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FIG. 1
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DISPLAY APPARATUS
TECHNICAL FIELD
[0001] The present invention relates to a display appara-
tus.
BACKGROUND ART
[0002] As a display apparatus including current-driven

light-emitting elements, a display apparatus including
organic electroluminescent (EL) elements is known. Such an
organic EL display apparatus including organic EL ele-
ments, which are self-luminous elements, does not require a
backlight that is necessary for a liquid crystal display
apparatus, and thereby is most suitable for achieving a
thinner display apparatus. In addition, having an unlimited
viewing angle, the organic EL display apparatus is hoped to
be commercially practical as a next-generation display appa-
ratus.

[0003] For example, Patent Literature (PTL) 1 discloses a
configuration of an active-matrix display apparatus in which
power supply wiring is enhanced to achieve pixels with
higher resolution.

CITATION LIST

Patent Literature

[0004] [PTL 1] Japanese Unexamined Patent Application
Publication No. 2008-65199

SUMMARY OF INVENTION

Technical Problem

[0005] However, such a display apparatus may possibly
cause display unevenness.

[0006] In view of this, the present disclosure provides a
display apparatus that can reduce display unevenness.

Solution to Problem

[0007] A display apparatus according to an aspect of the
present disclosure has a plurality of pixels and includes: a
circuit substrate; a light-emitting layer which is provided
above the circuit substrate; a plurality of first partitions
which partition the light-emitting layer into a plurality of
linear sections; and a plurality of power supply lines which
are provided for the circuit substrate and supply a predeter-
mined voltage to the plurality of pixels, wherein each of the
plurality of pixels has: a light-emitting element which
includes a part of the light-emitting layer partitioned into the
plurality of linear sections and emits light corresponding to
asupplied current; a drive transistor which supplies a current
to the light-emitting element; and a storage capacitor which
stores a threshold voltage of the drive transistor, and each of
the plurality of power supply lines is arranged to cross the
plurality of first partitions as viewed from above.

Advantageous Effects of Invention

[0008] The display apparatus according to the present
disclosure can reduce display unevenness.

BRIEF DESCRIPTION OF DRAWINGS

[0009] FIG.1 is a partially-cutaway perspective view of an
organic EL display apparatus according to Embodiment 1.
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[0010] FIG. 2 is a perspective view showing an example
of banks of the organic EL display apparatus according to
Embodiment 1.

[0011] FIG. 3 is a cross-sectional view showing a pixel
configuration according to Embodiment 1.

[0012] FIG. 4 is an electric circuit diagram showing a
configuration of a pixel circuit included in the organic EL
display apparatus according to Embodiment 1.

[0013] FIG. 5is a timing chart showing an operation of the
pixel circuit included in the organic EL display apparatus
according to Embodiment 1.

[0014] FIG. 6 is an explanatory view showing a state of
the pixel circuit in a Vth detection period shown in FIG. 5.

[0015] FIG. 7 is an explanatory view showing a state of
the pixel circuit in a light emission period shown in FIG. 5.

[0016] FIG. 8 is a diagram showing an arrangement of
power supply lines (VREF lines) and the banks in the
organic EL display apparatus according to Embodiment 1.

[0017] FIG. 9 is a diagram showing another example of
the arrangement of first RESET lines in the organic EL
display apparatus according to Embodiment 1.

[0018] FIG. 10 is a diagram showing another example of
the arrangement of the first RESET lines in the organic EL
display apparatus according to Embodiment 1.

[0019] FIG. 11 is an electric circuit diagram showing a
configuration of a pixel circuit included in an organic EL
display apparatus according to Modification of Embodiment
1

[0020] FIG. 12 is a diagram showing an arrangement of
power supply lines (DATA lines) and banks in the organic
EL display apparatus according to Modification of Embodi-
ment 1.

[0021] FIG. 13 is an explanatory view showing a state of
a pixel circuit in a Vth detection period shown in FIG. 5,
according to Embodiment 2.

[0022] FIG. 14 is a graph showing [-V characteristics of a
drive transistor according to Embodiment 2.

[0023] FIG. 15 is a diagram showing an arrangement of
power supply lines (VDD lines) and banks in an organic EL
display apparatus according to Embodiment 2.

[0024] FIG. 16 is an explanatory view showing a state of
a pixel circuit in an EL reset period shown in FIG. 5,
according to Embodiment 3.

[0025] FIG. 17 is a diagram showing an arrangement of
power supply lines (VRST lines) and banks in an organic EL
display apparatus according to Embodiment 3.

[0026] FIG. 18 is a perspective view showing an example
of banks in an organic EL display apparatus according to
another modification.

[0027] FIG. 19 is a diagram showing an arrangement of
power supply lines (VREF lines, for example) and banks in
an organic EL display apparatus according to another modi-
fication.

[0028] FIG. 20 is a diagram showing an arrangement of
power supply lines (VREF lines, for example) and banks in
an organic EL display apparatus according to another modi-
fication.

[0029] FIG. 21 is an external view of a thin flat screen TV

including a display apparatus according to the present dis-
closure.
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DESCRIPTION OF EMBODIMENTS

Underlying Knowledge Forming Basis of the
Present Disclosure

[0030] Before the description of Embodiments, the under-
lying knowledge forming the basis of the present disclosure
is described.

[0031] In a display apparatus including organic EL ele-
ments, a light-emitting layer of the organic FL element may
be formed by a wet film-forming method, such as an ink-jet
method, in some cases, By the ink-jet method, the light-
emitting layer is formed by dropping a solution of an organic
semiconductor material to a pixel row (or a pixel column)
located between partitions (also referred to as banks) formed
in, for example, linear shapes. This means that the display
apparatus includes a plurality of light-emitting layers in the
forms of linear sections, each of which is partitioned by two
adjacent partitions.

[0032] Such partitioned linear sections as the light-emit-
ting layers may possibly vary in thickness, depending on the
amount and concentration of the organic semiconductor
material solution dropped at the time of layer formation and
on a drying condition. For example, when the light-emitting
layer is partitioned by the partitions by pixel row (or by pixel
column), the light-emitting layer formed in one same pixel
row (or one same pixel column) may be almost uniform in
thickness. In this case, however, the light-emitting layers
formed in different pixel rows (or different pixel columns)
may possibly have different thicknesses.

[0033] In other words, in the display apparatus having a
plurality of linear sections as the light-emitting layers
formed by the wet film-forming method, such as the ink-jet
method, the thickness may possibly be different for each of
the linear sections of the light-emitting laye.

[0034] The inventors have found that such thickness varia-
tions among the linear sections of the light-emitting layer
cause display unevenness. In view of this, the inventors were
able to conceive the idea of reducing the display unevenness
caused by the thickness variations among the linear sections
of the light-emitting layer.

[0035] To be more specific, a display apparatus according
to an aspect of the present disclosure has a plurality of pixels
and includes: a circuit substrate; a light-emitting layer which
is provided above the circuit substrate; a plurality of first
partitions which partition the light-emitting layer into a
plurality of linear sections; and a plurality of power supply
lines which are provided for the circuit substrate and supply
a predetermined voltage to the plurality of pixels, wherein
each of the plurality of pixels has: a light-emitting element
which includes a part of the light-emitting layer partitioned
into the plurality of linear sections and emits light corre-
sponding to a supplied current; a drive transistor which
supplies a current to the light-emitting element; and a
storage capacitor which stores a threshold voltage of the
drive transistor, and each of the plurality of power supply
lines is arranged to cross the plurality of first partitions as
viewed from above.

[0036] In this way, each of the power supply lines is
arranged to cross the first partitions as viewed from above
and thereby is electrically connected to the light-emitting
elements including the linear sections of the light-emitting
layer partitioned into the linear sections. Thus, each of the
power supply lines can be regarded as being connected to,
as load, the capacitive components of the light-emitting
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elements including the linear sections of the light-emitting
layer. On account of this, even when the thickness is
different for each of the linear sections of the light-emitting
layer, the load on the power supply line is less likely to
depend on the thickness of the specific linear section of the
light-emitting layer. This results in reduced variations in the
amount of voltage drop among the power supply lines. With
the variations in the amount of voltage drop among the
power supply lines, a streak pattern corresponding to the first
partitions may possibly be displayed. According to the
display apparatus according to the present disclosure, the
power supply lines are less likely to vary in the amount of
voltage drop. Hence, the streak pattern displayed can be
reduced. In other words, the display unevenness can be
reduced.

[0037] Moreover, the display apparatus may further
include a plurality of second partitions which are arranged to
cross the plurality of first partitions and partition, in con-
junction with the plurality of first partitions, the light-
emitting layer into a grid of squares, wherein the plurality of
first partitions may protrude upward higher than the plurality
of second partitions.

[0038] With this, the light-emitting layer can be formed in
the openings of the grid by a simple manufacturing process.
[0039] Furthermore, the light-emitting element may fur-
ther include an anode and a cathode which are provided
above the circuit substrate and disposed opposite to each
other via the part of the light-emitting layer partitioned into
the plurality of linear sections, and the light-emitting layer
may include a hole injection layer, a hole transport layer, an
organic light-emitting layer, an electron transport layer, and
an electron injection layer which are laminated from an
anode side in stated order.

[0040] Moreover, at least one of the hole injection layer,
the hole transport layer, the organic light-emitting layer, the
electron transport layer, and the electron injection layer may
be formed by a printing method.

[0041] Here, the layer formed by the printing method may
possibly have thickness variations among the linear sections
of the light-emitting layer. To be more specific, when at least
one of the hole injection layer, the hole transport layer, the
organic light-emitting layer, the electron transport layer, and
the electron injection layer included in the light-emitting
layer is formed by the printing method, the light-emitting
layer may possibly vary in thickness among the linear
sections. However, the arrangement in which each of the
power supply lines crosses the first partitions can reduce the
display unevenness even when at least one of these layers
included in the light-emitting layer is formed by the printing
method.

[0042] Furthermore, each of the plurality of power supply
lines may be arranged to be orthogonal to the plurality of
first partitions as viewed from above.

[0043] Moreover, the storage capacitor may have: a first
electrode which is electrically connected to a gate of the
drive transistor; and a second electrode which is electrically
connected to a source of the drive transistor and to an anode
of the light-emitting element. The display apparatus may
include: a plurality of reference voltage supply lines which
supply a reference voltage used as a reference to detect the
threshold voltage for each of the plurality of pixels; and a
plurality of positive supply lines each of which is electrically
connected to a drain of the drive transistor and supplies a
current that causes the light-emitting element of the pixel to
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emit light. Each of the plurality of pixels may further have
a first switch for switching a state between the reference
voltage supply line and the first electrode of the storage
capacitor, between conducting and non-conducting states. At
least one of the plurality of reference voltage supply lines
and the plurality of positive supply lines may be the plurality
of power supply lines.

[0044] Here, when the threshold voltage of the drive
transistor is detected, at least a part of a threshold detection
current for detecting the threshold voltage passes through
the reference voltage supply line and the positive supply
line. This causes voltage drops. The voltage drop caused to
the reference voltage supply line influences a current that
passes through the pixel during light emission. The voltage
drop caused to the positive supply line influences the result
of the detection of the threshold voltage of the drive tran-
sistor. Thus, the display unevenness is caused in either of the
following two cases, that is, the case of the variations in the
amount of voltage drop among the reference voltage supply
lines and the case of the variations in the amount of voltage
drop among the positive supply lines. However, the arrange-
ment in which at least one of the plurality of reference
voltage supply lines and the plurality of positive supply lines
cross the first partitions can reduce the variations in the
amount of voltage drop among the lines that cross the first
partitions. Hence, the display unevenness can be reduced.
[0045] Furthermore, the display apparatus may include a
plurality of signal lines, as the plurality of reference voltage
supply lines, which supply the reference voltage and a signal
voltage that determines luminance of the plurality of pixels.
[0046] In this way, the signal lines substitute for the
reference voltage supply lines for supplying the reference
voltage, and thereby the number of wiring lines can be
reduced. Thus, the layout design can be easily created.
[0047] Moreover, the storage capacitor may have: a first
electrode which is electrically connected to a gate of the
drive transistor; and a second electrode which is electrically
connected to a source of the drive transistor and to an anode
of the light-emitting element. The display apparatus may
include: a plurality of reset power supply lines which supply
a reset voltage for resetting a voltage held by the light-
emitting element for each of the plurality of pixels; and a
plurality of positive supply lines each of which is electrically
connected to a drain of the drive transistor and supplies a
current that causes the light-emitting element of the pixel to
emit light. Each of the plurality of pixels may further have
a second switch for switching a state between the reset
power supply line and the second electrode of the storage
capacitor and a state between the reset power supply line and
the anode of the light-emitting element, between conducting
and non-conducting states. At least one of the plurality of
reset power supply lines and the plurality of positive supply
lines may be the plurality of power supply lines.

[0048] Here, when the electrical charge accumulated in
the capacitance component of the organic EL element is
reset to detect the threshold voltage of the drive transistor,
the current corresponding to this electrical charge passes
through the reset power supply line and thereby causes the
voltage drop. The voltage drop caused to the reset power
supply line influences the result of the detection of the
threshold voltage of the drive transistor. Thus, the variations
in the amount of voltage drop among the reset power supply
lines cause the display unevenness. Moreover, as described
above, the variations in the amount of voltage drop among
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the positive supply lines also cause the display unevenness.
However, the arrangement in which at least one of the
plurality of reset power supply lines and the plurality of
positive supply lines cross the first partitions can reduce the
variations in the amount of voltage drop among the lines that
cross the first partitions. Hence, the display unevenness can
be reduced.

[0049] Hereinafter, an aspect of the display apparatus
according to the present disclosure is described specifically
with reference to the accompanying drawings. It should be
noted that excessively detailed description may be omitted.
For example, detailed descriptions on well-known matters
and redundant descriptions on the substantially same struc-
tural elements may be omitted. Such an omission is made to
avoid unnecessary prolixity in the following description and
to facilitate understanding by those skilled in the art.
[0050] Although the inventors provide the accompanying
drawings and the following description to make the present
disclosure fully understandable for those skilled in the art,
these accompanying drawing and the following description
are not intended to limit the subject matters described in the
claims. For example, the numerical values, shapes, materi-
als, structural elements, the arrangement and connection of
the structural elements, and so forth described in the fol-
lowing exemplary embodiments below are mere examples,
and are not intended to limit the present disclosure. Further-
more, among the structural elements in the following exem-
plary embodiments below, structural elements not recited in
any one of the independent claims indicating top concepts
according to the present disclosure are described as arbitrary
structural elements. Note also that each of the drawings are
only schematic diagrams and are not necessarily precise
representations.

Embodiment 1

[0051] An organic EL display apparatus according to
Embodiment 1 is a display apparatus according to an aspect
of the present disclosure. The organic EL display apparatus
includes a plurality of power supply lines each of which is
arranged, as viewed from above, to cross a plurality of banks
that partition a light-emitting layer into linear sections. The
following is a specific description on the organic EL display
apparatus according to Embodiment 1.

[Organic EL Display Apparatus]

[0052] First, a configuration of an organic EL display
apparatus 1 according to Embodiment 1 is described, with
reference to FIG. 1 to FIG. 3. FIG. 1 is a partially-cutaway
perspective view of the organic EL display apparatus
according to Embodiment 1. FIG. 2 is a perspective view
showing an example of banks of the organic EL display
apparatus according to Embodiment 1. In FIG. 1, both an
anode 51 and a light-emitting layer 52 are illustrated to cover
a whole surface. However, to be more specific, the anode 51
is divided for each of pixels 3 and the light-emitting layer 52
is partitioned into the linear sections. In the following
description, a Z-axis direction may refer to the vertical
direction and the positive side of the Z-axis direction may
refer to the upper side, for convenience of explanation.
However, note that the Z-axis direction is not always the
vertical direction in an actual usage.

[0053] As shown in FIG. 1, the organic EL display appa-
ratus 1 is formed by stacking the following from the bottom:
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a thin-film transistor array device (circuit substrate) 2 on
which a plurality of thin-film transistors are arranged; and an
organic EL element 5 (a light-emitting element) including
the anode 51 which is a lower electrode, the light-emitting
layer 52 which has an organic light-emitting layer compris-
ing an organic material, and a cathode J-which is an upper
transparent electrode. To be more specific, the organic EL
display apparatus 1 includes the following: the thin-film
transistor array device 2; the light-emitting layer 52 which is
provided above the thin-film transistor array device 2; a
plurality of banks 3a (first partitions) which partition the
light-emitting layer 52 into a plurality of linear sections; and
a plurality of power supply lines 8 which are provided for
the thin-film transistor array device 2 and supply a prede-
termined voltage to the pixels 3.

[0054] The thin-film transistor array device 2 includes the
pixels 3 arranged in a matrix. Each of the pixels 3 includes
a part of the light-emitting layer 52 partitioned into the linear
sections and is provided with a pixel circuit 4. Each of the
pixels 3 corresponds to one of the color pixels (which are a
red pixel 3R, a green pixel 3G, and a blue pixel 3B). Note
that the configurations of these pixels 3R, 3G, and 3B are
identical except that the colors displayed by these pixels are
different. Thus, the pixels 3R, 3G, and 3B may not be
particularly distinguished from each other and may be
simply described as the pixel 3 hereinafter.

[0055] The organic EL element 5 is formed for each of the
pixels 3. The light emission of the organic EL element 3 is
controlled by the pixel circuit 4 of the corresponding pixel
3. The organic EL element 5 is formed on an interlayer
insulating film (a flattening film) that is formed in a manner
to cover the thin-film transistors.

[0056] Moreover, the organic EL element 5 has a configu-
ration in which the light-emitting layer 52 is interposed
between the anode 51 and the cathode 53, which are a pair
of electrodes. The light-emitting layer 52 includes the
organic light-emitting layer comprising the organic material.
A specific configuration of the light-emitting layer 52 is
described later.

[0057] Drive of each of the pixels 3 is controlled by the
corresponding pixel circuit 4. The thin-film transistor array
device 2 is provided with the following: a plurality of SCAN
lines (scanning lines) 6 arranged along the direction of rows
of the pixels 3 (the direction parallel to the X axis); a
plurality of DATA lines (signal lines) 7 arranged along the
direction of columns of the pixels 3 (the direction parallel to
the Y axis) to cross the SCAN lines 6; and the plurality of
power supply lines 8 (in Embodiment 1, VREF lines
described later). The pixels 3 are partitioned by, for example,
the SCAN lines 6 and the DATA lines 7 that are orthogonal
to each other. A specific configuration of the pixel circuit 4
is described later.

[0058] The power supply lines 8 supply the predetermined
voltage to the pixels 3. Each of the power supply lines 8 is
arranged to cross the banks 3a, as viewed from above (i.e.,
as viewed from the positive side of the Z-axis direction). For
example, each of the power supply lines 8 is arranged to be
orthogonal to the banks 3a, as viewed from above.

[0059] Examples of the lines that supply the predeter-
mined voltage to the pixels 3 include VREF lines, VDD
lines, VSS lines, and VRST lines described later. In Embodi-
ment 1, the VREF lines are used as the power supply lines
8, for example. Thus, in Embodiment 1, the VDD lines, the
VSS lines, and the VRST lines, which are the power supply
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lines other than the VREF lines, may be arranged in parallel
to the banks 3a, as viewed from above (i.e., as viewed from
the positive side of the Z-axis direction).

[Pixel]

[0060] Here, a specific configuration of the pixel 3 is
described with reference to FIG. 3. FIG. 3 is a cross-
sectional view showing a configuration of the pixel 3
according to Embodiment 1.

[0061] As shown in FIG. 3 and FIG. 1, the pixel 3 is
formed by stacking the following from the bottom: the
thin-film transistor array device (circuit substrate) 2 on
which the thin-film transistors are arranged; and the organic
EL element 5 including the anode 51 which is the lower
electrode, the light-emitting layer 52 which has the organic
light-emitting layer comprising the organic material, and the
cathode which is the upper transparent electrode. Although
the illustration is omitted in FIG. 1, the pixel 3 is provided
with a transparent sealing film 9 laminated on the cathode 53
of the organic EL element 5.

[0062] The thin-film transistor array device 2 includes,
from the bottom, a substrate 201 and a drive circuit layer 202
formed on the substrate 201.

[0063] The substrate 201 is a structural component in the
form of a plate on which the pixels 3 are arranged in a matrix
with rows and columns. For example, the substrate 201 is a
glass substrate. Moreover, a flexible substrate comprising a
resin, for example, can be used as the substrate 201. In the
case of the top emission structure as shown in FIG. 3, the
substrate 201 does not need to be transparent and thus a
non-transparent substrate, such as a silicon substrate or a
metal plate, may also be used.

[0064] The drive circuit layer 202 includes the pixel
circuit 4 which controls the light emission of the organic EL
element 5. To be more specific, the pixel circuit 4 formed in
the drive circuit layer 202 includes a thin-film transistor
which is a drive transistor for supplying a current to the
organic EL element 5. The flattening film maintains the
flatness of the upper surface of this drive circuit layer 202.
[0065] As shownin FIG. 3, FIG. 1, and FIG. 2, the organic
EL element 5 is formed by stacking the following: the anode
51 which is the lower electrode; the light-emitting layer 52
which has the organic light-emitting layer comprising at
least the organic material; and the thode 53 which is the
upper transparent electrode.

[0066] The anode 51 is provided for each of the pixels 3,
and is laminated on the surface of the flattening film of the
drive circuit layer 202 to apply a positive voltage to the
light-emitting layer 52 with respect to the cathode 53. The
anode 51 and the corresponding pixel circuit 4 are electri-
cally connected to each other via a contact hole and a relay
electrode. As an anode material of the anode 51, it is
preferable to use, for example, Al or Ag each of which is a
metal with a high reflectivity, or an alloy of these metals. The
anode 51 has a thickness of 100 nm to 300 nm, for example.
[0067] The light-emitting layer 52 includes a hole injec-
tion layer 521, a hole transport layer 522, an organic
light-emitting layer 523, an electron transport layer 524, and
an electron injection layer 525. This light-emitting layer 52
is partitioned by the banks 3¢ formed in linear shapes, into
the linear sections (into the shapes of strips) as viewed from
above (i.e., as viewed from the positive side of the Z-axis
direction).
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[0068] Here, the expression “the light-emitting layer 52 is
partitioned” does not necessarily mean that the plurality of
layers (the hole injection layer 521, the hole transport layer
522, the organic light-emitting layer 523, the electron trans-
port layer 524, and the electron injection layer 525) included
in the light-emitting layer 52 are all divided as viewed from
above. This expression means that at least the organic
light-emitting layer 523 among the layers included in the
light-emitting layer 52 is divided as viewed from above.
More specifically, at least one of the hole injection layer 521,
the hole transport layer 522, the electron transport layer 524,
and the electron injection layer 525 does riot need to be
divided. Thus, the expression “the light-emitting layer 52 is
partitioned” means, for example, that it is only required that
the organic-light-emitting layer 523 that determines the
color of this light-emitting layer 52 is divided.

[0069] The light-emitting layer 52 formed in the linear
section as a result of being partitioned along the direction of
rows of the pixels 3 is arranged to correspond to the pixels
3 in the same row. Thus, each of the organic EL elements 5
of the pixels 3 includes a part of the light-emitting layer 52
partitioned into the linear sections.

[0070] For example, the pixels 3 of the same color are
arrange in the same row. Thus, each of the linear sections of
the light-emitting layer 52 is arranged to correspond to one
of the colors of the pixels 3. To be more specific, one of the
linearly-partitioned light-emitting layers 52 corresponds to
the red pixel 3 (the pixel 3R), and another one of the
linearly-partitioned light-emitting layers 52 corresponds to
the green pixel 3 (the pixel 3G). That is, for example, the
light-emitting layer 52 among the linearly-partitioned light-
emitting layers 52 is arranged to cover the anodes 51 of the
pixels 3 in the same row (with the same color).

[0071] In other words, the banks 3a partition the light-
emitting layer 52 into a plurality of linear sections. For
example, the banks 3a are formed between the adjacent
pixels 3 of different colors in a manner that the pixels 3 are
divided by color.

[0072] To be more specific, each of the banks 3a is formed
on the surface of the anode 51, and has a function as a
partition to form, in a predetermined region, the hole injec-
tion layer 521, the hole transport layer 522, the organic
light-emitting layer 523, or the electron transport layer 524
that is formed by, for example, the wet film-forming method,
such as the ink-jet method. A material used for the bank 3a
may be either inorganic or organic. However, since high
liquid repellency and a great film thickness (height) are
required at the same time, it is common that an organic
material is more preferably used. Examples of such a
material include resins, such as a polyimide resin and a
polyacrylic resin that contain fluorine. The bank 3a has a
thickness of 100 nm to 3000 nm, for example.

[0073] The hole injection layer 521 is formed on the
surface of the anode 51, and has a function of injecting holes
to the organic light-emitting layer 523 with stability or in a
manner that hole generation is assisted. With this, a drive
voltage of the light-emitting layer 52 is reduced. In addition,
the stable hole injection extends a life span of the element.
As a material for the hole injection layer 521, poiyethylene-
dioxythiophene (PEDOT) can be used, for example. More-
over, the thickness of the hole injection layer 521 is pref-
erably about 10 nm to 100 nm, for example.

[0074] The hole transport layer 522 is formed on the
surface of the hole injection layer 521, and has the following
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function: transporting the holes injected from the hole
injection layer 521 into the organic light-emitting layer 523
with efliciency; preventing deactivation of excitons caused
at an interface between the organic light-emitting layer 523
and the hole injection layer 521; and blocking electrons.
Examples of the material for the hole transport layer 522
include not only a low-molecular organic material, but also
a light-emitting polymeric organic material with which the
layer can be formed by the wet film-forming method, such
as the ink-jet method. Moreover, the hole transport layer 522
has a thickness of 5 nm to 50 nm, for example.

[0075] It should be noted that the hole transport layer 522
may be omitted in some cases, depending on the materials
used for the adjacent layers, which are the hole injection
layer 521 and the organic light-emitting layer 523.

[0076] The organic light-emitting layer 523 is formed on
the surface of the hole transport layer 522, and has a function
of causing the injected holes and electrons to recombine
with each other to generate an excited state for light emis-
sion. Examples of the material for the organic light-emitting
layer 523 include not only a low-molecular organic material,
but also a light-emitting polymeric organic material with
which the layer can be formed by the wet film-forming
method, such as the ink-jet method. The polymeric organic
material is characterized by, for example, achieving a simple
device configuration, a film of high reliability, and a low-
voltage driven device. As the polymeric organic material for
the organic light-emitting layer 523, polymers with a con-
jugated system, such as an aromatic ring or a condensed
ring, or polymers with a n-conjugated system can be used
because of the fluorescent properties. Examples of the
polymeric light-emitting material used for the organic light-
emitting layer 523 include polyphenylene vinylene (PPV) or
a derivative thereof (a PPV derivative), polyfluorene (PFO)
or a derivative thereof (a PFO derivative), and a polyspiro-
fluorene derivative. Alternatively, polythiophene or a deriva-
tive thereof can also be used. The thickness of the organic
light-emitting layer 523 is about 10 nm to 100 nm, for
example.

[0077] The electron transport layer 524 is formed on the
surface of the organic light-emitting layer 523, and has the
following function: transporting the electrons injected from
the electron injection layer 525 into the organic light-
emitting layer 523 with efliciency; preventing deactivation
of excitons caused at an interface between the organic
light-emitting layer 523 and the electron injection layer 525;
and blocking the electrons. Examples of the material for the
electron transport layer 524 include a nitro-substituted fluo-
renone derivative, a thiopyran dioxide derivative, a diphe-
noguinone derivative, a perylenetetracarboxylic derivative,
an anthraquinodimethane derivative, a fluorenylidenemeth-
ane derivative, an anthrone derivative, an oxadiazole deriva-
tive, a perinone derivative, and a quinoline complex deriva-
tive. The thickness of the electron transport layer 524 is
about 0.5 nm to 50 nm, for example.

[0078] The electron injection layer 525 is formed on the
organic light-emitting layer 523, and has the following
function: reducing barriers to injecting electrons into the
organic light-emitting layer 523 to reduce the drive voltage
of the light-emitting layer 52; and reducing deactivation of
excitons. With this, the stable electron injection extends a
life span of the element. In addition, the injection of the
electrons balanced in amount with the holes injected from
the hole injection layer 521 can enhance the generation
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efficiency of photons in the light-emitting layer. Examples of
the material for the electron injection layer 525 preferably
include, but not particularly limited to, barium, aluminum,
phthalocyanine, lithium fluoride, and a barium-aluminum
laminate. The thickness of the electron injection layer 525 is
about 2 nm to 50 nm, for example.

[0079] The cathode 53 is laminated on the surface of the
electron injection layer 525, and has a function of applying
a negative voltage to the light-emitting layer 52 with respect
to the anode 51 and injecting the electrons into the element
(the organic light-emitting layer 523 in particular). The
material for the cathode 53 is not limited to a particular
material. However, it is preferable to use a material or a
structure having high transmittance. Such a material can
achieve a top-emission organic EL element having high
luminous efficiency. Examples of the cathode 53 includes,
but not particularly limited to, a metal-oxide layer and a
thin-film metal layer. Examples of the metal-oxide layer
includes, but not particularly limited to, an indium tin oxide
(hereinafter, described as ITO) layer and an indium zinc
oxide (hereinafter, described as 1Z0) layer. The thin-film
metal layer is a single-layer film comprising one of, a
multilayer film comprising, or a co-evaporated film com-
prising, for example, Al, Ag, and Mg. The thickness of the
cathode 53 is about 5 nm to 200 nm, for example.

[0080] The transparent sealing film 9 is formed on the
surface of the cathode 53, and has a function of protecting
the elements from moisture. The transparent sealing film 310
is required to be transparent. The transparent sealing film 9
comprises, for example, SIN, SION, or an organic film. The
thickness of the transparent sealing film 9 is about 20 nm to
5000 nm, for example.

[0081] With the configuration of the pixel 3 as described
thus far, the organic EL display apparatus 1 has a function
as a top-emission active-matrix display apparatus. The pix-
els 3R, 3G, and 3B are divided by color by the banks 3a.
These banks 3a are formed in the shapes of for example,
linear ridges. Parts between the adjacent ridges correspond
to the colors of the pixels 3R, 3G, and 3B on a one-to-one
basis.

[Pixel Circuit]

[0082] Next, the pixel circuit 4 provided for the pixel 3 is
described in detail with reference to F1G. 4 to FIG. 6.

{Circuit Configuration}

[0083] First, the configuration of the pixel circuit 4 is
described with reference to FIG. 4. FIG. 4 is an electric
circuit diagram showing the configuration of the pixel circuit
4 included in the organic EL display apparatus 1 according
to Embodiment 1.

[0084] As described above, the pixel circuit 4 controls the
light emission of the organic EL element 5. The pixel circuit
4 includes a drive transistor Qd, a transistor Qscan, a
transistor Qref (a first switch), a transistor Qrst (a second
switch), a transistor Qenb, the organic EL element 5, and a
storage capacitor Cs. Moreover, the pixel circuit 4 is con-
nected to the SCAN line 6, the DATA line 7, a VREF line 83
(a reference voltage supply line), a VDD line 81 (a positive
supply line), a VSS line 82 (a negative supply line), a VRST
line 84 (a reset power supply line), an ENABLE line 91, a
first RESET line 92, and a second RESET line 93.
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[0085] The VREF line 83 is a power supply line for
supplying a reference voltage V.., which is a reference
voltage to detect a threshold voltage of the drive transistor
Qd. The VDD line 81 for supplying a voltage V , , is a power
supply line for supplying a current to cause the organic EL
element 5 to emit light. The VSS line 82 for supplying a
voltage V. is a power supply line which is connected to the
cathode 53 of the organic: EL element 5. The VRST line 84
for supplying a voltage Vg, is a power supply line for
resetting the voltages of the organic EL element 5 and the
storage capacitor Cs.

[0086] The organic EL element 5 emits light having the
amount of luminescence corresponding to the amount of
current supplied from the drive transistor Qd. In the organic
EL element 5, the cathode 53 is connected to the VSS line
82 and the anode 51 is connected to a source of the drive
transistor Qd. Here, the voltage V ¢, supplied to the VSS line
82 is, for example, 0 V.

[0087] The drive transistor Qd is a drive element for
voltage driving to control the amount of current to be
supplied to the organic EL element 5, and causes the organic
EL element 5 to emit light by passing the current (pixel
current) through the organic EL element 5. To be more
specific, the drive transistor Qd has a gate that is connected
to a first electrode of the storage capacitor Cs, and a source
that is connected to a second electrode of the storage
capacitor Cs and to the anode 51 of the organic EL element
5.

[0088] The drive transistor Qd causes the organic EL
element 5 to emit light by passing the pixel current corre-
sponding to a DATA signal voltage V, 1, (a signal voltage),
when the transistor Qref is in an off-state (a non-conducting
state) and thus the VREF line 83 and the first electrode of the
storage capacitor Cs are not conducting and also the tran-
sistor Qenb 1s in an on-state (a conducting state) and thus the
VDD line 81 and the drain are conducting. Here, the voltage
V pp supplied to the VDD line 81 is, for example, 20 V. With
this, the drive transistor Qd converts the DATA signal
voltage V., supplied to the gate into the pixel current
corresponding to this DATA signal voltage V,, .., and then
supplies the converted pixel current to the organic EL
element 5.

[0089] Moreover, the threshold voltage of the drive tran-
sistor Qd may vary, in some cases, for each of the pixel
circuits 4 depending on the initial distribution at the time of
TFT substrate formation and the temporal threshold voltage
shift. The influence of such variations can be reduced by a
threshold-voltage compensation operation. By the thresh-
old-voltage compensation operation, a voltage obtained by
adding a voltage corresponding to the DATA signal voltage
V pars to a voltage equivalent to the threshold voltage of the
corresponding drive transistor Qd is set to the storage
capacitor Cs of the corresponding pixel circuit 4.

[0090] The storage capacitor Cs stores the threshold volt-
age of the drive transistor Qd, and also stores the DATA
signal voltage V,,, by which the threshold voltage of the
drive transistor Qd is compensated based on the stored
threshold voltage and the DATA signal voltage V., sup-
plied from the DATA line 7. To be more specific, the second
electrode of the storage capacitor Cs is connected to a node
at which the source of the drive transistor Qd (on the VSS
line 82-side) and the anode 51 of the organic EL element 5
are connected. The first electrode of the storage capacitor Cs
is connected to the gate of the drive transistor Qd. Further-
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more, the first electrode of the storage capacitor Cs is
connected to the VREF line 83 via the transistor Qref.

[0091] The transistor Qscan switches a state between the
DATA line 7 for supplying the DATA signal voltage V.,
and the first electrode of the storage capacitor Cs, between
conducting and non-conducting states. To be more specific,
the transistor Qscan is a switching transistor in which one of
the drain and the source is connected to the DATA line 7, the
other one of the drain and the source is connected to the first
electrode of the storage capacitor Cs, and the gate is con-
nected to the SCAN line 6, in other words, the transistor
Qscan has a function of writing, to the storage capacitor Cs,
a voltage corresponding to the DATA signal voltage V7,
supplied via the DATA line 7.

[0092] The transistor Qref switches a state between the
VREEF line 83 for supplying the reference voltage V. and
the first electrode of the storage capacitor Cs, between
conducting and non-conducting states. To be more specific,
the transistor Qref is a switching transistor in which one of
the drain and the source is connected to the VREF line 83,
the other one of the drain and the source is connected to the
first electrode of the storage capacitor Cs, and the gate is
connected to the first RESET line 92. In other words, the
transistor Qref has a function of applying the reference
voltage (V) to the first electrode of the storage capacitor
Cs (the gate of the drive transistor Qd).

[0093] The transistor Qrst switches a state between the
second electrode of the storage capacitor Cs and the VRST
line 84, between conducting and non-conducting states. To
be more specific, the transistor Qrst is a switching transistor
in which one of the drain and the source is connected to the
VRST line 84, the other one of the drain and the source is
connected to the anode 51 of the organic EL element 5§ and
to the second electrode of the storage capacitor Cs, and the
gate is connected to the second RESET line 93. In other
words, the transistor Qrst has a function of applying the reset
voltage (V) to the anode of the organic EL element 5 and
the second electrode of the storage capacitor Cs (the source
of the drive transistor Qd).

[0094] The transistor Qenb switches a state between the
VDD line 81 and the drain of the drive transistor Qd,
between conducting and non-conducting states. To be more
specific, the transistor Qenb is a switching transistor in
which one of the drain and the source is connected to the
VDD line 81 (V ), the other one of the drain and the source
is connected to the drain of the drive transistor Qd, and the
gate is connected to the ENABLE line 91.

[0095] With the configuration of the pixel circuit 4
described thus far, the organic EL display apparatus 1 can
compensate the temporal threshold voltage shift of the drive
transistor Qd to achieve display.

[0096] It should be noted that each of the transistors
Qscan, Qref, Qrst, and Qenb included in the pixel circuit 4
is described as an n-type TFT in the following. However,
these transistors are not limited to the n-type TFTs. The
transistors Qscan, Qref, Qrst, and Qenb may be p-type TFTs.
Alternatively, the transistors Qscan, Qref, Qrst, and Qenb
may be a mixture of n-type and p-type TFTs.

[0097] Moreover, potential difference between the voltage
Vrer0f the VREF line 83 and the voltage V¢, of the VRST
line 84 is set to be larger than a maximum threshold voltage
of the drive transistor Qd.
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[0098] Furthermore, the voltage V .- of the VREF line 83
and the voltage V¢, of the VRST line 84 are set as follows
in a manner that a pixel current does not pass through the
organic EL element 5.

Voltage Vgzz<Voltage Vo+(Forward current thresh-
old voltage of Organic EL element 5)

{Voltage Vipzr of VREF line 83)<Voltage Vet(For-
ward current threshold voltage of Organic EL
element 5)+(Threshold voltage of Drive transis-

tor Od)

[0099] Here, the voltage V., is a voltage of the VSS line
82 as described above.

{Operation}

[0100] Next, an operation of the pixel circuit 4 configured
as above 1s described with reference to FIG. 5. FIG. 5 is a
timing chart showing the operation of the pixel circuit
included in the organic EL display apparatus according to
Embodiment 1. To be more specific, FIG. 5 shows, from top
to bottom, a SCAN signal applied to the SCAN line 6, an
ENABLE signal applied to the ENABLE line 91, a RESET1
signal applied to the first RESET line 92, and a RESET2
signal applied to the second RESET line 93.

{Times 110 to t11: EL Reset Period}

[0101] During an EL reset period from a time t10 to a time
t11 shown in FIG. 5, only the RESET?2 signal has a HIGH
voltage level and thereby only the transistor Qrst is electri-
cally conducting.

[0102] With this, an electrical charge carried by a capaci-
tance component CEL of the organic EL element 5 can be
reset. More specifically, a source voltage of the drive tran-
sistor Qd 1s quickly set as the voltage V¢, of the VRST line
84.

{Times t11 to t12: Cs Reset Period}

[0103] Next, at the time t11, the voltage level of the
RESET1 signal changes from LOW to HIGH. In other
words, the transistor Qref is brought into conduction (ON
state) at the time t11. As a result of this, the electrical charge
carried by the storage capacitor Cs can be reset before a time
t12. More specifically, the gate voltage of the drive transistor
Qd is set as the voltage Vg of the VREF line 83.

[0104] In the timing chart of FIG. 5, the RESET2 signal
rises at the time t10 and the RESET1 signal rises at the time
t11. However, even when the RESET?2 signal rises at the
time t11 and the RESET1 signal rises at the time t10, the
electrical charge carried by the storage capacitor Cs can be
reset before the time t12.

[0105] Here, a gate-source voltage of the drive transistor
Qd at the time t12 (at a finish time of the Cs reset period)
needs to be set to an initial voltage that ensures an initial
drain current required for the threshold voltage compensa-
tion operation performed after the Cs reset period. To be
more specific, the initial voltage needs to be higher than a
threshold voltage Vth of the drive transistor Qd and also
needs to be a voltage that does not cause the organic EL
element 5 to emit light. For this reason, the potential
difference between the voltage V., of the VREF line 83
and the voltage V¢, of the VRST line 84 is set to be larger
than the maximum threshold voltage of the drive transistor
Qd. The voltage Vg, and the voltage Vg, are set in a
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manner that no current passes through the organic EL
element 5, and thus satisty the following two expressions, in
which the forward current threshold voltage of the organic
EL element 5 is represented by V.

Vest<VsstVer

Varr<VssVer+Vith

[0106] After this, at the time t12, the voltage level of the
RESET? signal changes from HIGH to LOW and thereby
the transistor Qrst is brought out conduction (OFF state).

{Times t13 to t14: Vth Detection Period}

[0107] Next, at a time t13, the voltage level of the
ENABLE signal changes from LOW to HIGH. In other
words, the transistor Qenb is brought into conduction (ON
state) at the time t13. With this, a threshold detection current
1,0, Starts passing from the drain side to the source side in
the drive transistor Qd. More specifically, the storage capaci-
tor Cs and the capacitance component CEL of the organic
EL element 5, which are loads to the drive transistor Qd,
start to be charged at the time t13. As the capacitance
component CEL is charged in this way, the source voltage of
the drive transistor Qd gradually rises. To be more specific,
the source voltage of the drive transistor Qd rises until the
gate-source voltage of this drive transistor Qd reaches the
threshold voltage Vth of this drive transistor Qd.

[0108] After this, the voltage level of the ENABLE signal
changes from HIGH to LOW at a time t14. As a result, the
transistor Qenb is brought out conduction (OFF state), and
supply of the threshold detection current i,,,,,, is stopped.
[0109] After this, the voltage level of the RESET1 signal
changes from HIGH to LOW during a period between the
times t14 and t15. As a result, the transistor Qref is brought
out conduction (OFF state), and the gate-source voltage of
the drive transistor Qd at the time t15 is stored into the
storage capacitor Cs.

[0110] In the timing chart of FIG. 5, the ENABLE signal
falls at the time t14 and the RESET1 signal falls during the
time between the times t14 and t15. However, even when the
RESET1 signal falls at the time t14 and the ENABLE signal
falls during the time between the times t14 and t15, the
gate-source voltage of the drive transistor Qd at the time t15
can be stored into the storage capacitor Cs.

{Times t15 to t16: Writing Period}

[0111] Next, at the time 15, the voltage level of the SCAN
signal changes from LOW to HIGH and thereby the tran-
sistor Qscan is brought into conduction (ON state). As a
result, the first electrode of the storage capacitor is applied
with the DATA signal voltage V., (the signal voltage)
supplied from the DATA line 7.

[0112] After this, at the time t16, the voltage level of the
SCAN signal changes from HIGH to LOW and thereby the
transistor Qscan is brought out conduction (OFF state). As
a result, in addition to the threshold voltage Vth of the drive
transistor Qd stored during the Vth detection period, the
storage capacitor Cs also stores a potential difference
obtained by multiplying the potential difference between the
DATA signal voltage V., and the voltage V. of the
VREF line 83 by (a capacity C; of the capacitance com-
ponent CEL of the organic electrode element 5)/(the capac-
ity C,; of the organic electrode element 5+a capacity C, of
the storage capacitor Cs).
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{From Time T17 and Afterward: Light Bmission Period}

[0113] Next, at a time t17, the voltage level of the
ENABLE signal changes from LOW to HIGH and thereby
the transistor Qenb is brought into conduction (ON state). As
a result, the drive transistor Qd supplies the organic EL
element 5 with the pixel current corresponding to the voltage
stored by the storage capacitor Cs. This enables the organic
EL element 5 to emit light.

[0114] As a result of the operation above, the pixel circuit
4 can emit light having luminance corresponding to the
DATA signal voltage V74

[Influence of Capacitance Component of Organic EL
Element on Voltage of Power Supply Line (VREF Line)]

[0115] The inventors have found that when the power
supply lines 8 are arranged in almost parallel to the banks 3a
shown in FIG. 2, a streak pattern corresponding to the banks
3a may possibly be displayed. In view of this, the organic
EL display apparatus 1 according to Embodiment 1 includes
the power supply lines 8 which are arranged to cross the
banks 3a as viewed from above (i.e., as viewed from the
positive side of the Z-axis direction).

[0116] First, a finding of the inventors as a factor respon-
sible for the aforementioned streak pattern displayed corre-
sponding to the banks 3a is described, with reference to FIG.
6 and FIG. 7. FIG. 6 is an explanatory view showing a state
of the pixel circuit 4 in the Vth detection period shown in
FIG. 5. FIG. 7 is an explanatory view showing a state of the
pixel circuit 4 in the light emission period shown in FIG. 5.

{State of Pixel Circuit in Vth Detection Period}

[0117] As shown in FIG. 6, the charging of the storage
capacitor Cs with the threshold detection current i,,,,,, allows
a current i, to flow from the source of the drive transistor
Qd to the VREF line 83 via this storage capacitor Cs.
Similarly, the charging of the capacitance component CEL
with the threshold detection current i,,,,,, allows a current igg
to flow from the source of the drive transistor Qd to the VSS
line 82 via this capacitance component CEL.

[0118] Here, a voltage drop (a voltage depression) due to
a wiring resistance of the VREF line 83 occurs to this VREF
line 83 to which the current i, flows. Such a voltage drop
may possibly have an influence on a display screen of the
organic EL display apparatus 1. For example, the layout of
the VREF lines 83 in the organic EL display apparatus 1 is
constrained by the other lines, electrodes, and so forth
formed in the same layer as the VREF lines 83. On this
account, the VREF line 83 has a wiring resistance with a size
that should not be ignored. More specifically, when the
current passes through the VREF line 83, the voltage drop
(the voltage depression) of this VREF line 83 due to the
wiring resistance becomes too large to be ignored and
thereby may possibly have an influence on the display
screen of the organic EL display apparatus 1.

[0119] To be more specific, in the Vth detection period, the
voltage V- supplied to the pixel circuit 4 from the VREF
line 83 is higher than a voltage V1, supplied to the VREF
line 83 from a power source unit provided outside the pixel
circuits 4. That is, the voltage drop occurs to the VREF line
83 in the Vth detection period. The magnitude of this voltage
drop depends on the capacitance component CEL of the
organic EL element 5. This is because the amount of voltage
drop occurring to the VREF line 83 depends on the charging
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current of the capacitance component CEL having the capac-
ity CF; in the organic EL element 5. In other words, the
voltage V. has a dependence on the capacitance compo-
nent CEL of the organic EL element 5.

[0120] The following describes the reason why the voltage
Ve has a dependence on the capacitance component CEL
of the organic EL element 5, using Expressions 1 to 3.

[0121] First, assuming that the gate-source voltage of the
drive transistor Qd is V,; and that threshold voltage of the
drive transistor Qd is V,,, the threshold detection current
prog supphed by the drive transistor Qd in the Vth detection
period is represented as follows.

[Math. 1]
iprog = g(vgx AT Expression 1
[0122] Here, P is a coefficient that is determined depend-

ing on a mobility p of the drive transistor Qd, a gate-
insulating-film capacity Cox, a channel length L, and a
channel width W, and is represented by Expression 2 below.

p=(W/L)p-Cox Expression 2
[0123] Moreover, assuming that the source voltage of the
drive transistor Qd is Vg, the threshold detection current i,
is represented by Expression 3 below.

[Math. 2]

Iprog = bref + s Expression 3

dv,

=l + CELLT;

[0124] More specifically, the current i, , flowing from the
source of the drive transistor Qd to the VREF line 83 in the
Vth detection period is represented by Expression 4

[Math. 3]
AV Expression 4

iref = g(vgx ~ V) - Cpp, I P
[0125] More specifically, it can be understood that the

current i,, . flowing to the VREF line 83 is influenced by the
capacity Cp; of the capacitance component CEL of the
organic electrode element 5.

[0126] Thus, assuming that a wiring resistance corre-
sponding to the pixel 3 among the wiring resistances of the
VREF line 83 is R and that the voltage supplied from outside
the pixel circuits 4 to each of the VREF lines 83 is Vg,
the voltage V.. supplied from the VREF line 83 to the
corresponding pixel circuit 4 is represented by Expression 5
below.
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[Math. 4]

Vrer = Vrgro + Z Riyyr Expression 5

B L av
= Vrero + Z R(;(Vgx = V) —=CgL d;

[0127] More specifically, the voltage V- supplied from
the VREF line 83 to the corresponding pixel circuit 4 is
influenced by the capacity C,; of the capacitance compo-
nent CEL of the organic electrode element 5. Thus, as
represented by Expression 4, the current i,,. flowing to the
VREF line 83 is influenced by the capacity C.; of the
capacitance component CEL, and thereby the voltage Vg zr
is influenced by the capacity Cy, of the capacitance com-
ponent CEL as well. In other words, the voltage Vg has a
dependence on the capacitance component CEL of the
organic EL element 5.

[0128] Here, as described above, the source voltage Vg of
the drive transistor Qd rises as the capacitance component
CEL of the organic EL element 5 is charged in the Vth
detection period. Furthermore, the voltage V.., which is
the gate voltage V5 of the drive transistor Qd in this period,
has a dependence on the capacitance component CEL of the
organic BL element 5 as represented by Expression 5 above.

[0129] Thus, assuming that an elapsed time from the start
time t13 of the Vth detection period is t and that the
gate-source voltage of the drive transistor Qd at the start
time 113 is V,, (0), the gate-source voltage V, (1) of the
drive transistor Qd at a time after the elapsed time t from the
start time t13 of the Vth detection period is represented by
Expression 6 below.

[Math. 5]

1 v Expression 6
+ Vi
Bt 1 k

¥
ACs +Crp)  Vg(0) = Vi

Vg&([) =

[0130] Thus, the current i, ,(t) flowing from the source of
the drive transistor Qd to the VREF line 83 at the time after
the elapsed time t from the start time t13 of the Vth detection
period is represented by Expression 7 below.

[Math. 6]

AV Expression 7
dt
_ 2C5(Cs + CgL)
- ( 2Cs +Cr) |
+——
ﬁ(vgx(o) - Vrh),

g (D) = =G,

[0131] That is, the current i, represented by Expression 4
above is specifically expressed by Expression 7. To be more
specific, the current i, (t) depends on the capacitance
component CEL of the organic EL element 5. On this
account, it can be understood, with reference to Expression
5 above, that the voltage V., supplied from the VREF line
83 to the pixel circuit 4 in the Vth detection period depends
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on the capacitance component CEL of the organic EL
element 5 and the elapsed time from the start time of the Vth
detection period.

[0132] As described above, the voltage level of the
RESET1 signal changes from HIGH to LOW at the finish
time of the Vth detection period (at the time t15) and thereby
the transistor Qref is brought out conduction (OFF state).
Thus, at the finish time, the voltage of the first electrode of
the storage capacitor Cs reaches the voltage V.. of the
VREF line 83 at the finish time of the Vth detection period.
To be more specific, the voltage of the first electrode of the
storage capacitor Cs at the finish time depends on the
capacitance component CEL of the organic EL element 5
and the elapsed time from the start time of the Vth detection
period.

[0133] Here, when a sufficient time has elapsed from the
start time of the Vth detection period, the current i, flowing
to the VREF line 83 is substantially zero and thus theoreti-
cally Vgzp~Virero. In reality, however, it is difficult to
ensure the length of the Vth period in which this current i,
becomes substantially zero. On this account, Vzzz#Vrrro
because of the wiring resistance of the VREF line 83.

{State of Pixel Circuit on Completion of Writing Period}

[0134] As described above, the voltage V- of the VREF
line 83 at the finish time of the Vth detection period, that is,
the voltage of the first electrode of the storage capacitor Cs,
depends on the capacitance component CEL of the organic
EL element 5 and the elapsed time from the start time of the
Vth detection period. Thus, a pixel current ipix in the light
emission period also depends on the capacitance component
CEL and the elapsed time. To be more specific, the lumi-
nance of the organic EL element 5 depends on the capaci-
tance component CEL and the elapsed time. The following
specifically describes the reason why the luminance of the
organic EL element 5 has such a dependence.

[0135] First, the state of the pixel circuit 4 on completion
of the aforementioned writing period is described with
reference to FIG. 7.

[0136] As shown in FIG. 7, in addition to the threshold
voltage Vth of the drive transistor Qd stored during the Vth
detection period, the storage capacitor Cs also stores a
potential difference obtained by multiplying the potential
difference between the DATA signal voltage V , ,,, and the
voltage REF of the VREF line 83 by (the capacity Cr; of the
capacitance component CEL of the organic electrode ele-
ment 5)/(the capacity Cx; of the organic electrode element
S+the capacity C, of the storage capacitor Cs).

[0137] To be more specific, the gate voltage V, and the
source voltage V_ of the drive transistor Qd are represented
by Expressions 8 and 9 below.

Ve=Voaru Expression 8

[Math. 7]

Expression 9

Cs
Vo= Vepr = Vi + ————(V, -V
5= Vegr = Vot 5 CEL( pata — VREF)

[0138] Thus, the gate-source voltage V,  of the drive
transistor Qd is represented by Expression 10 below, and
thereby the pixel current i, in the light emission period is
represented by Expression 11.
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[Math. 8]
Crr Expression 10
& = m(vm\m = Vrer) + Vi
[Math. 9]
, B{ Cg 2 Expression 11
ipix = 5( G+ 0o (Vpara — VREF)]

[0139] That is, the pixel current i, passing through the
organic EL element 5 in the light emission period depends
on the voltage V. of the VREF line 83. To be more
specific, the pixel current i,;, depends on the voltage Ve
of the first electrode that is the voltage before the DATA
signal voltage V1, 1s applied to this first electrode of the
storage capacitor Cs.

[0140] Here, as described above, the voltage V- of the
VREF line 83 in the Vth detection period depends on the
capacity C.; of the capacitance component CEL of the
organic EL element 5 and the elapsed time from the start
time of the Vth detection period. More specifically, the
voltage V. after the Vth detection period depends on the
capacity Cz; of the capacitance component CEL of the
organic EL element 5 and the length of the Vth detection
period. Thus, as with the voltage V. after the Vth detec-
tion period, the pixel current i, passing through the organic
EL element 5 during the light emission period also depends
on the capacity C.; of the capacitance component CEL of
the organic EL element 5 and the length of the Vth detection
period. To be more specific, the luminance of the pixel 3
depends on the capacitance component CEL of the organic
EL element 5 and the length of the Vth detection period. As
can be understood from Expression 11, particularly in a low
gradation region in which a value of Vi, ,,~Vpzp- i1s small,
it is apparent that the display unevenness is noticeable which
is caused by the variations in the voltage V.. of the VREF
line 83 resulting from inconsistencies in the capacity Cy; of
the capacitance component CEL of the organic EL element
5.

[0141] The inventors have found that, although the lumi-
nance depends on the capacitance component CEL of the
organic EL element 5 and the length of the Vth detection
period, the capacitance component CEL of the organic EL
element 5 is a main factor causing the aforementioned streak
pattern corresponding to the banks 3a to be displayed. The
following describes the reason why the capacitance compo-
nent CEL of the organic FL element 5 causes the streak
pattern to be displayed.

[0142] As shown in FIG. 2, the capacitance component
CEL of the organic EL element 5 is determined depending
on the thickness of the light-emitting layer 52 interposed
between the anode 51 and the cathode 53 of the organic EL
element 5. To be more specific, when the thickness is thicker,
the capacity C.; of the capacitance component CEL is
greater.

[0143] Here, the light-emitting layer 52 includes the layers
(the hole injection layer 521, the hole transport layer 522, the
organic light-emitting layer 523, the electron transport layer
524, and the electron injection layer 525), at least one of
which (the hole transport layer 522, the organic light-
emitting layer 523, and the electron transport layer 524 in
Embodiment 1) is formed by the wet film-forming method,
such as the ink-jet method. To be more specific, at least one
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of the layers of the light-emitting layer 52 is formed by
dropping a solution of an organic semiconductor material to
a pixel row or a pixel column located between the adjacent
banks 3a.

[0144] Although, in the following, the banks 3a are
described as being arranged along the direction of rows of
the pixels 3 (in the direction parallel to the X axis) and the
light-emitting layer 52 is described as being partitioned by
the banks 3a for each pixel row, the present disclosure is not
limited to this. For example, the banks 3a may be arranged
along the direction of columns of the pixels 3 (in the
direction parallel to the Y axis) and the light-emitting layer
52 may be partitioned by the banks 3a by pixel column.
[0145] Thus, the organic EL display apparatus 1 includes
a plurality of light-emitting layers in the forms of linear
sections, each of which is partitioned by the two adjacent
banks 3a. Such partitioned linear sections of the light-
emitting layer 52 may possibly vary in thickness, depending
on the amount and concentration of the organic semicon-
ductor material solution dropped at the time of layer forma-
tion and on a drying condition. For example, when the
light-emitting layer 52 is partitioned by the banks 3a by
pixel row, the light-emitting layer formed in one same pixel
row may be almost uniform in thickness. In this case,
however, the light-emitting layers 52 formed in different
pixel rows may possibly have different thicknesses. To be
more specific, the pixels 3 even in the same pixel column
may possibly vary in the thickness of the light-emitting layer
52.

[0146] On this account, in the pixels 3 corresponding to
one of the linear sections of the partitioned light-emitting
layer 52 (for example, the pixels 3 in the same pixel row),
the organic EL elements 5 of these pixels 3 have the
capacitance components which are substantially the same. In
other words, the pixel circuits 4 of the pixels 3 correspond-
ing to the same linear section of the light-emitting layer 52
include the capacitance components CEL having the capaci-
ties Cx; which are substantially the same.

[0147] On the other hand, in the pixels 3 corresponding to
different ones of the linear sections of the partitioned light-
emitting layer 52 (for example, the pixels 3 in the same pixel
column), the organic EL elements 5 of these pixels 3 may
possibly have different capacitance components. In other
words, the pixel circuits 4 of the pixels 3 corresponding to
the different linear sections of the light-emitting layer 52
may possibly include the capacitance components CEL
having the capacities Cz; which are different from each
other. To be more specific, the pixels 3 even in the same
pixel column may possibly vary in the capacity Cg;.
[0148] For this reason, when the VREF lines 83 are
arranged in parallel to the banks 3a, a problem may be
caused as follows.

[0149] To be more specific, in the case of such a parallel
arrangement, the pixels 3 connected to the VREF line 83 (for
example, the pixels 3 in the same row) include the capaci-
tance components CEL having the capacities Cg;, which are
substantially the same. In other words, the luminance of the
pixels 3 connected to the VREF line 83 depends on the
capacitance components CEL having the capacities Cg;
which are substantially the same.

[0150] Here, as described above, the pixels 3 correspond-
ing to the different linear sections of the partitioned light-
emitting layer 52 (for example, the pixels 3 in the same pixel
column) may possibly include the capacitance components
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CEL having the capacities Cy, which are different from each
other. Thus, the capacitance components CEL of the pixels
3 connected to one of the VREF lines 83 (for example, the
pixels 3 in one of the rows) may possibly different from the
capacitance components CEL of the pixels 3 connected to
another one of the VREF lines 83 (for example, the pixels of
another one of the rows). More specifically, the luminances
of the pixels connected to one of the VREF lines 83 depend
on the capacitance components CEL with one capacity C,,
whereas the luminances of the pixels 3 connected to another
one of the VREF lines 83 depend on the capacitance
components CEL with another capacity C, different from
the aforementioned one capacity C;.

[0151] To be more specific, the voltage drop for each of
the VREF lines in the Vth detection period depends on the
capacitance components CEL of the pixels 3 connected to
the VREF line 83 (for example, the pixels in the same row).
Thus, the amount of voltage drop of one of the VREF lines
83 depends on the thickness of one of the linear sections of
the light-emitting layer 52 partitioned by the banks 3a
whereas the amount of voltage drop of another one of the
VREF lines 83 depends on the thickness of another one of
the linear sections of the partitioned light-emitting layer 52.
Hence, the VREF lines 83 vary in the amount of voltage
drop, depending on the thickness variations among the linear
sections of the light-emitting layer 52.

[0152] As a result, the pixel currents i,,, passing through
the display apparatus in the light emission period also vary,
depending on the thickness variations among the linear
sections of the light-emitting layer 52. More specifically,
particularly when the display apparatus displays a low
gradation, the streak pattern corresponding to the banks 3a
1s displayed.

[0153] As described above, in a threshold voltage detec-
tion period of the drive transistor Qd (that is, the Vth
detection petiod), the current i,, which is a part of the
threshold detection current i,,,,,, for detecting the threshold
voltage, passes through the VREF line 83. Thus, when the
VREF lines 83 are arranged in parallel to the banks 3a, each
of the VREF lines 83 is electrically connected to the organic
EL elements 5 having the same linear section among the
linear sections of the partitioned light-emitting layer 52.
Thus, the VREF line 83 is assumed to be comnected to, as
loads, the capacitance components CEL of the organic EL
elements 5 having the same linear section of the light-
emitting layer 52. Hence, when each of the linear sections of
the light-emitting layer 52 has a different thickness, the load
of the VREF line 83 depends on the thickness of the
corresponding linear section of the light-emitting layer 52.
As a result of this, the amount of voltage drop of the VREF
line 83 depends on the thickness of the corresponding linear
section of the light-emitting layer 52, and thereby the VREF
lines 83 vary in the amount of voltage drop.

[0154] Here, as described above, the pixel current i,
passing through the pixel 3 in the light emission period
depends on the voltage of the VREF line 83. On this
account, the variations in the amount of voltage drop among
the VREF lines 83 influence the pixel currents i, passing
through the pixels 3 in the light emission period. As a result,
particularly for low gradation display, the pixel current i,
passing through the pixel 3 in the light emission period
depends on the thickness of the linear section of the light-
emitting layer 52 to which the VREF line 83 corresponds.

More specifically, a streak pattern corresponding to the
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linear sections of the light-emitting layer 52 is displayed in
the light emission period. In other words, the streak pattern
corresponding to the banks 3a is displayed.

[0155] In this way, as a result of keen examination, the
inventors have found that the streak pattern corresponding to
the banks 3a is displayed when the VREF lines 83 are
arranged in parallel to the banks 3a.

[0156] In view of this, the organic: EL display apparatus
1 according to Embodiment 1 include the power supply lines
8 which are arranged to cross the banks 3a to reduce such a
streak pattern displayed corresponding to the banks 3a. To
be more specific, each of the VREF lines 83, which are the
power supply lines 8, is arranged to cross the banks 3a.
[0157] The following describes the arrangement of the
VREF lines 83, which are the power supply lines 8 in
Embodiment 1, with reference to FIG. 8. FIG. 8 is a diagram
showing the arrangement of the power supply lines 8 (the
VREF lines 83) and the banks 3a in the organic EL display
apparatus 1 according to Embodiment 1. To be more spe-
cific, (a) of FIG. 8 is an enlarged top view of a part of the
organic EL display apparatus 1, and (b) of FIG. 8 is a
schematic diagram showing an arrangement of the pixels 3
corresponding to (a) of FIG. 8. It should be noted that
although (a) of FIG. 8 is a top view of the organic EL display
apparatus 1 viewed from the positive side of the Z-axis
direction, the structural elements other than the banks 3a, the
anodes 51, the power supply lines 8 (the VREF lines 83),
and the first RESET lines 92 are not illustrated. Note also
that the power supply lines 8 (the VREF lines 83) and the
first RESET lines 92 are shown in a manner that the banks
3a and the anodes 51 are drawn in perspective.

[0158] As shown in (b) of FIG. 8, pixels 30, each of which
includes pixels 3R, 3G, and 3B corresponding to the three
colors (red, green, and blue) are shown in a matrix with two
rows and two columns. The pixels 3R, 3G, and 3B are
divided by color by the banks 3a.

[0159] The first RESET lines 92 are arranged, for
example, in parallel to the banks 3a, and supply the RESET1
signals to the pixels 3 (the pixels 3R, 3G, and 3B). It should
be noted that the first RESET lines 92 may be bound outside
the pixels 3, for each of the pixels 30 including the pixels 3R,
3G, and 3B.

[0160] Here, each of the VREF lines 83 is arranged to
cross the banks 3a. To be more specific, the amount of
voltage drop of one of the VREF lines 83 depends on the
thicknesses of the linear sections of the light-emitting layer
52 partitioned by the banks 3a. Similarly, the amount of
voltage drop of another one of the VREF lines 83 depends
on the thicknesses of the linear sections of the light-emitting
layer 52 partitioned by the banks 3a. Therefore, the VREF
lines 83 are less likely to vary in the amount of voltage drop.
[0161] As a result, the pixel currents i, flowing in the
light emission period are also less likely to have variations
that depend on the thicknesses of the linear sections of the
partitioned light-emitting layer 52. Hence, according to the
organic EL display apparatus 1 in Embodiment 1, the streak
pattern corresponding to the banks 3a can be reduced.
[0162] To be more specific, when each of the VREF lines
83 is arranged to cross the banks 34, the VREF line 83 is
electrically connected to the organic EL elements 5 having
the different linear sections among the linear sections of the
light-emitting layer 52. Thus, the VREF line 83 is assumed
to be connected to, as loads, the capacitance components
CEL of the organic EL elements 5 having the different linear
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sections of the light-emitting layer 52. Hence, even when the
thickness is different for each of the linear sections of the
light-emitting layer 52, the load of the VREF line 83 is less
likely to depend on the thickness of the specific linear
section of the light-emitting layer 52. As a result of this, the
VREF lines 83 are less likely to vary in the amount of
voltage drop. This can reduce the streak pattern correspond-
ing to the banks 3a that is displayed in the light emission
period. That is, the organic EL display apparatus 1 according
to Embodiment 1 can reduce the display unevenness.
[0163] To be more specific, when the DATA signal volt-
ages V-, with the same luminance are applied to the red
pixels 3R located in the pixels 30 in a k-th row (where k is
a natural number) and to the red pixels 3R located in the
pixels 30 in a (k+1)-th row, the organic EL display apparatus
1 according to Embodiment enables the red pixels 3R in the
k-th row and the red pixels 3R in the (k+1)-th row to emit
light of almost the same luminance.

[0164] On the other hand, when each of the VREF lines 83
is arranged in parallel to the banks 3a and even the DATA
signal voltages V., with the same luminance are applied
to the red pixels 3R located in the pixels 30 in the k-th row
and to the red pixels 3R located in the pixels 30 in the
(k+1)-th row. the red pixels 3R in the k-th row and the red
pixels 3R in the (k+1)-th row may possibly emit light of
different luminances. In other words, the streak pattern
corresponding to the banks 3 may possibly be displayed.

CONCLUSION

[0165] As described above, the organic EL display appa-
ratus 1 according to Embodiment has the pixels 3 and
includes the following: the thin-film transistor array device
2; the light-emitting layer 52 which is provided above the
thin-film transistor array device 2; the banks 3e which
partition the light-emitting layer 52 into the linear sections;
and the power supply lines 8 which are provided for the
thin-film transistor array device 2 and supply the predeter-
mined voltage to the pixels 3. Each of the pixels 3 has the
organic electrode element 5 which includes a part of the
light-emitting layer 52 partitioned into the linear sections
and emits light corresponding to the supplied current, the
drive transistor Qd which controls the current to be supplied
to the organic EL element 5, and the storage capacitor Cs
which stores the gate-source voltage of the drive transistor
Qd. Each of the VREF lines 83 (one aspect of the power
supply lines 8 according to the present disclosure) is
arranged to cross the banks 3a as viewed from above.

[0166] Such an arrangement, in which each of the VREF
lines 83 crosses the banks 3a as viewed from above, allows
the VREF line 83 to be electrically connected to the organic
EL elements 5 having the different linear sections among the
linear sections of the light-emitting layer 52 when the
transistor Qref arranged between the VREF line 83 and the
gate of the drive transistor Qd is conducting. Thus, the
VREF line 83 is assumed to be connected to, as loads, the
capacitance components CEL of the organic EL elements 5
having the different linear sections of the light-emitting layer
52. Hence, even when the thickness is different for each of
the linear sections of the light-emitting layer 52, the load of
the VREF line 83 is less likely to depend on the thickness of
the specific linear section of the light-emitting layer 52. As
a result of this, the VREF lines 83 are less likely to vary in
the amount of voltage drop. Here, when the VREF lines 83
vary in the amount of voltage drop. the streak pattern
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corresponding to the banks 3@ may possibly be displayed.
However, according to the organic EL display apparatus 1
according to Embodiment 1, the VREF lines 83 are less
likely to vary in the amount of voltage drop and this can
reduce the streak pattern to be displayed. That is, the display
unevenness can be reduced.

[0167] To be more specific, the first electrode of the
storage capacitor Cs is electrically connected to the gate of
the drive transistor Qd, and the second electrode of the
storage capacitor Cs is electrically connected to the source
of the drive transistor Qd and to the anode 51 of the organic
electrode element 5. The organic EL display apparatus 1
includes the following: the VREF lines 83 each for supply-
ing the reference voltage V.., which is the reference
voltage to detect the threshold voltage for each of the pixels
3; the VDD lines 81 each electrically connected to the drain
of the drive transistor Qd and each for supplying a current
to cause the organic EL element 5 of the pixel 3 to emit light.
Each of the pixels 3 further includes the transistor Qref that
switches the state between the VREF line 83 and the first
electrode of the storage capacitor Cs, between conducting
and non-conducting states.

[0168] Here, when the threshold voltage of the drive
transistor Qd is detected, the current i,,, which is a part of
the threshold detection current for detecting the threshold
voltage, passes through the VREF line 83. This causes a
voltage drop. The voltage drop caused to the VREF line 83
influences the pixel current i,;, which passes through the
pixel 3 during light emission. Thus, the variations in the
amount of voltage drop among the VREF lines 83 cause the
display unevenness. However, the arrangement in which
each of the VREF lines 83 crosses the banks 3a can reduce
the variations in the amount of voltage drop among the
VREF lines 83. Hence, the display unevenness can be
reduced.

[0169] For example, the organic EL element 5 further
includes the anode 51 and the cathode 53 which are provided
above the thin-film transistor array device 2 and disposed
opposite to each other via a part of the light-emitting layer
52 partitioned into the linear sections. The light-emitting
layer 52 includes the hole injection layer 521, the hole
transport layer 522, the organic light-emitting layer 523, the
electron transport layer 524, and the electron injection layer
525 which are laminated from the anode side in the stated
order.

[0170] Furthermore, at least one of the hole injection layer
521, the hole transport layer 522, the organic light-emitting
layer 523, the electron transport layer 524, and the electron
injection layer 525 may be formed by the printing method,
or more specifically, by the wet film-forming method, such
as the ink-jet method.

[0171] Here, the thickness of the layer formed by the
printing method may possibly be different for each of the
linear sections of the light-emitting layer 52. To be more
specific, when at least one of the hole injection layer 521, the
hole transport layer 522, the organic light-emitting layer
523, the electron transport layer 524, and the electron
injection layer 525 included in the light-emitting layer 52 is
formed by the printing method, the thickness of the light-
emitting layer 52 may possibly be different for each of the
linear sections of the light-emitting layer 52. However, the
arrangement in which each of the VREF lines 83 crosses the
banks 3a can reduce the display unevenness even when at
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least one of these layers included in the light-emitting layer
52 is formed by the printing method.

[0172] Moreover, for example, each of the VREF lines 83
may be arranged to be orthogonal to the banks 3a.

[0173] In the above description, the first RESET line 92 is
arranged corresponding to each of the colors, or more
specifically, for each of the pixels 3R, 3G, and 3B. However,
the first RESET line 92 may be arranged as shown in FIG.
9. FIG. 9 is a diagram showing another example of the
arrangement of the first RESET lines 92 in the organic EL
display apparatus 1 according to Embodiment 1. To be more
specific, FIG. 9 is an enlarged top view of a part of another
example of the organic: EL display apparatus 1.

[0174] As shown in FIG. 9, the first RESET line 92 may
be arranged corresponding to the pixel 30 including the
pixels of the colors shown in (b) of FIG. 8 (that is, the pixels
3R, 3G, and 3B). In such an arrangement, each of the first
RESET lines 92 is divided into a plurality of lines in the
pixel 30 to be connected to each of the pixels of the colors
(that is, the pixels 3R, 3G, and 35).

[0175] Furthermore, the first RESET lines 92 are arranged
in parallel to the banks 3a as viewed from above in the above
description. However, the first RESET lines 92 may be
arranged as shown in FIG. 10. FIG. 10 is a diagram showing
another example of the arrangement of the first RESET lines
92 in the organic EL display apparatus 1 according to
Embodiment 1. To be more specific, FIG. 10 is an enlarged
top view of a part of another example of the organic EL
display apparatus 1.

[0176] As shown in FIG. 10, the first RESET lines 92 may
be arranged to cross the banks 3a as viewed from above. To
be more specific, the first RESET lines 92 may be arranged
to be orthogonal to the banks 3a as viewed from above. That
is, although the first RESET line 92 is arranged for each of
the pixels 3R, 3G, and 3B in the above description, the first
RESET line 92 may be arranged corresponding to all the
pixels 3R, 3G, and 35.

Modification of Embodiment 1

[0177] Next, Modification of Embodiment 1 above is
described below. An organic EL display apparatus according
to Modification is almost the same as the organic EL display
apparatus 1 according to Embodiment described above,
except that the organic EL display apparatus according to
Modification includes, as power supply lines for supplying
a reference voltage V.1, a plurality of DATA lines (signal
lines) each for supplying a DATA signal voltage V., (a
signal voltage) that determines the luminance of pixels 3 and
supplying the reference voltage V. More specifically, the
organic EL display apparatus according to Modification is
different in that the DATA lines substitute for the VREF lines
83 used as the power supply lines for supplying the reference
voltage V.. In other words, the organic EL display appa-
ratus according to Modification is different in that the DATA
lines are used as the power supply lines for supplying the
reference voltage V. The following describes mainly the
differences between the organic EL display apparatus
according to Modification and the organic EL display appa-
ratus 1 according to Embodiment 1, with reference to FIG.
11 and FIG. 12.

[0178] FIG. 11 is an electric circuit diagram showing a
configuration of a pixel circuit included in the organic EL
display apparatus according to Modification of Embodiment
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[0179] As shown in FIG. 11, in comparison with the pixel
circuit 4 in Embodiment 1 above, a pixel circuit 4A in
Modification is provided with, as the power supply line for
supplying the reference voltage V., a DATA line 7A for
supplying the DATA signal voltage V., and the reference
voltage V.. This DATA line 7A is supplied with the DATA
signal voltage V., and the reference voltage V- on a
time-sharing basis, for example. To be more specific, for
example, the voltage level of a SCAN signal for the corre-
sponding row in a Vth detection period becomes Hi while
the DATA line 7A is being supplied with the reference
voltage Vprr, and the voltage level of the SCAN signal for
the corresponding row in a data writing period becomes Low
while the DATA line 7A is being supplied with the DATA
signal voltage V.. That is, the pixel circuit 4A in Modi-
fication substitutes the DATA line 7A for the power supply
line for supplying the reference voltage V gz

[0180] Thus, in comparison with the pixel circuit 4 in
Embodiment 1 that is provided with both the DATA line 7
for supplying the DATA signal voltage V, ,,, and the VREF
line 83 for supplying the reference voltage V- the number
of wiring lines can be reduced according to the pixel circuit
4A in Modification. Thus, the layout design can be easily
created.

[0181] As is the case with each of the VREF lines 83 in
Embodiment 1, each of the DATA lines 7A used as the power
supply line for supplying the reference voltage V., in
Modification is arranged to cross the banks 3a as viewed
from above. With this, the organic EL display apparatus
according to Modification can achieve the same advanta-
geous effects as in Embodiment 1 above.

[0182] FIG. 12 is a diagram showing an arrangement of
the power supply lines 8 (the DATA lines 7A) and the banks
3a in the organic EL display apparatus according to Modi-
fication of Embodiment 1. To be more specific, FIG. 12 is an
enlarged top view of a part of the organic EL display
apparatus 1. It should be noted that, in FIG. 12, the structural
elements other than the banks 3a, the anodes 51, the power
supply lines 8 (the DATA lines 7A), and the SCAN lines 6
also having the functions of the first RESET lines are not
illustrated. Note also that the power supply lines 8 (the
DATA lines 7A) and the SCAN lines 6 are shown in a
manner that the banks 3a and the anodes 51 are drawn in
perspective.

[0183] As shown in FIG. 12, each of the DATA lines 7A
is arranged to cross the banks 3a. To be more specific, the
amount of voltage drop of one of the DATA lines 7A depends
on the thicknesses of the linear sections of the light-emitting
layer 52 partitioned by the banks 3a. Similarly, the amount
of voltage drop of another one of the DATA lines 7A depends
on the thicknesses of the linear sections of the ht-emitting
layer 52 partitioned by the banks 3a. Therefore, the DATA
lines 7A are less likely to vary in the amount of voltage drop.

[0184] As a result, also according to the organic EL
display apparatus according to Modification as is the case
with the organic EL display apparatus 1 according to
Embodiment 1, the pixel currents i, flowing in the light
emission period are also less likely to have variations that
depend on the thicknesses of the linear sections of the
partitioned light-emitting layer 52. Hence, according to the
organic EL display apparatus in Modification of Embodi-
ment 1, the streak pattern corresponding to the banks 3a can
be reduced.
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[0185] As described thus far, the organic EL display
apparatus according to Modification of Embodiment 1
includes, as the power supply lines for supplying the refer-
ence voltage V., the DATA lines 7A each for supplying
the DATA signal voltage V,,,, that determines the lumi-
nance of the pixels 3 and supplying the reference voltage
Vrer Here, each of the DATA lines 7A is arranged to cross
the banks 3a as viewed from above. With this, the organic
EL display apparatus according to Modification of Embodi-
ment 1 can achieve the same advantageous effects as the
organic EL display apparatus 1 according to Embodiment 1.
[0186] Furthermore, the DATA lines 7A substitute for the
power supply lines 8 for supplying the reference voltage
Vieer and thereby the number of wiring lines can be
reduced. Thus, the layout design can be easily created.

Embodiment 2

[0187] Next, Embodiment 2 is described below. An
organic EL display apparatus according to Embodiment 2 is
almost the same as the organic EL display apparatus 1
according to Embodiment 1 described above, except that the
organic EL display apparatus according to Embodiment 2
includes VDD lines 81 in place of the VREF lines 83, as
power supply lines 8 arranged to cross banks 3a as viewed
from above. The following describes the organic EL display
apparatus according to Embodiment 2, with reference to
FIG. 13 to FIG. 15.

[Influence of Capacitance Component of Organic EL
Element on Voltage of Power Supply Line (VDD Line)]

[0188] First, a further finding of the inventors as a factor
responsible for the aforementioned streak pattern displayed

corresponding to the banks 3a is described, with reference to
FIG. 13 and FIG. 14.

{State of Pixel Circuit in Vth Detection Period}

[0189] FIG. 13 is an explanatory view showing a state of
a pixel circuit 4 in a Vth detection period shown in FIG. 5,
according to Embodiment 2.

[0190] As shown in FIG. 13 and also described in Embodi-
ment 1, the charging of a storage capacitor Cs with a
threshold detection current i,,,,, allows a current i, to flow
from a source of a drive transistor Qd to the VREF line 83
via this storage capacitor Cs. Similarly, the charging of a
capacitance component CEL with the threshold detection
current i,,,, allows a current i to flow from the source of
the drive transistor Qd to the VSS line 82 via this capaci-
tance component CEL.

[0191] Here, a voltage drop (a voltage depression) due to
a wiring resistance of the VDD line 81 occurs to this VDD
line 81 from which the current i, flows. Such a voltage
drop may possibly have an influence on a display screen of
the organic EL display apparatus. For example, the layout of
the VDD lines 81 in the organic EL display apparatus is
constrained by the other lines, electrodes, and so forth
formed in the same layer as the VDD lines 81. On this
account, the VDD line 81 has a wiring resistance with a size
that should not be ignored. More specifically, when the
current passes through the VDD line 81, the voltage drop
(the voltage depression) of this VDD line 81 due to the
wiring resistance becomes too large to be ignored and
thereby may possibly have an influence on the display

screen of the organic EL display apparatus.



US 2016/0351119 Al

[0192] To be more specific, in the Vth detection period, a
voltage V,,, supplied to the pixel circuit 4 from the VDD
line 81 is lower than a voltage V,,, supplied to the VDD
line 81 from a power source unit provided outside the pixel
circuits 4. That is, the voltage drop occurs to the VDD line
81 in the Vth detection period. The magnitude of this voltage
drop depends on the capacitance component CEL of the
organic EL element 5. This is because the amount of voltage
drop occurring to the VDD line 81 depends on the charging
current of the capacitance component CEL having the capac-
ity C,, in the organic EL element 5. In other words, the
voltage V,, has a dependence on the capacitance compo-
nent CEL of the organic EL element 5.

[0193] The following describes the reason why the voltage
Vp has a dependence on the capacitance component CEL
of the organic EL element 5, using Expressions 12 to 16.
[0194] First, assuming that an elapsed time from a start
time t13 of the Vth detection period is t, that a gate-source
voltage of the drive transistor Qd at the time after the elapsed
time t from the start time t13 is V__ (t), and that a threshold
voltage of the drive transistor Qd 13 V,,, the current i, (0)
at the time after the elapsed time t from the start time t13 of
the Vth detection period is represented by Expression 12
below.

[Math. 10]

Expression 12

Eprog (1) = g(vgsm - Vi)

[0195] Moreover, as described in Embodiment 1, assum-
ing that the elapsed time from the start time t13 of the Vth
detection period is t and that the gate-source voltage of the
drive transistor Qd at the start time t13 is V,, (0), the
gate-source voltage V(1) of the drive transistor Qd at the
time after the elapsed time t from the start time t13 of the Vth
detection period is represented by Expression 13 below.

[Math. 11]
1 Expression 13
Vel = — — Vi
2Cs + ) Vel0)— Vi
[0196] Thus, by substitution of Expression 13 into Expres-

sion 12, i

» urog (1) 18 represented by Expression 14 below.

[Math. 12]

(G Gy Cp) Expression 14

l 1O
gt ﬂ( UCs + Cir) ]
B, s 0)=Vin)

ﬂ( C, 2 ]2
Cs+Cer B(Vg(0) = Vi)

[0197] Furthermore, assuming that a wiring resistance
corresponding to the pixel 3 among the wiring resistances of
the VDD line 81 is R and that the voltage supplied from
outside the pixel circuits 4 to each of the VREF lines 81 is
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V ppo- the voltage V ,, supplied from the VDD line 81 to the
corresponding pixel circuit 4 is represented by Expression 5
below.

[Math. 13]

Voo=Vppo-2ZRj,

prog
[0198] Thus, by substitution of Expression 14 into Expres-
sion 15, V., ,,, at the time after the elapsed time t from the
start time t13 of the Vth detection period is represented by
Expression 16 below.

Expression 15

[Math, 14]

2
Vvpp = Vvppo = Z ( > ]2

Cs +CgL ﬁ(Vgs(O) = Vi)

Expression 16

[0199] To be more specific, the voltage of the VDD line 81
in the Vth detection period depends on the capacitance
component CEL of the organic EL element 5 and the elapsed
time from the start time of the Vth detection period.
[0200] Here, when a sufficient time has elapsed from the
start time of the Vth detection period, the current i,
flowing from the VDD line 81 is substantially zero and thus
theoretically V 5=V ppo. In reality, however, it is diﬂicult to
ensure the length of the Vth period in which this current i,
becomes substantially zero. On this account, V=V rrro
because of the wiring resistance of the VDD line 81.
[0201] As described above, the voltage V., of the VDD
line 81 in the Vth detection period depends on the capaci-
tance component CEL of the organic EL element 5 and the
elapsed time from the start time of the Vth detection period.
Thus, the threshold voltage of the drive transistor Qd
detected in this period also depends on the capacitance
component CEL and the elapsed time. In other words, the
drive transistor Qd to be detected depends on the capaci-
tance component CEL and the elapsed time. The following
specifically describes the reason why the threshold voltage
of the drive transistor Qd has such a dependence.

[0202] FIG. 14 is a graph showing -V characteristics of
the drive transistor Qd according to Embodiment 2. To be
more specific, FIG. 14 shows a drain current I, with respect
to the gate-source voltage V. of the drive transistor Qd in
the cases where a drain-source voltage V, of the drive
transistor Qd is V 45, and where the drain-source voltage V
is V4, (note that V<V ).

[0203] As shown in FIG. 14, the drain current I, of the
drive transistor Qd depends on not only the date-source
voltage V,, of the drive transistor Qd, but also on the
drain-source voltage V ,, of the drive transistor Qd.

[0204] Here, a threshold voltage V , of the drive transistor
Qd, which is the voltage stored by the storage capacitor Cs
after the Vth detection period (after the time t15 in FIG. 5),
is the gate-source voltage V, of the drive transistor Qd at the
finish time of the Vth detection period (at the time t15 in
FIG. 5). In other words, the threshold voltage V,, detected in
the Vth detection period depends on the drain-source voltage
V , of the drive transistor Qd.

[0205] Moreover, as described above, the voltage V,,, of
the VDD line 81 in the Vth detection depends on the
capacity Cz; of the capacitance component CEL of the
organic EL element 5 and the elapsed time from the start
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time of the Vth detection period. More specifically, the
voltage V , at the finish time of the Vth detection period (at
the time t15 in FIG. 15) depends on the capacity C; of the
capacitance component CEL of the organic EL element 5
and the length of the Vth detection period. Thus, as with the
voltage V,, at the finish time, the drain-source voltage V
of the drive transistor Qd at the finish time also depends on
the capacity Cy; of the capacitance component CEL of the
organic EL element 5 and the length of the Vth detection
period.

[0206] In this way, the threshold voltage V,, detected in
the Vth detection period depends on the drain-source voltage
V ,, of the drive transistor Qd, and this drain-source voltage
V . depends on the capacity Cy; of the capacitance compo-
nent CEL of the organic EL element 5 and the length of the
Vth detection period. Thus, it can be understood that the
threshold voltage V,,, detected in the Vth detection period
depends on the capacity Cy; of the capacitance component
CEL of the organic EL element 5 and the length of the Vth
detection period.

[0207] The inventors have found that, between the capaci-
tance component CEL of the organic EL element 5 and the
length of the Vith detection period that influence the thresh-
old voltage V,,, the capacitance component CEL of the
organic EL element 5 is a main factor responsible for the
aforementioned streak pattern displayed corresponding to
the banks 3a. The following describes the reason why the
capacitance component CEL of the organic EL element 5
causes the streak pattern to be displayed.

[0208] As described in Embodiment 1, the capacitance
component CEL of the organic EL element 5 is determined
by the thickness of the light-emitting layer 52 interposed
between the anode 51 and the cathode 53 of this organic EL
element 5. The thickness of the light-emitting layer 52 may
possibly be different for each of linear sections of the
light-emitting layer 52 partitioned by the banks 3a. Thus, the
capacities Cp; of the capacitance components CEL included
in the pixel circuits 4 of the pixels 3 corresponding to the
same linear section of the light-emitting layer 52 are sub-
stantially the same. However, the capacities C,; of the
capacitance components CEL included in the pixel circuits
4 of the pixels 3 corresponding to different linear sections of
the light-emitting layer 52 may possibly be different from
each other.

[0209] For this reason, when the VDD lines 81 are
arranged in parallel to the banks 3a, the following problem
is caused as in the case where the VREF lines 83 are
arranged in parallel to the banks 34 as described in Embodi-
ment 1. That is, the VDD lines 81 vary in the amount of
voltage drop.

[0210] As described above, the threshold voltage V,,
detected in the Vth detection period depends on the drain-
source voltage V _ of the drive transistor Qd. More specifi-
cally, the threshold voltage V,, of the drive transistor Qd
depends on the voltage V,,, of the VDD line 81 connected
to the pixel circuit 4 including this drive transistor Qd. On
this account, the variations in the amount of voltage drop
among the VDD lines 81 influence the threshold voltage V,,,
to be detected. As a result of the arrangement in which the
VDD lines 81 are parallel to the banks 3a, the streak pattern
corresponding to the linear sections of the light-emitting
layer 52 is displayed.

[0211] In view of this, the organic EL display apparatus
according to Embodiment 2 include the power supply lines

Dec. 1, 2016

8 which are arranged to cross the banks 3a to reduce such a
streak pattern displayed corresponding to the banks 3a. To
be more specific, each of the VDD lines 81, which are the
power supply lines 8, is arranged to cross the banks 3a.

[0212] The following describes the arrangement of the
VDD lines 81, which are the power supply lines 8 in
Embodiment 2, with reference to FIG. 15. FIG. 15 is a
diagram showing the arrangement of the power supply lines
8 (the VDD lines 81) and the banks 3a in the organic EL
display apparatus according to Embodiment 2. To be more
specific, (a) of FIG. 15 is an enlarged top view of a part of
the organic EL display apparatus, and (b) of FIG. 15 is a
schematic diagram showing an arrangement of the pixels 3
corresponding to (a) of FIG. 15. It should be noted that
although (a) of FIG. 15 is a top view of the organic EL
display apparatus viewed from the positive side of the Z-axis
direction, the structural elements other than the banks 3a, the
anodes 51, and the power supply lines 8 (the VDD lines 81),
are not illustrated. Note also that the power supply lines 8
(the VREF lines 83) are shown in a manner that the banks
3a and the anodes 51 are drawn in perspective.

[0213] As shown in (b) of FIG. 15, pixels 30, each of
which includes pixels 3R, 3G, and 3B corresponding to the
three colors (red, green, and blue) are shown in a matrix with
two rows and two columns. The pixels 3R, 3G, and 3B are
divided by color by the banks 3a.

[0214] Here, each of the VDD lines 81 is arranged to cross
the banks 3a. To be more specific, the amount of voltage
drop of one of the VDD lines 81 depends on the thicknesses
of the linear sections of the light-emitting layer 52 parti-
tioned by the banks 3a. Similarly, the amount of voltage
drop of another one of the VDD lines 81 depends on the
thicknesses of the linear sections of the light-emitting layer
52 partitioned by the banks 3a. Therefore, the VDD lines 81
are less likely to vary in the amount of voltage drop.

[0215] As a result, the threshold voltages V,, detected in
the Vth detection period are also less likely to have varia-
tions that depend on the thicknesses of the linear sections of
the light-emitting layer 52. Hence, the organic EL display
apparatus according to Embodiment 2 can achieve the same
advantageous effects as in Embodiment 1 above.

[0216] To be more specific, such an arrangement, in which
each of the VDD lines 81 crosses the banks 3a, allows the
VDD line 81 to be electrically connected to the organic EL
elements 5 having different linear sections of the light-
emitting layer 52 among the linear sections of the light-
emitting layer 52, when the transistor Qenb arranged
between the VDD line 81 and the anode 51 of the organic EL
element 5 is conducting and the threshold detection current
1,0, 18 flowing. Thus, these VDD lines 81 are assumed to be
connected to, as loads, the capacitance components CEL of
the organic EL elements 5 having the different linear sec-
tions of the light-emitting layer 52. Hence, even when the
thickness is different for each of the linear sections of the
light-emitting layer 52, the load of the VDD line 81 is less
likely to depend on the thickness of the specific linear
section of the light-emitting layer 52. As a result of this, the
VDD lines 81 are less likely to vary in the amount of voltage
drop. This can reduce the streak pattern corresponding to the
banks 3¢ that is displayed in the light emission period. That
is, the organic EL display apparatus according to Embodi-
ment 2 can reduce the display unevenness, as with the
organic EL display apparatus 1 according to Embodiment 1.
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[0217] To be more specific, according to the organic EL
display apparatus according to Embodiment 2, when the
threshold voltages of the drive transistors Qd of the red
pixels 3R located in the pixels 30 in the k-th row are almost
the same as the threshold voltages of the drive transistors Qd
of the red pixels 3R located in the pixels 30 in the (k+1)-th
row, the threshold voltages V,, detected in the Vth detection
period are almost the same.

[0218] It should be noted that, for example, “the pixels 30
in the k-th row” refer to the pixels 30 which are in the k-th
row counted from the positive side of the column direction
(i.e, from the positive side of the Y-axis direction), in the
case where the pixels 30 each including the pixels 3R, 3G,
and 3B corresponding to the three colors (red, green, and
blue) are arranged in a matrix with rows (in a direction
parallel to the X axis) and columns (in a direction parallel to
the Y axis). To be more specific, a single pixel row includes
a plurality of pixels 30 arranged in the row direction (which
is parallel to the X axis). Similarly, a single pixel column
includes a plurality of pixels 30 arranged in the column
direction (which is parallel to the Y axis).

[0219] On the other hand, in such an arrangement in which
each of the VDD lines 81 is parallel to the banks 3a, even
when the threshold voltages of the drive transistors Qd of the
red pixels 3R located in the pixels 30 in the k-th row are
almost the same as the threshold voltages of the drive
transistors Qd of the red pixels 3R located in the pixels 30
in the (k+1)-th row, the threshold voltages V,, detected in the
Vth detection period may possibly be different from each
other. More specifically, the streak pattern corresponding to
the banks 3a may possibly be displayed.

[Conclusion]

[0220] As described above, the organic EL display appa-
ratus according to Embodiment 2 is almost the same as the
organic EL display apparatus 1 according to Embodiment 1,
and is different in that the VDD lines 81 function as the
aforementioned power supply lines 8. To be more specific,
Embodiment 2 is different from Embodiment 1 in that each
of the VDD lines 81 (one aspect of the power supply lines
8 according to the present disclosure) in place of the VREF
lines 83 in Embodiment 1 is arranged to cross the banks 3a
as viewed from above. With this, the organic EL display
apparatus according to Embodiment 2 can achieve the same
advantageous effects as the organic EL display apparatus 1
according to Embodiment 1.

[0221] To be more specific, the voltage drop caused to the
VDD line 81 influences the result of the detection of the
threshold voltage of the drive transistor Qd. Thus, the
variations in the amount of voltage drop among the VDD
lines 81 cause the display unevenness. However, the
arrangement in which each of the VDD lines 81 crosses the
banks 3a can reduce the variations in the amount of voltage
drop among the VDD lines 81. Hence, the display uneven-
ness can be reduced.

[0222] It should be noted that the power supply lines other
than the VDD lines 81, that is, the VREF lines 83, the VSS
lines 82, and VRST lines 84 may be arranged in any manner.
For example, these power supply lines may be arranged in
parallel to the banks 3a (as viewed from the positive side of
the Z-axis direction).

Embodiment 3

[0223] Next, Embodiment 3 is described below. An
organic EL display apparatus according to Embodiment 3 is
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almost the same as the organic EL display apparatus 1
according to Embodiment 1 described above, except that the
organic EL display apparatus according to Embodiment 3
includes VRST lines 84 in place of the VREF lines 83, as
power supply lines 8 arranged to cross banks 3a as viewed
from above. The following describes the organic EL display
apparatus according to Embodiment 3, with reference to
FIG. 16 and FIG. 17.

[Influence of Capacitance Component of Organic EL
Element on Voltage of Power Supply Line (VRST Line)]

[0224] First, a further finding of the inventors as a factor
responsible for the aforementioned streak pattern displayed

corresponding to the banks 3a is described, with reference to
FIG. 16.

{State of Pixel Circuit in EL, Reset Period}

[0225] FIG. 16 is an explanatory view showing a state of
a pixel circuit 4 in an EL reset period shown in FIG. 5,
according to Embodiment 3.

[0226] As shown in FIG. 16, in the EL reset period, only
the RESET2 signal has a HIGH voltage level and thereby
only the transistor Qrst is electrically conducting. As a
result, an electrical charge carried by a capacitance compo-
nent CEL of an organic EL element 5 is reset. Then, a current
1,5, flows from a source of a drive transistor Qd to the VRST
line 84 via the transistor Qrst.

[0227] Here, a voltage drop (a voltage depression) due to
a wiring resistance of the VRST line 84 occurs to this VRST
line 84 to which the current 1 , flows. Such a voltage drop
may possibly have an influence on a display screen of the
organic EL display apparatus. For example, the layout of the
VRST lines 84 in the organic EL display apparatus is
constrained by the other lines, electrodes, and so forth
formed in the same layer as the VRST line 84. On this
account, the VRST line 84 has a wiring resistance with a size
that should not be ignored. More specifically, when the
current passes through the VRST line 84, the voltage drop
(the voltage depression) of this VRST line 84 due to the
wiring resistance becomes too large to be ignored and
thereby may possibly have an influence on the display
screen of the organic EL display apparatus 1.

[0228] To be more specific, in the EL reset period, a
voltage Vg7 supplied to the pixel circuit 4 from the VRST
line 84 is higher than a voltage V., supplied to the voltage
Vyesr from a power source unit provided outside the pixel
circuits 4. That is, the voltage drop occurs to the VRST line
84 in the EL reset period. The magnitude of this voltage drop
depends on the capacitance component CEL of the organic
EL element 5. This is because the amount of voltage drop
occurring to the VRST line 84 depends on the discharging
current from the capacitance component CEL having the
capacity G, in the organic EL element 5. In other words, the
voltage V47 has a dependence on the capacitance compo-
nent CEL of the organic EL element 5.

[0229] The following describes the reason why the voltage
Vrsr has a dependence on the capacitance component CEL
of the organic EL element 5, using Expressions 17 to 20.

[0230] First, assuming that a source voltage of the drive
transistor Qd is V, the current i,, is represented by Expres-
sion 17 below,

rst
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[Math. 15]
- ¢ dv; Expression 17
Lt =—CEL dr

[0231] It can be understood from Expression 17 that the

current i, is influenced by the capacity C., of the capaci-
tance component CEL of the organic electrode element 5.

[0232] Thus, assuming that a wiring resistance corre-
sponding to the pixel 3 among the wiring resistances of the
VRST line 84 is R and that the voltage supplied from outside
the pixel circuits 4 to each of the VRST lines 84 is Vo,
the voltage V., supplied from the VRST line 84 to the
corresponding pixel circuit 4 is represented by Expression
18 below.

[Math. 16]

Vst = Vrsto + Z Rivst Expression 18

av,

= Vgsro —Z RCer, I

[0233] More specifically, the voltage V¢ supplied from
the VRST line 84 to the corresponding pixel circuit 4 is
influenced by the capacity C; of the capacitance compo-
nent CEL of the organic electrode element 5. Thus, as
represented by Expression 4, the current i, flowing to the
VRST line 84 is influenced by the capacity C, of the
capacitance component CEL, and thereby the voltage Vo,
is influenced by the capacity C, of the capacitance com-
ponent CEL as well. In other words, the voltage V¢, has a
dependence on the capacitance component CEL of the
organic EL element 5.

[0234] Thus, the source voltage V, of the drive transistor
Qd at the finish time of the EL reset period (the time shown
in FIG. 5) has a dependence on the capacitance component
CEL of the organic EL element 5. To be more specific, the
source voltage V_ of the drive transistor Qd at the start time
of the Vth detection period (the time t13 shown in FIG. 5)
has a dependence on the capacitance component CEL of the
organic EL element 5.

[0235] Here, a gate-source voltage V., (0) of the drive
transistor Qd at the start time of the Vth detection period can
be represented by Expression 19 below.

Vel 0)=Vrgrrst Expression 19
[0236] Thus, it can be understood from Expressions 18
and 19 that V,, (0) has a dependence on the capacitance
component CEL of the organic EL element 5.

[0237] Moreover, as described in Embodiment 1, assum-
ing that an elapsed time from the start time t13 of the Vth
detection period is t, the gate-source voltage V,, (t) of the
drive transistor Qd at a time after the elapsed time t from the
start time t13 of the Vth detection period is represented by
Expression 20 below.
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[Math. 17]

1 Yy Expression 20
ﬁ ¥ T th

+
2Cs + Crr)  Vig(0) =V

V(D)=

[0238] Thus, it can be understood that when V, (0) has a
dependence on the capacitance component CEL of the
organic EL element 5, V_ (1) similarly has a dependence on
the capacitance component CEL of the organic EL element
5. More specifically, it can be understood that the threshold
voltage V,, detected in the Vth detection period has a
dependence on the capacitance component CEL of the
organic EL element 5.

[0239] The inventors have found that the capacitance
component CEL of the organic EL element 5 that influences
the threshold voltage Vth is a main factor responsible for the
aforementioned streak pattern displayed corresponding to
the banks 3a. The following describes the reason why the
capacitance component CEL of the organic EL element 5
causes the streak pattern to be displayed.

[0240] As described in Embodiment 1, the capacitance
component CEL of the organic EL element 5 is determined
by the thickness of the light-emitting layer 52 interposed
between the anode 51 and the cathode 53 of this organic EL
element 5. The thickness of the light-emitting layer 52 may
possibly be different for each of linear sections of the
light-emitting layer 52 partitioned by the banks 3a. Thus, the
capacities Cp; of the capacitance components CEL included
in the pixel circuits 4 of the pixels 3 corresponding to the
same linear section of the light-emitting layer 52 are sub-
stantially the same. However, the capacities C; of the
capacitance components CEL included in the pixel circuits
4 of the pixels 3 corresponding to different linear sections of
the light-emitting layer 52 may possibly be different from
each other.

[0241] For this reason, when the VRST lines 84 are
arranged in parallel to the banks 3a, the following problem
is caused as in the case where the VREF lines 83 are
arranged in parallel to the banks 3a as described in Embodi-
ment 1. That is, the VRST lines 84 vary in the amount of
voltage drop.

[0242] As described above, the threshold voltage V,,
detected in the Vth detection period depends on the gate-
source voltage V . (0) of the drive transistor Qd at the start
time of the Vth detection period. More specifically, the
threshold voltage V,,, of the drive transistor Qd depends on
the voltage Vzor0f the VRST line 84 connected to the pixel
circuit 4 including this drive transistor Qd. On this account,
the variations in the amount of voltage drop among the
VRST lines 84 influence the threshold voltage V,, to be
detected. As a result of the arrangement in which the VRST
lines 84 are parallel to the banks 3a, the streak pattern
corresponding to the linear sections of the light-emitting
layer 52 is displayed.

[0243] 1In view of this, the organic EL display apparatus
according to Embodiment 3 include the power supply lines
8 which are arranged to cross the banks 3a to reduce such a
streak pattern displayed corresponding to the banks 3a. To
be more specific, each of the VRST lines 84, which are the
power supply lines 8, is arranged to cross the banks 3a.
[0244] The following describes the arrangement of the
VRST lines 84, which are the power supply lines 8 in
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Embodiment 3, with reference to FIG. 17. FIG. 17 is a
diagram showing the arrangement of the power supply lines
8 (the VRST lines 84) and the banks 3a in the organic EL
display apparatus according to Embodiment 3. To be more
specific, (a) of FIG. 17 is an enlarged top view of a part of
the organic EL display apparatus, and (b) of FIG. 17 1s a
schematic diagram showing an arrangement of the pixels 3
corresponding to (a) of FIG. 17. It should be noted that
although (a) of FIG. 17 is a top view of the organic EL
display apparatus viewed from the positive side of the Z-axis
direction, the structural elements other than the banks 3a, the
anodes 51, the power supply lines 8 (the VRST lines 84), and
second RESET lines 93 are not illustrated. Note also that the
power supply lines 8 (the VRST lines 84) and the second
RESET lines 93 are shown in a manner that the banks 3@ and
the anodes 51 are drawn in perspective.

[0245] As shown in (b) of FIG. 17, pixels 30, each of
which includes pixels 3R, 3G, and 3B corresponding to the
three colors (red, green, and blue) are shown in a matrix with
two rows and two columns. The pixels 3R, 3G, and 3B are
divided by color by the banks 3a.

[0246] The second RESET lines 93 are arranged, for
example, in parallel to the banks 3a, and supply RESET2
signals to the pixels 3 (the pixels 3R, 3G, and 3B). It should
be noted that the first RESET lines 92 may be bound outside
the pixels 3, for each of the pixels 30 including the pixels 3R,
3G, and 3B.

[0247] Here, each of the VRST lines 84 is arranged to
cross the banks 3a. To be more specific, the amount of
voltage drop of one of the VRST lines 84 depends on the
thicknesses of the linear sections of the light-emitting layer
52 partitioned by the banks 3a. Similarly, the amount of
voltage drop of another one of the VRST lines 84 depends
on the thicknesses of the linear sections of the light-emitting
layer 52 partitioned by the banks 3a. Therefore, the VRST
lines 84 are less likely to vary in the amount of voltage drop.

[0248] As a result, the threshold voltages V, detected in
the Vth detection period are also less likely to have varia-
tions that depend on the thicknesses of the linear sections of
the partitioned light-emitting layer 52. Hence, the organic
EL display apparatus according to Embodiment 3 can
achieve the same advantageous effects as the organic EL
display apparatus 1 according to Embodiment 1.

[0249] To be more specific, such an arrangement, in which
each of the VRST lines 84 crosses the banks 3a, allows the
VRST line 84 to be electrically connected to the organic EL
elements 5 having different linear sections of the light-
emitting layer 52 among the linear sections of the light-
emitting layer 52, when the transistor Qrst arranged between
the VRST line 84 and the anode 51 of the organic EL
element 5 is conducting. Thus, these VRST lines 84 are
assumed to be connected to, as loads, the capacitance
components CEL of the organic EL elements 5 having the
different linear sections of the light-emitting layer 52.
Hence, even when the thickness is different for each of the
linear sections of the light-emitting layer 52, the load of the
VRST line 84 is less likely to depend on the thickness of the
specific linear section of the light-emitting layer 52. As a
result of this, the VRST lines 84 are less likely to vary in the
amount of voltage drop. This can reduce the streak pattern
corresponding to the banks 3a that is displayed in the light
emission period. That is, the organic EL display apparatus
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according to Embodiment 3 can reduce the display uneven-
ness, as with the organic EL display apparatus 1 according
to Embodiment 1.

[0250] To be more specific, according to the organic EL
display apparatus according to Embodiment 3, when the
threshold voltages of the drive transistors Qd of the red
pixels 3R located in the pixels 30 in a k-th row are almost
the same as the threshold voltages of the drive transistors Qd
of the red pixels 3R located in the pixels 30 in a (k+1)-th
row, the threshold voltages V,,, detected in the Vth detection
period are almost the same.

[0251] On the other hand, in such an arrangement in which
each of the VRST lines 84 is parallel to the banks 3a, even
when the threshold voltages of the drive transistors Qd of the
red pixels 3R located in the pixels 30 in the k-th row are
almost the same as the threshold voltages of the drive
transistors Qd of the red pixels 3R located in the pixels 30
in the (k+1)-th row, the threshold voltages V ,;, detected in the
Vth detection period may possibly be different from each
other. More specifically, the streak pattern corresponding to
the banks 3a may possibly be displayed.

[Conclusion]

[0252] As described above, the organic EL display appa-
ratus according to Embodiment 3 is almost the same as the
organic EL display apparatus 1 according to Embodiment 1,
and is different in that the VRST lines 84 function as the
aforementioned power supply lines 8. To be more specific,
Embodiment 3 is different from Embodiment 1 in that each
of the VRST lines 84 (one aspect of the power supply lines
8 according to the present disclosure) in place of the VREF
lines 83 in Embodiment 1 is arranged to cross the banks 3a
as viewed from above. With this, the organic EL display
apparatus according to Embodiment 3 can achieve the same
advantageous effects as the organic EL display apparatus 1
according to Embodiment 1.

[0253] TO be more specific, the organic EL display appa-
ratus according to Embodiment 3 includes the following: the
VRST lines 84 each for supplying the reset voltage V- to
reset the voltage held by the organic EL element 5 of the
corresponding pixel 3; and the VDD lines 81 each connected
to the drain of the drive transistor Qd and each for supplying
the current to cause the organic EL element 5 of the
corresponding pixel 3 to emit light. Each of the pixels 30 has
the transistor Qrst that switches the states between the VRST
line 84 and the second electrode of the storage capacitor Cs
and between the VRST line 84 and the anode 51 of the
organic EL element 5, between conducting and non-con-
ducting states.

[0254] Here, when the electrical charge accumulated in
the capacitance component CEL of the organic EL element
5 is reset to detect the threshold voltage of the drive
transistor Qd, the current 1,., corresponding to this electrical
charge passes through the VRST line 84 and thereby causes
the voltage drop. The voltage drop caused to the VRST line
84 influences the result of the detection of the threshold
voltage of the drive transistor Qd. Thus, the variations in the
amount of voltage drop among the VRST lines 84 cause the
display unevenness. However, the arrangement in which
each of the VRST lines 84 crosses the banks 3a can reduce
the variations in the amount of voltage drop among the
VRST lines 84. Hence, the display unevenness can be
reduced.
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[0255] Tt should be noted that the power supply lines other
than the VRST line 84, that is, the VDD lines 81, the VREF
lines 83, and the VSS lines 82 may be arranged in any
manner. For example, these power supply lines may be
arranged in parallel to the banks 3¢ (as viewed from the
positive side of the Z-axis direction).

(Other Modifications)

[0256] Although the organic display apparatuses have
been described based on Embodiments according to the
present disclosure thus far, the present disclosure is not
limited to Embodiments described above.

[0257] For example, as shown in FIG. 18, an organic EL
display apparatus may further include a plurality of banks 35
(second partitions) which cross a plurality of banks 3« (first
partitions). The banks 34 partition, in conjunction with the
banks 3a, a light-emitting layer 52 into a grid of squares. The
banks 3a may protrude upward higher than the banks 34.
FIG. 18 is a perspective view showing an example of the
banks in the organic EL display apparatus according to
another modification. As shown in FIG. 18, the banks 3a and
the banks 34 function as pixel banks each having an opening
for each of pixels 3.

[0258] Thus, in a process of manufacturing the organic EL
display apparatus as with the processes of manufacturing the
organic EL display apparatuses in the above embodiments,
at least one of layers included in the light-emitting layer 52
can be formed by dropping an organic semiconductor mate-
rial solution to a pixel row located between two adjacent
banks 3a. To be more specific, at the time of dropping the
organic semiconductor material solution, this organic semi-
conductor material solution is formed, spreading over the
banks 3b. However, subsequent processes, such as heat
treatment, eliminate the organic semiconductor material
solution spreading over the banks 3. As a result, an organic
layer comprising the organic semiconductor material is
formed only in the openings of the pixel banks. Thus, the
organic layer can be formed in the openings of the pixel
banks by a simple manufacturing process. More specifically,
the light-emitting layer can be formed in the openings of the
grid by a simple manufacturing process.

[0259] As in the organic EL display apparatuses described
above, even such an organic EL display apparatus includes
the light-emitting layer 52 which is formed by dropping the
organic semiconductor material solution to the pixel row
located between two adjacent banks 3a. Thus, although the
light-emitting layers 52 of the pixels 3 in the same pixel row
are almost the same in thickness, the light-emitting layers 52
of the pixels 3 in different rows may possibly be different in
thickness.

[0260] Moreover, a predetermined surface treatment
using, for example, fluorine may be performed on each of
the banks 3a to enable the surface of the bank 3a to have
liquid repellency. With this, the organic semiconductor
material solution on the surfaces of the banks 35 out of the
organic semiconductor material solution spreading over the
banks 35 are repelled. Thus, the layer that is included among
the layers (a hole injection layer 521, a hole transport layer
522, an organic light-emitting layer 523, an electron trans-
port layer 524, and an electron injection layer 525) of the
light-emitting layer 52 and is formed from the organic
semiconductor material solution is divided for each of the
pixels 3.
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[0261] Furthermore, the banks 3a are provided to divide
the pixels 3 having different colors in the above description.
However, the banks 3a may be provided to divide the pixels
3 having the same color, as shown in FIG. 19.

[0262] FIG. 19 is a diagram showing an arrangement of
power supply lines 8 (VREF lines 83, for example) and the
banks 3a in an organic EL display apparatus according to
another modification.

[0263] As shown in FIG. 19, for example, assume that all
the pixels 3 have the same color (such as white) and that
each of the power supply lines 8 (the VREF lines 83, for
example) is arranged in parallel to the banks 3a. Here, even
when DATA signal voltages V, ,., with the same luminance
are applied to the pixels 3 of rows, the pixels 3 in the
different rows may possibly emit light of different lumi-
nances. In other words, the streak pattern corresponding to
the banks 3 may possibly be displayed.

[0264] On the other hand, according to the organic EL
display apparatus according to this modification, each of the
power supply lines 8 (the VREF lines 83, for example) is
arranged to cross the banks 3a. With this, when the DATA
signal voltages V5, with the same luminance are applied
to the pixels 3 in the rows, the pixels 3 in the rows can emit
light of almost the same luminance. Hence, the organic EL
display apparatus according to this modification can achieve
the same advantageous effects as in Embodiment 1.

[0265] Moreover, each of the banks 3a is provided to
divide the pixels 3 of the different colors in the above
description. To be more specific, each of the linear section
of the light-emitting layer 52 is provided corresponding to
the pixels 3 of the same color. However, the present disclo-
sure is not limited to this. FIG. 20 is a diagram showing an
arrangement of power supply lines 8 (VREF lines 83, for
example) and banks 3a in an organic EL display apparatus
according to another modification. As shown in FIG. 20, a
plurality of pixels may be arranged in, for example, a
PenTile matrix in which pixels of different colors are
arranged in the same row.

[0266] Furthermore, the light-emitting layer 52 includes
the hole injection layer 521, the hole transport layer 522, the
organic light-emitting layer 523, the electron transport layer
524, and the electron injection layer 525 in the above
description. However, the light-emitting layer 52 may not
include these layers other than the organic light-emitting
layer 523.

[0267] Furthermore, forms obtainable by performing vari-
ous modifications on the respective embodiments and modi-
fications that may be conceived by a person of ordinary skill
in the art as well as forms realized by arbitrarily combining
the structural elements and functions in the respective
embodiments and modifications without departing from the
scope of the teachings of the present disclosure are included
in the present disclosure.

INDUSTRIAL APPLICABILITY

[0268] The present disclosure can be used for a display
apparatus, and particularly for a flat panel display (FPD)
apparatus, such as a television set as shown in FIG. 21 for
example.

REFERENCE SIGNS LIST

[0269]
[0270]

1 organic EL display apparatus
2 thin-film transistor array device



US 2016/0351119 Al

[0271] 3, 3B, 3G, 3R, 30 pixel
[0272] 3a, 3b bank

[0273] 4, 4A pixel circuit

[0274] 5 organic EL element
[0275] 6 SCAN line

[0276] 7, 7A DATA The

[0277] 8 power supply line

[0278] 9 transparent sealing film
[0279] 51 anode

[0280] 52 light-emitting layer
[0281] 53 cathode

[0282] 81 VDD line

[0283] 82 VSS line

[0284] 83 VREF line

[0285] 84 VRST line

[0286] 91 ENABLE line

[0287] 92 first RESET line

[0288] 93 second RESET line
[0289] 201 substrate

[0290] 202 drive circuit layer
[0291] 310 transparent sealing film
[0292] 521 hole injection layer
[0293] 522 hole transport layer
[0294] 523 organic light-emitting layer
[0295] 524 electron transport layer
[0296] 525 electron injection layer
[0297] Cs storage capacitor

[0298] CEL capacitance component
[0299] Qd drive transistor

[0300] Qenb, Qref, Qrst, Qscan transistor

1. A display apparatus including a plurality of pixels, the

display apparatus comprising:

a circuit substrate;

a light-emitting layer which is provided above the
circuit substrate;

a plurality of first partitions which partition the light-
emitting layer into a plurality of linear sections; and

a plurality of power supply lines which are provided for
the circuit substrate and supply a predetermined voltage
to the plurality of pixels,

wherein each of the plurality of pixels has:

a light-emitting element which includes a part of the
light-emitting layer partitioned into the plurality of
linear sections and emits light corresponding to a
supplied current;

a drive transistor which supplies a current to the light-
emitting element; and

a storage capacitor which stores a threshold voltage of the
drive transistor, and

each of the plurality of power supply lines is arranged to
cross the plurality of first partitions as viewed from
above.

2. The display apparatus according to claim 1, further

comprising

a plurality of second partitions which are arranged to
cross the plurality of first partitions and partition, in
conjunction with the plurality of first partitions, the
light-emitting layer into a grid of squares,
wherein the plurality of first partitions protrude upward

higher than the plurality of second partitions.

3. The display apparatus according to claim 1,

wherein the light-emitting element further includes an
anode and a cathode which are provided above the
circuit substrate and disposed opposite to each other via

21
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the part of the light-emitting layer partitioned into the
plurality of linear sections, and

the light-emitting layer includes a hole injection layer, a
hole transport layer, an organic light-emitting layer, an
electron transport layer, and an electron injection layer
which are laminated from an anode side in stated order.

4. The display apparatus according to claim 3,

wherein at least one of the hole injection layer, the hole
transport layer, the organic light-emitting layer, the
electron transport layer, and the electron injection layer
is formed by a printing method.

5. The display apparatus according to claim 1,

wherein each of the plurality of power supply lines is
arranged to be orthogonal to the plurality of first
partitions as viewed from above.

6. The display apparatus according to claim 1,

wherein the storage capacitor has: a first electrode which
is electrically connected to a gate of the drive transistor;
and a second electrode which is electrically connected
to a source of the drive transistor and to an anode of the
light-emitting element,

the display apparatus comprises:

a plurality of reference voltage supply lines which supply
a reference voltage used as a reference to detect the
threshold voltage for each of the plurality of pixels; and

a plurality of positive supply lines each of which is
electrically connected to a drain of the drive transistor
and supplies a current that causes the light-emitting
element of the pixel to emit light,

each of the plurality of pixels further has a first switch for
switching a state between the reference voltage supply
line and the first electrode of the storage capacitor,
between conducting and non-conducting states, and

at least one of the plurality of reference voltage supply
lines and the plurality of positive supply lines is the
plurality of power supply lines.

7. The display apparatus according to claim 6, comprising

a plurality of signal lines, as the plurality of reference
voltage supply lines, which supply the reference volt-
age and a signal voltage that determines luminance of
the plurality of pixels.

8. The display apparatus according to claim 1,

wherein the storage capacitor has: a first electrode which
is electrically connected to a gate of the drive transistor;
and a second electrode which is electrically connected
to a source of the drive transistor and to an anode of the
light-emitting element,

the display apparatus comprises:

a plurality of reset power supply lines which supply a
reset voltage for resetting a voltage held by the light-
emitting element for each of the plurality of pixels; and

a plurality of positive supply lines each of which is
electrically connected to a drain of the drive transistor
and supplies a current that causes the light-emitting
element of the pixel to emit light,

each of the plurality of pixels further has a second switch
for switching a state between the reset power supply
line and the second electrode of the storage capacitor
and a state between the reset power supply line and the
anode of the light-emitting element, between conduct-
ing and non-conducting states, and
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at least one of the plurality of reset power supply lines and
the plurality of positive supply lines is the plurality of
power supply lines.
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