoted by
a.. This is deemed to arise from the capacitive component of
the organic EL element OLED itself. At a non-display period
(period at which the emission control line em[n] is off),
charge cannot be drawn from the pixel electrode of the
organic EL element OLED. When the emission control line
em|n] is switched on, therefore, the Vgs of the transistor T4
rises up in the voltage direction of the previous frame, via
Cad, to yield a voltage that is different from the original
voltage.

[0029] From a next frame onwards, the voltage in the pixel
electrode of the organic EL element OLED results from add-
ing the rise (or fall) fraction to the original voltage. Therefore,
the voltage comes closer to the original gate voltage, with less
influence from a previous frame as compared with the initial
frame upon gray scale switching. The initial frame and the
next frame exhibit thus a step-like response characteristic
upon gray scale switching.

[0030] Itis found thus that Cad must be lowered in order to
eliminate the step-like response characteristic. As a result of
further study, the inventor found that Cad is reduced, and the
occurrence of step-like response characteristic suppressed,
by arranging the gate electrode of a transistor that supplies
current to a current emissive element in such a manner that the
gate electrode stands farther from a pixel electrode of the
current emissive element. The inventor found that the above
problems could be admirably solved thereby, and arrived thus
at the present invention.

[0031] Specifically, the present invention is an active
matrix substrate driven by an analog gray scale method,
including a pixel that has a current emissive element and a
transistor that supplies current to the current emissive ele-
ment, wherein the pixel further has a compensation circuit for
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compensating variability of threshold voltage in the transis-
tor, the current emissive element has a pixel electrode elec-
trically connected to the transistor, and a gate electrode of a
transistor that makes up the compensation circuit forms a
region covered with the pixel electrode, a part or the entirety
of'the gate electrode that is positioned within the region being
provided in a wiring layer that is lower than a wiring layer
directly below the pixel electrode.

[0032] The configuration of the active matrix substrate of
the present invention is not especially limited by other com-
ponents as long as it essentially includes such components.
[0033] Preferable embodiments of the active matrix sub-
strate of the present invention are mentioned in more detail
below.

[0034] One preferred mode of the active matrix substrate of
the present invention may be a mode wherein a part or the
entirety of the gate electrode is provided in a first wiring layer
being a wiring layer closest to the substrate. As a result, Cad
can be sufficiently reduced, and the influence of a previous
frame can be eliminated. Occurrence of a step-like response
characteristic can be prevented as a result.

[0035] One preferred mode of the active matrix substrate of
the present invention may be a mode wherein, in the active
matrix substrate, a shield electrode is provided in a wiring
layer between the pixel electrode and a wiring layer in which
the gate electrode is provided, and the shield electrode forms
a region covering the gate electrode. This mode can be
regarded as a mode in which the shield electrode is formed in
such a way so as to cover the gate electrode. In such a mode,
the shield electrode is formed between the gate electrode and
the pixel electrode. Hence, an organic EL display device can
be provided that is excellent in display performance and that
is not influenced by the electrodes at both ends that form the
Cad.

[0036] The shield electrode can be connected to a power
source line or the like.

[0037] Pixel layout is complex in a case where a compen-
sation circuit is made up of a plurality of transistors, as in the
organic EL display device illustrated in FIGS. 8 and 9. There-
fore, the gate electrode 102 is likely to cover scanning lines
and so forth that are formed at the first wiring layer. In this
case, therefore, the surface area of the portion of the gate
electrode 102 that is formed in the second wiring layer (wir-
ing layer directly below the pixel electrode 103) tends to
increase, as does Cad. In the present invention, Cad can be
reduced, and hence the problem of the abovementioned con-
figuration can be effectively solved.

[0038] One preferred mode of the active matrix substrate of
the present invention may be a mode wherein the shield
electrode is provided in the second wiring layer. The effect of
the present invention can be brought out yet more fully as a
result.

[0039] One preferred mode of the active matrix substrate of
the present invention may be a mode wherein the gate elec-
trode forms a region covering a power source line. This mode
allows reducing Cad and suppressing the occurrence of a
step-like response characteristic, and makes it possible for
capacitance (charge corresponding to the gate voltage of the
transistor T4) to be formed between wiring layers without
problems.

[0040] Ina preferred mode, for instance, the gate electrode
is formed at the first wiring layer and the second wiring layer,
via a contact hole, a power source layer is formed at the first
wiring layer, and a region is formed at which there overlap a
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gate electrode formed in the second wiring layer and a power
source line formed at the first wiring layer.

[0041] The present invention is also an organic EL display
device provided with the active matrix substrate of the present
invention, wherein the current emissive element in the pixel is
an organic EL element, and the pixel electrode of the current
emissive element in the pixel is an anode or cathode of the
organic EL element. In the active matrix substrate of the
present invention, Cad is reduced, and occurrence of a step-
like response characteristic is suppressed. An organic EL
display device having excellent display performance can be
realized as a result.

[0042] The aforementioned modes may be employed in
appropriate combination as long as the combination is not
beyond the spirit of the present invention.

Effect of the Invention

[0043] By virtue of the active matrix substrate and organic
EL display device of the present invention there can be pro-
vided an active matrix substrate driven by an analog gray
scale method, and an organic EL display device, in which
decrease in response speed of a current emissive element is
suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044] FIG. 1 is a circuit diagram illustrating a pixel of an
organic EL display device in an embodiment;

[0045] FIG. 2is a plan-view schematic diagram illustrating
a pixel in an organic EL display device of Embodiment 1;
[0046] FIG. 3 is a cross-sectional schematic diagram along
line Y-Y" in FIG. 2;

[0047] FIG. 4is a plan-view schematic diagram illustrating
a pixel in an organic EL display device of Embodiment 2;
[0048] FIG.5is aplan-view schematic diagram illustrating
a pixel in an organic EL display device of Embodiment 3;
[0049] FIG. 6 is a cross-sectional schematic diagram along
line Z-7' in FIG. 5;

[0050] FIG. 7is a plan-view schematic diagram illustrating
a pixel in an organic EL display device of Embodiment 4;
[0051] FIG. 8is a plan-view schematic diagram illustrating
a pixel of a conventional organic EL display device provided
with a compensation circuit;

[0052] FIG. 9 is a cross-sectional schematic diagram along
line X-X"in FIG. 8;

[0053] FIG. 10 is a graph illustrating measurement results
of response characteristic of a conventional organic EL dis-
play device provided with a compensation circuit;

[0054] FIG. 11 is a graph illustrating a current response
waveform obtained by simulation of a response waveform in
a case where Cad is 0 {F;

[0055] FIG. 12 is a graph illustrating a current response
waveform obtained by simulation of a response waveform in
a case where Cad is 20 {F;

[0056] FIG. 13 is a graph illustrating a current response
waveform obtained by simulation of a response waveform in
a case where Cad is 60 {F;

[0057] FIG. 14 is a graph illustrating the relationship
between Cad and current supplied to an organic EL element;
[0058] FIG. 15 is a timing chart of a 1st frame in a pixel of
a conventional organic EL display device; and
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[0059] FIG. 16 is a schematic diagram illustrating a TFT
characteristic of a transistor T4 (transistor that supplies cur-
rent to a current emissive element).

MODES FOR CARRYING OUT THE INVENTION

[0060] Inthe present description, “pixel electrode” denotes
an electrode electrically connected to a drain electrode of a
transistor that supplies current to a current emissive element,
from among the electrodes comprised in the current emissive
element. In the case of an organic ELL element, the pixel
electrode may be an anode or a cathode.

[0061] Inthe present description, the “current emissive ele-
ment” is not particularly limited and need only be an element
that emits light by itself on account of supplied current.
Examples of current emissive elements in which the present
invention is particularly effective include, for instance, planar
current emissive elements such as organic EL elements, inor-
ganic EL elements and the like.

[0062] In the present description, a “wiring layer directly
below the pixel electrode” denotes a first wiring layer, count-
ing from the pixel electrode, from among the wiring layers
that are disposed further towards the substrate side than the
pixel electrode. Ordinarily, interlayer dielectrics are disposed
between the pixel electrode and the wiring layers. Therefore,
a “wiring layer directly below the pixel electrode” denotes
also a “wiring layer adjacent to the pixel electrode across an
interlayer dielectric”.

[0063] In the present description, a configuration wherein
layer A and layer B are at a same level indicates at least one
instance from among a configuration wherein an underlying
layer in contact with layer A and an underlying layer in
contact with layer B is a shared layer, or a configuration
wherein an overlying layer in contact with layer A and an
overlying layer in contact with layer B are a shared layer, but
preferably denotes an instance where both such configura-
tions are satisfied. The wiring layer denotes a layer of wiring
that is used as a conductor inside and outside the pixel. The
first wiring layer denotes a wiring layer closest to the sub-
strate, i.e. a wiring layer that stands first, counting from the
substrate, from among the wiring layers that are disposed
further on the pixel electrode side than the substrate. Simi-
larly, the second wiring layer is the wiring layer that stands
second counting from the substrate. The wiring layer is ordi-
narily low-resistance wiring (metal wiring). For instance a
wiring layer that forms a scanning line is the first wiring layer,
and a wiring layer that forms a data line is the second wiring
layer. A semiconductor layer is ordinarily present in the form
of'a semiconductor portion such as a channel or the like and
a pattern-like portion having lowered resistance through ion
implantation via a mask or the like. A semiconductor layer
having thus a semiconductor as a material and that makes
distinct use of semiconductor characteristics or conductor
characteristics, depending on the application, does not con-
stitute a wiring layer in the present description.

[0064] In plan-view schematic diagrams that illustrate a
pixel of an organic EL display device, the first wiring layer is
depicted by a broken line and the pixel electrode and the
second wiring layer are depicted by solid lines. FIG. 8 and
FIG. 9 illustrate a semiconductor layer 101 of a TFT, but the
semiconductor layer 101 is depicted with a broken line.
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[0065] The present invention will be mentioned in more
detail referring to the drawings in the following embodi-
ments, but is not limited to these embodiments.

Embodiment 1

[0066] FIG. 1 is a circuit diagram illustrating a pixel of an
organic EL display device according to Embodiment 1.
[0067] The arrangement relationship between the various
members in the pixel illustrated in FIG. 1 is explained with
reference to FIGS. 2 and 3. FIG. 2 is a plan-view schematic
diagram illustrating a pixel in an organic EL display device
provided with a compensation circuit of Embodiment 1. FIG.
3 is a cross-sectional schematic diagram along line Y-Y' in
FIG. 2.

[0068] Scanning lines scan[n-1], scan|[n], scan[n+1], an
emission control line em[n] and an initialization voltage line
Vini are formed in one same level (first wiring layer), and
extend in the horizontal direction in FIG. 2. A signal line data,
formed in a second wiring layer, extends in the vertical direc-
tion in FIG. 2.

[0069] The first wiring layer is disposed at a level closer to
a substrate 100 than the second wiring layer. FIG. 2 and FIG.
3 illustrate a configuration wherein a gate electrode 102 is
formed only at the first wiring layer.

[0070] One pixel electrode 103 that functions as an anode
of the organic EL element OLED, is disposed at each region
delimited by the scanning line scan[n-1], the scanning line
scan[n+1], a power source line ELVDD and the signal line
data. This region, which functions as one display unit, will
also be referred to, in the present description, as a pixel. A
semiconductor layer of the transistors T1 to T6 and the gate
electrode 102 of the transistor T4 are disposed in the pixel.
The region denoted by A is a pixel opening that functions as
the display region of the organic EL display device.

[0071] Asillustrated in FIG. 3, an interlayer dielectric 110,
aninterlayer dielectric 111 and an interlayer dielectric 112 are
stacked, in this order, from the side of the substrate 100. The
first wiring layer (gate electrode 102 of the transistor T4) is
disposed between the interlayer dielectric 110 and the inter-
layer dielectric 111. The second wiring layer (power source
line ELVDD and signal line data) is disposed between the
interlayer dielectric 111 and the interlayer dielectric 112. The
pixel electrode 103 is disposed on the interlayer dielectric
112. An end portion of the pixel electrode 103 is covered by
an edge cover 113. Through covering of the periphery of the
end portion of the pixel electrode 103, the edge cover 113
allows preventing shorts between the pixel electrode 103 and
the cathode (power source line ELVSS) that is disposed oppo-
site the pixel electrode 103 across an organic EL layer. The
portion at which the edge cover 113 is not formed corre-
sponds to the opening A.

[0072] Inthe organic EL display device of Embodiment 1,
the gate electrode 102 of the transistor T4 that supplies cur-
rent to the current emissive element forms a region covered
with the pixel electrode 103, and is provided in a wiring layer
that is lower than the wiring layer (second wiring layer)
directly below the pixel electrode 103. Forming the gate
electrode 102 this way allows reducing the capacitive com-
ponent between the pixel electrode 103 and the gate electrode
102, and allows lowering Cad to 15 {F or less. Occurrence of
a step-like response can be suppressed as a result, and there
can be realized an organic EL display device having excellent
display performance.
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[0073] As illustrated in FIG. 3, the signal line data and the
power source line ELVDD are formed at the wiring layer
directly below the pixel electrode 103 (second wiring layer).
The gate electrode 102 of the transistor T4 is provided in a
wiring layer that is lower than the second wiring layer (i.e. at
the first wiring layer being a wiring layer closest to the sub-
strate).

Embodiment 2

[0074] The circuit diagram illustrating a pixel of an organic
EL display device of Embodiment 2 is identical to that of
Embodiment 1.

[0075] FIG. 4is aplan-view schematic diagram illustrating
a pixel in an organic EL display device of Embodiment 2. In
the organic EL display device of Embodiment 2, the gate
electrode 102 of the transistor T4 is formed in a first wiring
layer and a second wiring layer via a contact hole 105.
[0076] Asillustratedin FIG. 4, the gate electrode 102 forms
aregion covered with the pixel electrode 103, and is provided
in a wiring layer (first wiring layer) that is lower than the
wiring layer directly below the pixel electrode 103; as a result,
this allows lowering Cad to 15 fF or less, and suppressing the
occurrence of a step-like response characteristic.

[0077] Also, capacitance (capacitor C1 formed through
overlap of the gate electrode 102 and the power source line
ELVDD) that is formed between the wiring layers can be
formed without problems by virtue of the present configura-
tion wherein part of the gate electrode 102 (portion formed at
the second wiring layer) forms a region covering the power
source line ELVDD that is formed at the first wiring layer.
[0078] An organic EL display device having excellent dis-
play performance can be realized as a result.

Embodiment 3

[0079] Thecircuit diagram illustrating a pixel of an organic
EL display device of Embodiment 3 is identical to that of
Embodiment 1.

[0080] FIG.5isaplan-view schematic diagram illustrating
a pixel in an organic EL display device of Embodiment 3.
FIG. 6 is a cross-sectional schematic diagram along line Z-7'
in FIG. 5.

[0081] Inthe organic EL display device of Embodiment 3,
the gate electrode 102 of the transistor T4 that supplies cur-
rent to the current emissive element is provided in a first
wiring layer that is lower than a wiring layer (second wiring
layer) directly below the pixel electrode 103.

[0082] As illustrated in FIG. 5 and FIG. 6, the gate elec-
trode 102 forms a region covered with the pixel electrode 103,
and is provided in a wiring layer that is lower than the wiring
layer directly below the pixel electrode 103; as a result, this
allows lowering Cad to substantially O {F, and suppressing the
occurrence of a step-like response characteristic.

[0083] As illustrated in FIG. 6, a shield electrode 104 is
provided in a wiring layer (second wiring layer) between the
pixel electrode 103 and a wiring layer (first wiring layer) that
stands closest to the substrate and in which the gate electrode
102 is formed, such that the shield electrode 104 forms a
region covering the gate electrode 102 that is provided in the
first wiring layer.

[0084] Forming thus the shield electrode 104 at the second
wiring layer above the gate electrode 102 allows preventing,
yet more thoroughly, susceptibility to the influence of the
electrodes at both ends where Cad is formed.
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[0085] An organic EL display device having excellent dis-
play performance can be realized as a result.

[0086] The shield electrode 104 that is connected to the
signal line data and the power source line ELVDD is formed
at a wiring layer (second wiring layer) directly below the
pixel electrode 103.

[0087] An end portion of the pixel electrode 103 is covered
by the edge cover 113. The portion at which the edge cover
113 is not formed corresponds to the opening A. Interlayer
dielectrics 112, 111, 110 are formed, respectively, between
the pixel electrode 103 and the second wiring layer, between
the second wiring layer and the first wiring layer (gate elec-
trode 102), and between the first wiring layer and the sub-
strate 100.

Embodiment 4

[0088] The circuit diagram illustrating a pixel of an organic
EL display device of Embodiment 4 is identical to that of
Embodiment 1.

[0089] FIG. 7is a plan-view schematic diagram illustrating
a pixel in an organic EL display device of Embodiment 4. In
the organic EL display device of Embodiment 4, the gate
electrode of the transistor that supplies current to the current
emissive element is formed in a first wiring layer and a second
wiring layer via a contact hole 105.

[0090] As illustrated in FIG. 7, the gate electrode forms a
region covered with the pixel electrode 103, and is provided in
a wiring layer (first wiring layer) that is lower than the wiring
layer directly below the pixel electrode 103; as a result, this
allows lowering Cad to substantially O {F, and suppressing the
occurrence of a step-like response characteristic.

[0091] Also, capacitance (capacitor C1 formed through
overlap of the gate electrode and the power source line
ELVDD) that is formed between the wiring layers can be
formed without problems by virtue of the present configura-
tion wherein part of the gate electrode (portion formed at the
second wiring layer) forms a region covering the power
source line ELVDD that is formed at the first wiring layer.
[0092] In FIG. 7, the shield electrode 104 is provided in a
wiring layer (second wiring layer) between the pixel elec-
trode 103 and a wiring layer (first wiring layer) in which part
of the gate electrode (i.e. portion formed at the first wiring
layer) is provided, such that the shield electrode 104 forms a
region covering part of the gate electrode (i.e. portion pro-
vided in the first wiring layer).

[0093] Forming thus the shield electrode 104 at the second
wiring layer above the gate electrode allows preventing, yet
more thoroughly, susceptibility to the influence of the elec-
trodes at both ends where Cad is formed.

[0094] An organic EL display device having excellent dis-
play performance can be realized as a result.

[0095] In the explanation above, TFTs and so forth have
been omitted in the figures, for the sake of an easier compre-
hension of the characterizing features of the embodiments. In
all embodiments, however, the compensation circuit com-
prises a plurality of TFTs. The gate electrode of T4 forms
capacitance with the second wiring layer, but, in addition, can
form capacitance with a semiconductor layer. In Embodi-
ments 1 and 3, for instance, the gate electrode 102 of T4 can
form capacitance with a semiconductor layer.

[0096] The aforementioned modes of the embodiments
may be employed in appropriate combination as long as the
combination is not beyond the spirit of the present invention.
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[0097] The present application claims priority to Patent
Application No. 2009-241319 filed in Japan on Oct. 20, 2009
under the Paris Convention and provisions of national law in
a designated State, the entire contents of which are hereby
incorporated by reference.

EXPLANATION OF REFERENCE NUMERALS

[0098] T1, T2, T3, T4, T5, T6: transistor

[0099] C1, C2: capacitor

[0100] OLED: organic EL element

[0101] scan[n-1], scan[n], scan[n+1]: scanning line
[0102] Vini[n]: initialization voltage line

[0103] em[n]:emission control line

[0104] ELVDD, ELVSS: power source line

[0105] data: signal line

[0106] A: opening

[0107] 100: substrate

[0108] 101: semiconductor layer

[0109] 102: gate electrode

[0110] 103: pixel electrode (anode)
[0111] 104: shield electrode

[0112] 105: contact hole

[0113] 110, 111, 112: interlayer dielectric
[0114] 113: edge cover

1. An active matrix substrate driven by an analog gray scale
method, comprising a pixel that has a current emissive ele-
ment and a transistor that supplies current to the current
emissive element,

wherein the pixel further has a compensation circuit for

compensating variability of threshold voltage in the
transistor,

the current emissive element has a pixel electrode electri-

cally connected to the transistor, and

a gate electrode of a transistor that makes up the compen-

sation circuit forms a region covered with the pixel elec-
trode, a part or the entirety of the gate electrode that is
positioned within the region being provided in a wiring
layer that is lower than a wiring layer directly below the
pixel electrode.

2. The active matrix substrate according to claim 1,
wherein a part or the entirety of the gate electrode is provided
in a first wiring layer being a wiring layer closest to the
substrate.

3. The active matrix substrate according to claim 1,
wherein in the active matrix substrate, a shield electrode is
provided in a wiring layer between the pixel electrode and a
wiring layer in which the gate electrode is provided, and

the shield electrode forms a region covering the gate elec-

trode.

4. The active matrix substrate according to claim 3,
wherein the shield electrode is provided in a second wiring
layer.

5. The active matrix substrate according to claim 1,
wherein the gate electrode forms a region covering a power
source line.

6. An organic EL display device, comprising the active
matrix substrate according to claim 1,

wherein the current emissive element in the pixel is an

organic EL element, and

the pixel electrode of the current emissive element in the

pixel is an anode or cathode of the organic EL element.
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